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NOTES ON USING A CONSENT AGENDA 

We use a “consent agenda” for routine reports, previous meeting minutes and other non-controversial items 
not requiring discussion or individual action. Using a consent agenda will enable us to use our face-to-face 
time together more strategically and effectively.  

For our purposes, our consent agenda will include the minutes from the previous Board meeting, updates 
on organizational strategic goals and reports from the directors of each of our teams; finance and 
administration, global member development, member support and training, and product development. The 
Executive and other Committees may also choose to include updates or background reports that are 
provided for information only, correspondence requiring no action, staff appointments requiring Board 
confirmation, final approval of proposals or reports, routine contracts or confirmation of documents or 
items that need no discussion but may be required by the bylaws. 

Finally, we can only group reports and information together under the consent agenda if all Trustees agree. If 
one Trustee requests an item to be pulled out for discussion, it will be removed from the consent agenda and 
placed on the regular meeting agenda. 

If you have questions or require some clarification please reply with those questions before the meeting.  If 
you believe an item needs to be pulled from the consent agenda for additional discussion please notify the 
Chair or the CEO so the agenda can be modified. 
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2018 Q2 Board of Trustees Meeting 
Minutes 

11-13 April 2018
San Diego, California, USA

ATTENDANCE: 

Board Attendees: 

Officers 

Phil Frost, BREC’s Baton Rouge Zoo, Chair 

   Cheng Wen-Haur, WRS, Vice Chair  

   Paula Brock, San Diego Zoo Global, Treasurer 

Frands Carlsen, Copenhagen Zoo, Secretary 

   Jackson Andrews, Tennessee Aquarium 

Rasem Baban, Munchener Tierpark Hellabrunn 

Dr. Onnie Byers, CPSG 

Dr. Paul Calle, Wildlife Conservation Society (WCS) 

  Jim Fleshman, Cameron Park Zoo 

Jim Guenter, Species360 

Linda Hatfield 

Bjarne Klausen, Den Bla Planet 

  Arne Lawrenz, Zoologischer Garten Wuppertal 

  Peter Paul van Dijk, Global Wildlife Conservation 

  Kris Vehrs, AZA 

  Bob Wiese, AZA 

  Jonathan Wilcken, Auckland Zoo, ZAA 

  Martin Zordan, WAZA 

 Species360 Staff: 

  Dr. Dalia Conde, Director of Science 

  Peter Donlon, Director of Global Member Development 

  Elisabeth Hunt, Director of Member Support and Training 

  Keith Olson, Director of Finance 

  Doug Verduzco, CIO, Director of Product Development 

 Regrets:

 Maria Clara Dominguez, Fundacion Zoologica de  Cali 

 Myfanwy Griffith, EAZA 

 Antoinette Kotze, PAAZA 

 Etsuo Narushima, JAZA 

 Rodolfo Raigoza Figueras, Xcaret 

 Dr. D.N. Singh, CZA 

ACTION ITEMS: 

Jim 
● Conduct a survey of trustees’ institutions’ IT costs for major systems - for comparison to ZIMS               

fees.

All Trustees 
● Participate in a survey about IT systems and costs used at Trustee institutions.

Paula 
● Share the previously completed IT system analysis conducted to compare to ZIMS fees
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2018 Q2 Board of Trustees Meeting 
Minutes 

11-13 April 2018
San Diego, California, USA

Doug 
● Define various aspects of data sharing provide metrics describing the current level(s) of            

member sharing via ZIMS. What does the ‘50% stat’ talked about really  indicate?

Jim and Dalia 
● Conservation Science Alliance - Review contribution levels in addition to the $25k level, explore             

levels at $5k, $10k and $25k, smaller facility contribution of $1.5k. Suggestion to explore             
funding from corporations and grants outside of the community. Follow up with Paula            
regarding meeting with SDZG vendor Vulcan to participate - SDZG connection to their Senior HR              
Officer, Tim Mulligan.

Dalia 
● Include Arne, Onnie, Rasem and Paul in further specific discussions around the Heribert Hofer’s             

paper and request.
● Work with Research Committee on how to handle complex requests without requiring a full             

board discussion in the future.

Peter 
● Contact Craig Thornburn at Merlin Australia to express concern that the Merlin requirements            

document omitted the critical need for Merlin to share data across their 57 locations. Copy              
Jonathan Wilcken.

● Suggestion from Jackson to explore the Ripley’s multi-facility aquarium organization for          
membership.

● Suggestion from Onnie to investigate the conservation field project list of members that is             
available from AZA and EAZA.

● Send Wen-Haur the Species360 brochure in Chinese for meetings with a delegation in China.
● Send Kris information on the November IAC Aquarium event being held in Fukushima, Japan.
● Follow up with Sabrina and/or Martin regarding ZIMS in French and $10k contribution from             

WAZA.
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2018 Q2 Board of Trustees Meeting 
Minutes 

11-13 April 2018
San Diego, California, USA

Day 1 and Day 3 were Strategic Planning Sessions. A summary of those sessions will be published 

separately to the trustees.  The following are the minutes for the business portion of the meeting only, 

held on Thursday, 12 April, 2018 

Meeting was called to order at 08:50 by Chair, Phil Frost. 

I. Welcome, Introductions and Agenda Overview

● Consent Agenda Review and Approval

o Paula Brock moved to accept the consent agenda, seconded by

Jonathan Wilcken, motion carried.

● Farewell for Jonathan Wilcken as he is resigning from the board. This was his

last meeting.

II. Election of At-Large Executive Committee Member

● Paula Brock was nominated, accepted and unanimously elected.

III. CEO Updates - Jim Guenter

● Updates on  ZIMS for Studbooks, staff projects (TRACKS migrations, science

team project and two community-funded projects), planned changes of

software development team in Turkey.

● Recognition and thanks to trustees and their institutions:

o Q2 board meeting hosting - Bob, Paula, Robin Keith, Rebecca Pyrtle and

the SDZG Zoo and Safari Park Staff

o Assistance with membership renewals and member retention -

Rodolfo, Maria Clara, Frands, Myfanwy, Jackson, Phil

o Invitations to new members - Bob, Wen-Haur, Myfanwy, Etsuo, Rodolfo

o Advocacy and support with community-funded projects - Jim, Maria

Clara, Arne, Jonathan

IV. Lead Team Updates

● Member Support and Training - Elisabeth Hunt, Director

● Global Member Development - Peter Donlon, Director
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2018 Q2 Board of Trustees Meeting 
Minutes 

11-13 April 2018
San Diego, California, USA

o Highlights:

▪ Peter highlighted the fantastic start we've had in 2018 with new

members; some of our challenges with a shrinking "traditional

zoo" market and how our new member "types" have changed as

a result (e.g. insectariums, museums, aquariums, and field

projects).

▪ Our work with the Russian zoo association (RUZA) where RUZA

funds five of their members' Species360 membership.

▪ The dramatic increase in annual renewal fees; the strong start

we've had vs. budget in initiation fees.

▪ Our additions in aquarium members (some specific work with 5

French EAZA member aquariums and work with Merlin

Corporation, who are evaluating ZIMS vs Tracks).

▪ Our need for some help from board members with additional

aquarium prospects; some updates on competitive activities.

▪ Updates on Japan.

▪ Update on India and need to extend the existing MoU.

▪ Discussion of some of the challenges in China and upcoming

presentations and potential collaboration; update on corporate

sponsors.

o Discussion regarding the 4% annual increase.  Because of inflation,

rising IT costs, and continued expansion of ZIMS, we do not anticipate

ending it in the foreseeable future.

● Product Development - Doug Verduzco, Director and CIO

o Highlights:

▪ Highlighted ZIMS for Studbooks progress, including the

much-anticipated overlay functionality, and the slow progress

with migration of SPARKS and PopLink SBs to ZIMS.
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2018 Q2 Board of Trustees Meeting 
Minutes 

11-13 April 2018
San Diego, California, USA

▪ The new "search by diagnosis" feature; some of the challenges

with development progress and changes to how technical

leadership is distributed between Species360 and our

contractor, Sword IT.

▪ Aquarium product development update.

▪ Explained the plan to create a turnkey one-way migration for

returning members (from Tracks).

● Science and Research - Dalia Conde, Director

o Highlights:

▪ Completion of a data extraction tool to greatly simplify data

research requests.

▪ Discussed the progress of the turtle project and how it opened

the door with CITES – we will now be doing a similar analysis for

16 additional species.

▪ Showed an analysis of species managed in several regions and

the surprising lack of overlap between regions.

▪ Spoke about the new "Conservation Science Alliance" initiative.

The board discussed some ideas around this initiative, e.g.

pricing, value, etc.

● Finance - Keith Olson, Director

o Highlights:

▪ Briefed the board on the Finance and Audit Committee meeting.

▪ Presented the unaudited 2017 financial statements.

▪ Briefed on the upcoming audit and timeline.

▪ Highlighted 2018 financial progress (currently our healthiest

cash position ever).

● Additional Topics of Discussion

o Data Sharing

▪ How do we encourage it going forward?
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2018 Q2 Board of Trustees Meeting 
Minutes 

11-13 April 2018
San Diego, California, USA

▪ Define what data sharing means and the various versions of

data sharing - minimum activity of just being a member but

contributing data into the pooled analyses to max of sharing

with complete openness and disclosure of full husbandry and

medical.

▪ Evaluated where are members are today - what does the 50%

stat talked about really indicate.

o Research Requests

▪ Request to review the methodology for handling research

requests to ensure we follow the best possible practice.  Dalia

and the research committee will work on how we handle these

in the future to minimize the length of required  board

discussions..

▪ Dalia will include Arne, Onnie, Rasem, and Paul in further

specific discussions around the paper created by Heribert and

Anke.

o Cost of Membership

▪ Discussion on the cost of membership and use of ZIMS,

compared to the cost zoological institutions spend for other

software products.

⬥ Paula agreed to share with the Trustees SDZG’s analysis

of a few years ago on all of their various software product 

costs.  She indicated their conclusion was that ZIMS and 

membership are significantly lower than all other 

mission-critical software tools. 

o Conservation Science Alliance

▪ A number of trustees suggested having lower contribution

options in addition to the $25,000 annual level.  Frands

suggested exploring the levels of $5,000, $10,000, $25,000.  Phil

and Jim F. indicated a lower level (such as $1,500/year) might be

needed for smaller facilities.
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2018 Q2 Board of Trustees Meeting 
Minutes 

11-13 April 2018
San Diego, California, USA

▪ Martin indicated the CSA program should provide contributors

with significant value.  CSA should be seen as a ‘community

resource.’

▪ Linda suggested exploring corporations, granters, etc outside of

the community.

▪ Paula offered to invite their software vendor, Vulcan, to

participate.  Their Senior HR Officer Tim Mulligan had previously

headed up HR at SDZG.

o ZIMS French Translation

▪ Martin will follow up regarding a discussion of a $10k WAZA

contribution towards the translation project.

o Species360 in China

▪ Martin to introduce Peter to Janet Ho, WAZA rep from Hong Kong.

▪ Materials translated in Chinese for Wen-Haur meetings in

China.

o Trustee Nomination Suggestions

▪ Someone from a regional vet association

Meeting adjourned by Chair, Phil Frost at 13:50. 
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FINANCE AND AUDIT COMMITTEE REPORT 

• The Species360 Finance and Audit (FA) Committee met on June 28, 2018 to receive the 2017
Audit Report from Jeff Sellner, with CliftonLarsonAllen, review the 2017 IRS 990 and MN
Charitable Organization Report and review the 2018 May Financials & Year-end Forecast.

• Mr. Sellner covered the following topics with committee members:
• Audit Scope and Approach
• Audit Report Highlights
• Required Communications
• Future Accounting Changes

• The FA Committee passed a motion to accept the Auditor’s report as presented on June 28,
2018 and recommend approval by the Species360 Board of Directors at its next meeting.  The
2017 Audit Report and Required Communications are attached for your reference.

• Species360 is required annually to file a Charitable Organization Report with the State of
Minnesota to maintain its charitable organization status to solicit contributions in
Minnesota.  The report is attached for your reference.  The filing of the MN Charitable
Organization Report will include the 2017 IRS Form 990 and 2017 Species360 Audited
Financial Statements as attachments.  The 2017 IRS Form 990 will be filed following the July
Board Meeting and will be available for public inspection.

• The Finance Committee reviewed the 2017 IRS 990 and MN Charitable Organization Report
and passed a motion to recommend approval of the MN Charitable Organization Report by
the Species360 Board of Directors at its next meeting.

PROPOSED BOARD ACTIONS 

Motion: 

• The Species350 Board of Directors approve the 2017 Auditor’s Report.

Motion: 

• The Species360 Board of Directors, on this day, July 24, 2018, approve of the contents of the
2017 State of Minnesota Charitable Organization Annual Report, and do hereby certify that
Species360 Directors has assumed, and will continue to assume responsibility for
determining matters of policy, and have supervised, and will continue to supervise, the
finances of the organization.  We further state that the information supplied is true, correct
and complete to the best of our knowledge.

FINANCE AND AUDIT COMMITTEE 
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SPECIES360 

FINANCIAL STATEMENTS 

YEARS ENDED DECEMBER 31, 2017 AND 2016 

10



SPECIES360 
TABLE OF CONTENTS 

YEARS ENDED DECEMBER 31, 2017 AND 2016 

INDEPENDENT AUDITORS’ REPORT 1 

FINANCIAL STATEMENTS 

STATEMENTS OF FINANCIAL POSITION 3 

STATEMENTS OF ACTIVITIES 4 

STATEMENTS OF FUNCTIONAL EXPENSES 5 

STATEMENTS OF CASH FLOWS 6 

NOTES TO FINANCIAL STATEMENTS 7 

11



CliftonLarsonAllen LLP
CLAconnect.com

(1) 

INDEPENDENT AUDITORS’ REPORT 

Board of Trustees 
Species360 
Bloomington, Minnesota 

We have audited the accompanying financial statements of Species360 which comprises the 
statements of financial position as of December 31, 2017 and 2016, and the related statements of 
activities, functional expenses, and cash flows for the years then ended and the related notes to the 
financial statements. 

Management’s Responsibility for the Financial Statements 

Management is responsible for the preparation and fair presentation of these financial statements in 
accordance with accounting principles generally accepted in the United States of America; this includes 
the design, implementation, and maintenance of internal control relevant to the preparation and fair 
presentation of financial statements that are free from material misstatement, whether due to fraud or 
error. 

Auditors’ Responsibility 

Our responsibility is to express an opinion on these financial statements based on our audits. We 
conducted our audits in accordance with auditing standards generally accepted in the United States of 
America. Those standards require that we plan and perform the audit to obtain reasonable assurance 
about whether the financial statements are free from material misstatement. 

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in 
the financial statements. The procedures selected depend on the auditors’ judgment, including the 
assessment of the risks of material misstatement of the financial statements, whether due to fraud or 
error. In making those risk assessments, the auditor considers internal control relevant to the entity’s 
preparation and fair presentation of the financial statements in order to design audit procedures that are 
appropriate in the circumstances, but not for the purpose of expressing an opinion on the effectiveness 
of the entity’s internal control. Accordingly, we express no such opinion. An audit also includes 
evaluating the appropriateness of accounting policies used and the reasonableness of significant 
accounting estimates made by management, as well as evaluating the overall presentation of the 
financial statements. 

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for 
our audit opinion. 
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Board of Trustees 
Species360 

(2) 

Opinion 

In our opinion, the financial statements referred to above present fairly, in all material respects, the 
financial position of Species360 as of December 31, 2017 and 2016, and the change in its net assets 
and its cash flows for the years then ended in accordance with accounting principles generally 
accepted in the United States of America. 

CliftonLarsonAllen LLP 

Minneapolis, Minnesota 
June 28, 2018 
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SPECIES360 
STATEMENTS OF FINANCIAL POSITION 

DECEMBER 31, 2017 AND 2016 

See accompanying Notes to Financial Statements. 
(3) 

2017 2016
ASSETS

CURRENT ASSETS
Cash and Cash Equivalents 1,719,811$      1,883,330$      
Investments 2,246 2,143
Accounts Receivable, Net 71,785 266,520
Prepaid Expenses 47,395 53,925

Total Current Assets 1,841,237        2,205,918

OTHER ASSETS
Property and Equipment, Net 127,467 161,846
ZIMS Software Development, Net 4,317,378 4,624,619

Total Other Assets 4,444,845        4,786,465   

Total Assets 6,286,082$      6,992,383$      

LIABILITIES AND NET ASSETS

CURRENT LIABILITIES
Accounts Payable 80,556$           169,332$         
Accrued Expenses 12,795 93,995
Accrued Payroll Liabilities 205,261 217,309
Deferred Revenue 2,078,242 2,504,218
Deferred Lease Incentive 25,894 24,502

Total Current Liabilities 2,402,748        3,009,356   

LONG-TERM LIABILITIES
Deferred Revenue 83,896             106,439      
Deferred Lease Incentive 62,368 88,275

Total Long-Term Liabilities 146,264           194,714      

Total Liabilities 2,549,012        3,204,070   

NET ASSETS
Unrestricted 3,629,390        3,788,313   
Temporarily Restricted 107,680           - 

Total Net Assets 3,737,070        3,788,313   

Total Liabilities and Net Assets 6,286,082$      6,992,383$      
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SPECIES360 
STATEMENTS OF ACTIVITIES 

YEARS ENDED DECEMBER 31, 2017 AND 2016 

See accompanying Notes to Financial Statements. 
(4) 

Temporarily Temporarily
Unrestricted Restricted Total Unrestricted Restricted Total

SUPPORT AND REVENUE
Membership Dues and Other Fees 4,985,691$    -$  4,985,691$    4,851,775$    -$             4,851,775$    
Program Service Fees 256,600         - 256,600 521,192         - 521,192 
Contributions 22,241           124,350         146,591 21,041           - 21,041 
Government Grants 99,672           - 99,672 49,387           - 49,387 
Investment Income 103      - 103 450 - 450 
Miscellaneous Income 1,513   - 1,513 206 - 206 
Net Assets Released from Restrictions 16,670           (16,670)          - 500 (500) - 

Total Support and Revenue 5,382,490      107,680         5,490,170      5,444,551      (500) 5,444,051 

EXPENSES
Program Expenses 4,416,640      - 4,416,640 5,665,215      - 5,665,215 
Management and General 1,124,773      - 1,124,773 1,339,802      - 1,339,802 

Total Expenses 5,541,413      - 5,541,413 7,005,017      - 7,005,017 

CHANGES IN NET ASSETS (158,923)        107,680         (51,243)          (1,560,466)     (500) (1,560,966) 

Net Assets - Beginning of Year 3,788,313      - 3,788,313 5,348,779 500  5,349,279 

NET ASSETS - END OF YEAR 3,629,390$    107,680$       3,737,070$    3,788,313$    -$             3,788,313$    

2017 2016
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SPECIES360 
STATEMENTS OF FUNCTIONAL EXPENSES 

YEARS ENDED DECEMBER 31, 2017 AND 2016 
 
 
 

See accompanying Notes to Financial Statements. 
(5) 

 

Program Management Program Management
Services and General Total Services and General Total

SALARIES AND RELATED EXPENSES
Salaries 1,328,119$    641,769$       1,969,888$    1,178,077$    726,237$       1,904,314$    
Benefits 302,252         117,595         419,847         282,398         145,065         427,463         
Payroll Taxes 84,163           43,241           127,403         91,548           47,839           139,387         
Remote Office Personnel 453,973         82,158           536,131         740,109         125,092         865,201         

Total Salaries and Related
  Expenses 2,168,507      884,763         3,053,270      2,292,132      1,044,232      3,336,364      

OTHER EXPENSES
Professional Fees 34,934           39,060           73,994           29,872           21,905           51,777           
Advertising and Promotion 4,377             4,028             8,405             -                     64,164           64,164           
Supplies 5,628             1,875             7,503             6,224             2,398             8,622             
Telephone 15,848           4,882             20,730           18,674           4,640             23,315           
Occupancy 94,732           34,961           129,693         94,424           29,677           124,101         
Travel 63,344           29,420           92,764           43,626           5,615             49,241           
Conferences and Meetings 33,682           52,657           86,339           38,338           90,123           128,461         
Postage and Shipping 1,762             622                2,384             845                951                1,796             
Dues and Subscriptions 4,569             1,367             5,936             5,553             1,423             6,976             
Computer Expenses 72,104           10,698           82,801           64,435           8,427             72,862           
Insurance 13,631           13,755           27,386           11,319           12,196           23,514           
Service Fees 39                  24,985           25,024           113                25,908           26,021           
Asset Impairment Loss -                     -                     -                     491                154                646                
ZIMS Hosting 52,766           -                     52,766           55,576           -                     55,576           
Miscellaneous (359)               (125)               (484)               3,026             955                3,980             
Bad Debt -                     10,000           10,000           -                     17,384           17,384           
Amortization 1,817,070      -                     1,817,070      2,969,881      -                     2,969,881      
Depreciation 34,008           11,825           45,833           30,685           9,651             40,336           

Total Other Expenses 2,248,134      240,010         2,488,144      3,373,083      295,570         3,668,653      

Total Expenses 4,416,640$    1,124,773$    5,541,413$    5,665,215$    1,339,802$    7,005,017$    

2017 2016
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SPECIES360 
STATEMENTS OF CASH FLOWS 

YEARS ENDED DECEMBER 31, 2017 AND 2016 

See accompanying Notes to Financial Statements. 
(6) 

2017 2016
CASH FLOWS FROM OPERATING ACTIVITIES

Change in Net Assets (51,243)$          (1,560,966)$     
Adjustments to Reconcile Change in Net Assets to Net Cash
  Provided by Operating Activities:

Depreciation and Amortization 1,862,903        3,010,217   
Unrealized Gain on Investments (103) (450) 
Net Change in Current Assets:

Accounts Receivable 194,735           (161,280)     
Prepaid Expenses 6,530 (4,906)         

Net Change in Current Liabilities:
Accounts Payable (88,776)            100,299      
Accrued Expenses (81,200)            (22,878)       
Accrued Payroll Liabilities (12,048)            90,593        
Deferred Revenue (448,519)          273,048      
Deferred Lease Incentive (24,515)            (26,536)       

Net Cash Provided by Operating Activities 1,357,764        1,697,141   

CASH FLOWS FROM INVESTING ACTIVITIES
Purchase of Property and Equipment (11,454)            (27,922)       
Capital Expenditures for ZIMS Software Development (1,509,829)       (1,741,965)  

Net Cash Used by Investing Activities (1,521,283)       (1,769,887)  

NET DECREASE IN CASH AND CASH EQUIVALENTS (163,519)          (72,746)       

Cash and Cash Equivalents - Beginning of Year 1,883,330        1,956,076   

CASH AND CASH EQUIVALENTS - END OF YEAR 1,719,811$      1,883,330$      
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SPECIES360 
NOTES TO FINANCIAL STATEMENTS 

DECEMBER 31, 2017 AND 2016 

(7) 

NOTE 1 ORGANIZATION 

Nature of Operations 

Species360 (the Organization) (formerly International Species Information System) is a 
global nonprofit organization committed to developing the best possible systems by which to 
collect, organize, standardize, and share information about animals and their environments. 
From its beginnings in 1974, the membership-based organization has also been dedicated 
to the belief that no matter how strong individual zoological, aquarium, related conservation 
institutions, associations, and educational programs may be, together they are stronger. 

Now, 43 years later, the Organization has developed a Zoological Information Management 
System (ZIMS) software solution for husbandry, inventory, and medical data. A version of 
ZIMS is also available for studbook management. Its database holds information about 10.3 
million animals belonging to 22,200 species − information that supports vital conservation 
initiatives. Species360 provides science and research services with an internal science team 
and in support of member or other animal care or conservation science teams globally. 

The Organization, based in Bloomington, Minnesota, USA, continues to welcome new 
members from around the world, joining more than 1,007 zoos and aquariums, 48 regional 
and professional associations, and 21 schools and colleges in 95 countries around the 
world. 

NOTE 2 SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES 

Use of Estimates 

The preparation of financial statements in conformity with accounting principles generally 
accepted in the United States requires management to make estimates and assumptions 
that affect the reported amounts of assets and liabilities at the date of the financial 
statements and the reported amounts of revenue and expenses during the period. Actual 
results could differ from those estimates. 

Cash and Cash Equivalents 

The Organization considers all highly liquid investments with original maturities of three 
months or less to be cash equivalents. 

Accounts Receivable 

The Organization provides an allowance for bad debts using the allowance method. 
Membership dues are sold on an unsecured basis and payment is generally required at the 
beginning of each membership period and accounts past due are individually analyzed for 
collectability. An allowance is provided for accounts past due when a significant pattern of 
uncollectability has occurred. When all collection efforts have been exhausted, the account 
is written off against the related reserve. The reserve for uncollectible receivables was 
$53,285 and $155,000 at December 31, 2017 and 2016, respectively. 
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SPECIES360 
NOTES TO FINANCIAL STATEMENTS 

DECEMBER 31, 2017 AND 2016 

(8) 

NOTE 2 SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES (CONTINUED) 

Property and Equipment 

All major expenditures for furniture, equipment, and building improvements are capitalized at 
cost. Contributed items are recorded at fair market value at date of donation. Items that cost 
$1,000 or greater and are determined to have a useful life greater than one year are 
capitalized. Depreciation is computed using the straight-line method over estimated useful 
lives of one to five years. When the Organization commits to the disposal or abandonment 
of equipment, the assets are written off or down to the net realizable value. The cost of 
maintenance and repairs is charged to expense as incurred. Significant renewals or 
betterments are capitalized. 

The Company reviews long-lived assets and certain identifiable intangibles for impairment 
whenever events or changes in circumstances indicate that the carrying amount of an asset 
may not be recoverable. Recoverability of assets to be held and used is measured by a 
comparison of the carrying amount of an asset to future net undiscounted cash flows 
expected to be generated by the asset. If such assets are considered to be impaired, the 
impairment to be recognized is measured by the amount by which the carrying amount of 
the assets exceeds the fair value of the assets. Assets to be disposed of are reported at the 
lower of the carrying amount or fair value less costs to sell. There were no long-lived assets 
impaired or to be disposed of at December 31, 2017. 

Net Assets Classifications 

The Organization reports information regarding its financial position and activities according 
to three classes of net assets: 

Unrestricted Net Assets – Unrestricted net assets are not subject to donor-imposed 
restrictions and represent funds that are fully available, at the discretion of management 
and the board of trustees, for the Organization to utilize for any of its programs or 
supporting services. 

Temporarily Restricted Net Assets – Temporarily restricted net assets are comprised of 
funds that are restricted by donors for specific purposes or time periods. At December 
31, 2017 and 2016, the Organization had $107,680 and $-0- temporarily restricted net 
assets, respectively. 

Permanently Restricted Net Assets – Permanently restricted net assets are subject to a 
donor-imposed restriction that they be maintained permanently by the Organization. At 
December 31, 2017 and 2016, the Organization had no permanently restricted net 
assets. 

Revenue Recognition 

Membership dues consist of the delivery of software subscriptions for the ZIMS software 
platform and are recognized over the term of the membership period which is generally 12 
months. Initiation or set up fees are charged to new or returning members. Those fees are 
recognized over three years. 
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SPECIES360 
NOTES TO FINANCIAL STATEMENTS 

DECEMBER 31, 2017 AND 2016 

(9) 

NOTE 2 SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES (CONTINUED) 

Revenue Recognition (Continued) 

Contributions are reported as an increase in unrestricted net assets unless use of the 
related asset is limited by donor-imposed restrictions. Expenses are reported as decreases 
in unrestricted net assets. Gains and losses on investments and other assets or liabilities 
are reported as an increase or a decrease in unrestricted net assets unless their use is 
restricted by explicit donor stipulations. Expirations of temporary restrictions on net assets 
are reported as net assets released from restrictions. 

Deferred revenue results from recognizing membership dues in the period in which the 
membership benefits will be received in addition to unrecognized initiation fees. Accordingly, 
membership dues received for future years are deferred and recognized as revenue in the 
appropriate year. Initiation fee revenue is recognized over a three-year period based on their 
membership start date. 

Program Service Fee Revenue is recognized on a percent of completion method. 

Investments 

Investments consist of mutual funds and are stated at fair value based on quoted prices in 
active markets. 

Contributions 

All contributions are considered to be available for unrestricted use unless specifically 
restricted by the donor. Donor-restricted contributions, the restrictions of which are met in 
the same year as the contributions are made, are reported as unrestricted contributions. 

Donated Material and Services 

Contributed services are recorded as contributions, at fair value, when the service creates or 
enhances a nonfinancial asset or donation. Some unpaid volunteers have made 
contributions of their time to the Organization’s programs. The value of this contributed time 
is not reflected in these financial statements since it does not meet the requirements for 
recognition in the financial statements. 

Functional Expenses 

The majority of expenses are directly identified with the program or supporting services to 
which they relate. Expenses not directly identifiable by function are allocated to program and 
supporting services on the basis of salaries and other bases determined by management. 

Tax-Exempt Status 

The Organization has been recognized by the Internal Revenue Services (IRS) as a tax-
exempt organization under Section 501(c)(3) of the Internal Revenue Code (IRC) and, 
accordingly, is generally not subject to income taxes, except for taxes pertaining to 
unrelated business income. The Organization is exempt from state taxes under Minnesota 
Statute 290.05. Therefore, there is no provision for income taxes, and unrelated income 
subject to tax is considered to be insignificant. 
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SPECIES360 
NOTES TO FINANCIAL STATEMENTS 

DECEMBER 31, 2017 AND 2016 

(10) 

NOTE 2 SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES (CONTINUED) 

Fundraising Expenses 

The primary fundraising expenses are considered immaterial to the financial statements and 
are included in management and general expenses. 

Income Taxes 

The Organization follows the guidance in the income tax standard regarding the recognition 
and measurement of uncertain tax positions. The guidance clarifies the accounting for the 
uncertainty in income taxes recognized in the entity’s financial statements. The guidance 
further prescribes recognition and measurement of tax provisions taken or expected to be 
taken on a tax return that are not certain to be realized. The application of this standard has 
no impact on the Organization’s financial statements. 

The Organization’s tax returns are subject to review and examination by federal, state, and 
local authorities. The tax returns for the years 2014 to 2017 are open to examination by 
federal, state, and local authorities. 

NOTE 3 PROPERTY AND EQUIPMENT 

Property and equipment consists of the following at December 31: 

2017 2016
Computers and Equipment 121,607$         110,153$         
Furniture and Other Equipment 102,001 102,001
Leasehold Improvements 158,672 158,672
Less: Accumulated Depreciation (254,813)          (208,980)          

Net Property and Equipment 127,467$         161,846$         

Depreciation expense of $45,833 and $40,336 was recorded for the years ended 
December 31, 2017 and 2016, respectively. 

NOTE 4 CAPITALIZED SOFTWARE 

Capitalized software development costs consist of the purchase of source code, license 
fees, consulting fees, labor, and related costs incurred in the development of the 
Organization’s ZIMS software platform. Capitalization of internally developed software 
occurs during the application development stage and amortization begins at the time the 
new release is placed into service. Capitalized software costs are amortized on a straight-
line basis over the estimated use life of 60 months. The Organization capitalized $2,717,278 
and $1,741,965 of software development costs in 2017 and 2016, respectively. 
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SPECIES360 
NOTES TO FINANCIAL STATEMENTS 

DECEMBER 31, 2017 AND 2016 

(11) 

NOTE 4 CAPITALIZED SOFTWARE (CONTINUED) 

Capitalized software development costs consist of: 

2017 2016
Costs Placed into Service 13,199,940$    10,482,662$    
Unamortized Development Costs 323,086 1,530,535
Less: Accumulated Amortization (9,205,648)       (7,388,578)       

Net ZIMS Software 4,317,378$      4,624,619$      

Amortization of software development costs was $1,817,070 and $2,969,881 for the years 
ended December 31, 2017 and 2016, respectively. 

NOTE 5 LINE OF CREDIT 

The Organization has a $400,000 revolving line of credit agreement with a bank. The line of 
credit has an interest rate of 5.5% and expires on September 20, 2018. Advances 
outstanding under this line of credit were $-0- at December 31, 2017 and 2016, respectively. 
The line is subject to certain borrowing compliance covenants and is secured by 
substantially all of the Organization’s assets. 

NOTE 6 OPERATING LEASE 

On April 18, 2013, the Organization entered into an operating lease for office space. The 
lease requires monthly payments ranging from $5,916 to $6,728 through July 31, 2021, plus 
common area expenses. The Organization applies straight-line rent based on varying rent 
payments. As an incentive for the Organization to enter into this lease, the landlord agreed 
to pay for $139,650 worth of leasehold improvements in addition to rent abatement of which 
both have been recorded as a deferred lease incentive. The deferred lease incentive was 
recognized as a liability and will be amortized against rent expense over the lease term 
using the straight-line method. 

Rent expense including common area expenses was $129,285 and $123,945 for the years 
ended December 31, 2017 and 2016, respectively. 

Future minimum lease payments required are as follows: 

Year Ending December 31, Amount
2018 77,140$           
2019 78,532      
2020 79,924      
2021 47,096      
Total 282,692$         
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NOTES TO FINANCIAL STATEMENTS 

DECEMBER 31, 2017 AND 2016 

(12) 

NOTE 7 RETIREMENT PLAN 

The Organization has a 401(k) retirement account for its qualifying employees. Eligible 
employees may contribute a portion of their compensation each year in accordance with 
plan provisions. For employees meeting certain eligibility requirements, the Organization 
contributes up to 10% of gross salary based upon years of service. Additionally, the plan 
allows the Organization to have a safe-harbor and make a discretionary profit sharing 
contribution. The Organization contributed $173,429 and $170,458 for the years ended 
December 31, 2017 and 2016, respectively. 

NOTE 8 CONCENTRATIONS 

The Organization maintains its cash in deposit accounts at a financial institution where 
balances, at times, may exceed federally insured limits. The Organization has not 
experienced any losses in such accounts. 

NOTE 9 RECENTLY ISSUED ACCOUNTING GUIDANCE 

Leases 

In February 2016, FASB issued amended guidance for the treatment of leases. The 
guidance requires lessees to recognize a right-of use asset and a corresponding lease 
liability for all operating and finance leases with lease terms greater than one year. The 
guidance also requires both qualitative and quantitative disclosures regarding the nature of 
the entity’s leasing activities. The guidance will initially be applied using a modified 
retrospective approach. The amendments in the guidance are effective for fiscal years 
beginning after December 15, 2019. Early adoption is permitted. Management is evaluating 
the impact of the amended lease guidance on the Company’s consolidated financial 
statements. 

Revenue Recognition 

FASB issued changes to the accounting requirements for recognizing revenue from 
contracts with customers. These changes created a comprehensive framework for all 
entities in all industries to apply in the determination of when to recognize revenue, and, 
therefore, supersede virtually all existing revenue recognition requirements and guidance. 
This framework is expected to provide a consistent and comparable methodology for 
revenue recognition. The core principle of the guidance is that an entity should recognize 
revenue to depict the transfer of promised goods or services to customers in an amount that 
reflects the consideration to which the entity expects to be entitled in exchange for those 
goods or services. To achieve this principle, an entity will apply the following steps: 
(i) identify the contract(s) with a customer, (ii) identify the performance obligations in the
contract(s), (iii) determine the transaction price, (iv) allocate the transaction price to the
performance obligations in the contract(s), and (v) recognize revenue when, or as, the entity
satisfies a performance obligation.
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DECEMBER 31, 2017 AND 2016 

(13) 

NOTE 9 RECENTLY ISSUED ACCOUNTING GUIDANCE (CONTINUED) 

Revenue Recognition (Continued) 

Additionally, qualitative and quantitative disclosures are required regarding customer 
contracts, significant judgments and changes in judgments, and assets recognized from the 
costs to obtain or fulfill a contract. These changes become effective for annual reporting 
periods beginning after December 15, 2018. Management is currently evaluating the 
potential impact of these changes on the financial statements. 

NOTE 10 SUBSEQUENT EVENTS 

The Organization has evaluated subsequent events through June 28, 2018, the date the 
financial statement were available to be issued. There are no subsequent events required to 
be disclosed in accordance with accounting standards. 
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CliftonLarsonAllen LLP
CLAconnect.com

Board of Trustees and Management 
Species360 
Bloomington, Minnesota 

We have audited the financial statements of Species360 as of and for the years ended December 31, 
2017, have issued our report thereon dated June 28, 2018. We have previously communicated to you 
information about our responsibilities under auditing standards generally accepted in the United States 
of America, as well as certain information related to the planned scope and timing of our audit. 
Professional standards also require that we communicate to you the following information related to our 
audit. 

Significant audit findings 

Qualitative aspects of accounting practices 

Accounting policies 

Management is responsible for the selection and use of appropriate accounting policies. The significant 
accounting policies used by Species360 are described in Note 1 to the financial statements.  

We noted no transactions entered into by Species360 during the year for which there was a lack of 
authoritative guidance or consensus. All significant transactions have been recognized in the financial 
statements in the proper period. 

Accounting estimates 

Accounting estimates are an integral part of the financial statements prepared by management and are 
based on management’s knowledge and experience about past and current events and assumptions 
about future events. Certain accounting estimates are particularly sensitive because of their 
significance to the financial statements and because of the possibility that future events affecting them 
may differ significantly from those expected. The most sensitive estimates affecting the financial 
statements were management’s estimate of allowance for uncollectible accounts receivable, useful life 
of ZIMS software development and capitalized costs, revenue recognition, and accrued expenses. 

Financial statement disclosures 

Certain financial statement disclosures are particularly sensitive because of their significance to 
financial statement users. There were no particularly sensitive financial statement disclosures. 

The financial statement disclosures are neutral, consistent, and clear. 

Difficulties encountered in performing the audit 

We encountered no significant difficulties in dealing with management in performing and completing our 
audit. 
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Board of Trustees and Management 
Species360 
Page 2 
Uncorrected misstatements  

Professional standards require us to accumulate all misstatements identified during the audit, 
other than those that are clearly trivial, and communicate them to the appropriate level of 
management. Management did not identify and we did not notify them of any uncorrected 
financial statement misstatements.  

Corrected misstatements  

The following material misstatement detected as a result of audit procedures were corrected 
by management: 

 Capitalization of 2017 bonus compensation was not originally included in the year-end
reconciliations and entries that were performed. An adjusting entry was proposed and
adjusted by management, correcting for this error.

Disagreements with management 

For purposes of this letter, a disagreement with management is a financial accounting, 
reporting, or auditing matter, whether or not resolved to our satisfaction, that could be 
significant to the financial statements or the auditors’ report. No such disagreements arose 
during our audit. 

Management representations 

We have requested certain representations from management that are included in the 
management representation letter dated June 28, 2018. 

Management consultations with other independent accountants 

In some cases, management may decide to consult with other accountants about auditing and 
accounting matters, similar to obtaining a “second opinion” on certain situations. If a 
consultation involves application of an accounting principle to Species360’s financial 
statements or a determination of the type of auditors’ opinion that may be expressed on those 
statements, our professional standards require the consulting accountant to check with us to 
determine that the consultant has all the relevant facts. To our knowledge, there were no such 
consultations with other accountants. 

Significant issues discussed with management prior to engagement 

We generally discuss a variety of matters, including the application of accounting principles 
and auditing standards, with management each year prior to engagement as Species360’s 
auditors. During 2017, we presented management with our formal audit plan and we 
discussed the following matters: amortization of ZIMS Software Development costs and 
revenue recognition. The result of those discussions was not a condition to our engagement. 

Other information in documents containing audited financial statements 

Our auditors’ opinion, the audited financial statements, and the notes to the financial 
statements should only be used in their entirety. Inclusion of the audited financial statements 
in a document you prepare, such as an annual report, should be done only with our prior 
approval and review of the document. 
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Board of Trustees and Management 
Species360 
Page 3 
Other audit findings or issues 

We have provided a separate letter to you dated June 28, 2018, communicating internal 
control related matters identified during the audit. 

* * *

This communication is intended solely for the information and use of the board of trustees and 
management of Species360, and is not intended to be, and should not be, used by anyone 
other than these specified parties. 

CliftonLarsonAllen LLP 

Minneapolis, Minnesota 
June 28, 2018 
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2018 Q3 Conference Call
FINANCE

FOR APPROVAL 

2017 
CHARITABLE ORGANIZATION ANNUAL REPORT FORM 

STATE OF MINNESOTA 

PROPOSED BOARD ACTION 

Species360 is required annually to file a Charitable Organization Report with the State of Minnesota to 

maintain its charitable organization status to solicit contributions in Minnesota. The report can be 

found on the following pages. The filing of the MN Charitable Organization Report will include the 2017 

IRS Form 990 and 2017 Species360 Audited Financial Statements as attachments. 

The 2017 IRS Form 990 will be filed following the July Board Meeting and will be available for public 

inspection.  

Motion: 

The Species360 Board of Directors, on this day, July 24, 2018, approve of the contents of the 2017 State of 

Minnesota Charitable Organization Annual Report, and do hereby certify that Species360 Directors has 

assumed, and will continue to assume responsibility for determining matters of policy, and have 

supervised, and will continue to supervise, the finances of the organization. We further state that the 

information supplied is true, correct and complete to the best of our knowledge. 

2018 Q3 Conference Call Packet – Pre-Read Material 
28



785471  04-01-17

C2

Website Address:

Legal Name of Organization

Federal EIN: Fiscal Year-End:

Mailing Address: Physical Address:

www.ag.state.mn.us/charity

Minnesota Attorney General's Office

Charities Division

445 Minnesota Street, Suite 1200

St. Paul, MN 55101-2130

(Pursuant to Minn. Stat. ch. 309)

mm/dd/yyyy

Did the organization's fiscal year-end change? Yes No

Contact Person

Street Address Street Address

City, State, and ZIP Code City, State, and ZIP Code

Phone Number Phone Number

Email Address Email Address

1.

2.

3.

4.

5.

6.

7.

Organization's website:

List all of the organization's alternate and former names (attach list if more space is needed).

Alternate Former

Alternate Former

List all names under which the organization solicits contributions (attach list if more space is needed).

Is the organization incorporated pursuant to Minn. Stat. ch. 317A? Yes No

Total amount of contributions the organization received from Minnesota donors: $

Has the organization's tax-exempt status with the IRS changed?

Yes No If yes, attach explanation.

Has the organization significantly changed its purpose(s) or program(s)?

Yes No If yes, attach explanation.

Mail To:

SECTION A: Organization Information

STATE OF MINNESOTA

CHARITABLE ORGANIZATION
ANNUAL REPORT FORM

   

   
   

   

   

   

SPECIES360

41-1637575 12312017

X

KEITH D. OLSON KEITH D. OLSON

7900 INTERNATIONAL DRIVE #1040

BLOOMINGTON, MN  55425 BLOOMINGTON, MN   55425

952-223-8034 952-223-8034

KEITH.OLSON@SPECIES360.ORG KEITH.OLSON@SPECIES360.ORG

WWW.SPECIES360.ORG

SPECIES360

X

7,000.

X

X

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 2

Contact Person
7900 INTERNATIONAL DRIVE #1040
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785472  04-01-17

C2

Note:

Name and title Compensation* Other compensation

See

8.

9.

10.

11.

Has the organization been denied the right to solicit contributions by any court or government agency?

Yes No If yes, attach explanation.

Does the organization use the services of a professional fundraiser (outside solicitor or consultant) to

solicit contributions in Minnesota? Yes No

If yes, provide the following information for each (attach list if more space is needed):

Name of Professional Fundraiser Compensation

Street Address City, State, and ZIP Code

Is the organization a food shelf? Yes No

If yes, is the organization required to file an audit? Yes, audit attached No

 An organization that has total revenue of more than $750,000 is required to file an audit prepared in

accordance with generally accepted accounting principles by an independent CPA or LPA. The value of

donated food to a nonprofit food shelf may be excluded from the total revenue if the food is donated for

subsequent distribution at no charge and is not resold.

Do any directors, officers, or employees of the organization or its related organization(s) receive total

compensation* of more than $100,000? Yes No

If yes, provide the following information for the five highest paid individuals:

*Compensation is defined as the total amount reported on Form W-2 (Box 5) or Form 1099-MISC (Box 7)

issued by the organization and its related organizations to the individual.  Minn. Stat. ¤ 309.53, subd.

3(i) and Minn. Stat. ¤ 317A.011 for definitions.

CHARITABLE ORGANIZATION ANNUAL REPORT FORM
(Continued)

   

   

   
   

   

X

X

X

X

JAMES GUENTER
CEO, EX-OFFICIO TRUSTEE 325,271. 44,368.
DOUG VERDUZCO
CIO 229,179. 40,891.
J. PETER DONLON
DIRECTOR, GLOBAL MEMBER D 227,390. 42,196.
MIKE KELLY
SOFTWARE ENGINEER 102,241. 27,596.
PATTI POLUM
SCRUM MASTER 104,157. 22,403.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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785473  04-01-17

C2

5. $ 5

9

10

14

18

9.

10.

$

$

14. $

18. $

$

This section must be completed by organizations that file an IRS Form 990-EZ, 990-PF, or 990-N.

Organizations that file an IRS Form 990 may skip Section B and go directly to Section C.

1.

2.

3.

4.

Contributions Received $

$

$

$

1

2

3

4

6

7

8

11

12

13

15

16

17

Government Grants

Program Service Revenue

Other Revenue

6.

7.

8.

Program Expenses $

$

$

Management & General Expenses

Fund-raising Expenses

(Line 5 minus Line 9)

11.

12.

13.

Cash $

$

$

Land, Buildings & Equipment

Other Assets

15.

16.

17.

Accounts Payable $

$

$

Grants Payable

Other Liabilities

(Line 14 minus Line 18)

TOTAL INCOME

TOTAL EXPENSES

EXCESS or DEFICIT

TOTAL ASSETS

TOTAL LIABILITIES

CHARITABLE ORGANIZATION ANNUAL REPORT FORM
(Continued)

SECTION B: Financial Information

INCOME

EXPENSES

ASSETS

LIABILITIES

FUND BALANCE/NET WORTH

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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785474  04-01-17

Total functional expenses.

C2

(A) (B) (C) (D)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

a.

b.

c.

d.

e.

f.

g.

a.

b.

c.

d.

Joint costs.

Grants and other assistance to individuals in the U.S.

Compensation not included above, to disqualified

persons (as defined under section 4958(f)(1) and

persons described in section 4958(c)(3)(B)

 (include section

401(k) and section 403(b) employer contributions)

 Add lines 1 through 24d

This expense statement must be prepared in accordance with generally accepted accounting principles. Each column must be completed, and
Columns B, C, and D must equal Column A. The amount on Line 25, Column A must match Line 17 of IRS Form 990-EZ or Line 26 of IRS Form 990-PF.

Total expenses Program service
expenses

Management and
general expenses

Fundraising
expenses

Grants and other assistance to governments

and organizations in the U.S.

Grants and other assistance to governments,

organizations, and individuals outside the U.S.

Benefits paid to or for members

Compensation of current officers, directors,

trustees, and key employees

Other salaries and wages

Pension plan contributions

Other employee benefits

Payroll taxes

Fees for services (non-employees):

Management

Legal

Accounting

Lobbying

Professional fundraising services

Investment management fees

Other

Advertising and promotion

Office expenses

Information technology

Royalties

Occupancy

Travel

Payments of travel or entertainment expenses

for any federal, state, or local public officials

Conferences, conventions, and meetings

Interest

Payments to affiliates

Depreciation, depletion, and amortization

Insurance

Other expenses. Itemize expenses not covered

above. Expenses labeled miscellaneous may

not exceed 5% of total expenses (Line 25).

 Check here | if following
SOP 98-2. Complete this line only if the organi-
zation reported in Column B joint costs from a
combined educational campaign and
fundraising solicitation

CHARITABLE ORGANIZATION ANNUAL REPORT FORM
(Continued)

Section B (continued): Statement of Functional Expenses
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785475  04-01-17

C2

See
The form must be executed pursuant to a resolution of the board of directors, trustees, or managing group and

must be signed by two officers of the organization.  Minn. Stat. ¤ 309.52, subd. 3.

We, the undersigned, state and acknowledge that we are duly constituted officers of this organization, being the

(Title) and (Title) respectively, and

that we execute this document on behalf of the organization pursuant to the resolution of the

(Board of Directors, Trustees, or Managing Group) adopted on the

day of , 20 ,  approving the contents of the document, and do hereby certify that the

(Board of Directors, Trustees, or Managing Group) has assumed, and will continue

to assume, responsibility for determining matters of policy, and have supervised, and will continue to supervise, the operations and finances of the

organization. We further state that the information supplied is true, correct and complete to the best of our knowledge.

Name (Print) Name (Print)

Signature Signature

Title Title

Date Date

CHARITABLE ORGANIZATION ANNUAL REPORT FORM
(Continued)

Section C: Board of Directors Signatures and Acknowledgment

JAMES GUENTER PAULA BROCK

CHIEF EXECUTIVE OFFICER TREASURER

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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Department of the Treasury
Internal Revenue Service
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return
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Are all subordinates included? 

732001  11-28-17
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Use Only

Under section 501(c), 527, or 4947(a)(1) of the Internal Revenue Code (except private foundations)

|  Do not enter social security numbers on this form as it may be made public. Open to Public 
Inspection|  Go to www.irs.gov/Form990 for instructions and the latest information.
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Under penalties of perjury, I declare that I have examined this return, including accompanying schedules and statements, and to the best of my knowledge and belief, it is

true, correct, and complete. Declaration of preparer (other than officer) is based on all information of which preparer has any knowledge.

Signature of officer Date

Type or print name and title

Date PTINPrint/Type preparer's name Preparer's signature

Firm's name Firm's EIN

Firm's address

Phone no.

 

Form

Name of organization

Doing business as

Number and street Telephone number

City or town, state or province, country, and ZIP or foreign postal code

Is this a group return 

for subordinates?Name and address of principal officer: ~~

If "No," attach a list. (see instructions)

Group exemption number  |

Tax-exempt status:

Briefly describe the organization's mission or most significant activities:

Check this box if the organization discontinued its operations or disposed of more than 25% of its net assets.

Number of voting members of the governing body (Part VI, line 1a)

Number of independent voting members of the governing body (Part VI, line 1b)

Total number of individuals employed in calendar year 2017 (Part V, line 2a)

~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~

Total number of volunteers (estimate if necessary)

Total unrelated business revenue from Part VIII, column (C), line 12

Net unrelated business taxable income from Form 990-T, line 34

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~

����������������������

Contributions and grants (Part VIII, line 1h) ~~~~~~~~~~~~~~~~~~~~~

Program service revenue (Part VIII, line 2g) ~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~Investment income (Part VIII, column (A), lines 3, 4, and 7d)

Other revenue (Part VIII, column (A), lines 5, 6d, 8c, 9c, 10c, and 11e) ~~~~~~~~

Total revenue - add lines 8 through 11 (must equal Part VIII, column (A), line 12) ���

Grants and similar amounts paid (Part IX, column (A), lines 1-3)

Benefits paid to or for members (Part IX, column (A), line 4)

Salaries, other compensation, employee benefits (Part IX, column (A), lines 5-10)

~~~~~~~~~~~

~~~~~~~~~~~~~

~~~

Professional fundraising fees (Part IX, column (A), line 11e)

Total fundraising expenses (Part IX, column (D), line 25)

~~~~~~~~~~~~~~

Other expenses (Part IX, column (A), lines 11a-11d, 11f-24e)

Total expenses. Add lines 13-17 (must equal Part IX, column (A), line 25)

Revenue less expenses. Subtract line 18 from line 12

~~~~~~~~~~~~~

~~~~~~~

����������������

Total assets (Part X, line 16)

Total liabilities (Part X, line 26)

Net assets or fund balances. Subtract line 21 from line 20

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~

��������������

May the IRS discuss this return with the preparer shown above? (see instructions) ���������������������

LHA Form (2017)

Part I Summary

Signature BlockPart II
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SPECIES360
41-1637575

7900 INTERNATIONAL DRIVE, SUITE 1040 952-223-8034
5,490,170.

BLOOMINGTON, MN  55425
JAMES GUENTER X

SAME AS C ABOVE
X

WWW.SPECIES360.ORG
X 1988 MN

FACILITATE INTERNATIONAL
COLLABORATION IN THE COLLECTION AND SHARING OF KNOWLEDGE ON ANIMALS

21
20
29
38
0.
0.

70,428. 246,263.
5,372,967. 5,242,291.

450. 103.
206. 1,513.

5,444,051. 5,490,170.
0. 0.
0. 0.

3,336,365. 3,053,270.
0. 0.

0.
3,668,652. 2,488,143.
7,005,017. 5,541,413.

-1,560,966. -51,243.

6,992,383. 6,286,082.
3,204,070. 2,549,012.
3,788,313. 3,737,070.

JAMES GUENTER, CHIEF EXECUTIVE OFFICER

DEIRDRE HODGSON P01484710
CLIFTONLARSONALLEN LLP 41-0746749
220 SOUTH SIXTH STREET, SUITE 300
MINNEAPOLIS, MN 55402 612-376-4500

X

SEE SCHEDULE O FOR ORGANIZATION MISSION STATEMENT CONTINUATION 135



Code: Expenses $ including grants of $ Revenue $

Code: Expenses $ including grants of $ Revenue $

Code: Expenses $ including grants of $ Revenue $

Expenses $ including grants of $ Revenue $
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1

2

3

4

Yes No

Yes No

4a

4b

4c

4d

4e

 

Form 990 (2017) Page 

Check if Schedule O contains a response or note to any line in this Part III ����������������������������

Briefly describe the organization's mission:

Did the organization undertake any significant program services during the year which were not listed on the

prior Form 990 or 990-EZ?

If "Yes," describe these new services on Schedule O.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization cease conducting, or make significant changes in how it conducts, any program services?

If "Yes," describe these changes on Schedule O.

~~~~~~

Describe the organization's program service accomplishments for each of its three largest program services, as measured by expenses.

Section 501(c)(3) and 501(c)(4) organizations are required to report the amount of grants and allocations to others, the total expenses, and

revenue, if any, for each program service reported.

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

Other program services (Describe in Schedule O.)

( ) ( )

Total program service expenses |

Form (2017)

2
Statement of Program Service AccomplishmentsPart III

990

 

   

   

SPECIES360 41-1637575

X

SPECIES360 IS AN INTERNATIONAL INFORMATION SERVICE ORGANIZATION THAT
PROVIDES ANIMAL INVENTORY, VETERINARY MEDIAL RECORDS, AND COLLECTION
PLANNING INFORMATION SERVICES FOR ZOOLOGICAL ORGANIZATIONS WORLDWIDE.
SPECIES360 SERVES AS THE CUSTODIAN FOR A POOLED KNOWLEDGE BASE OF

X

X

4,416,640. 0. 5,242,291.
OUR 2017 OPERATIONS CONTINUE TO BE FOCUSED ON ENGAGING IN ASSISTING AND
CONTRIBUTING TO THE SUPPORT OF EXCLUSIVELY SCIENTIFIC, EDUCATIONAL AND
CONSERVATION ACTIVITIES AND PROJECTS. THESE ACTIVITIES INCLUDE THE
CONTINUED DEVELOPMENT OF NEW ZIMS FEATURES AND MODULES, MAINTENANCE OF
THE ZIMS SOFTWARE, AND SUPPORT OF OUR MEMBERS WITH TECHNICAL ADVICE AND
TRAINING SERVICES. SPECIES360 DATA ALSO SERVES ANIMAL CARE AND
CONSERVATION SCIENCES. OUR INTERNAL SCIENCE TEAM DEVELOPS CRITICAL
RELATED SCIENCE AND SUPPORTS OTHER RESEARCHERS WITH DATA AND ANALYTICAL
SERVICES. INCREASED THE NUMBER OF MEMBERS BY 63 AND THE IMPACT OF
GLOBAL INFORMATION COLLABORATION.

4,416,640.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 2 236
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Yes No

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

1

2

3

4

5

6

7

8

9

10

Section 501(c)(3) organizations.

a

b

c

d

e

f

a

b

11a

11b

11c

11d

11e

11f

12a

12b

13

14a

14b

15

16

17

18

19

a

b

If "Yes," complete Schedule A
Schedule B, Schedule of Contributors

If "Yes," complete Schedule C, Part I

If "Yes," complete Schedule C, Part II

If "Yes," complete Schedule C, Part III

If "Yes," complete Schedule D, Part I

If "Yes," complete Schedule D, Part II
If "Yes," complete

Schedule D, Part III

If "Yes," complete Schedule D, Part IV

If "Yes," complete Schedule D, Part V

If "Yes," complete Schedule D,
Part VI

If "Yes," complete Schedule D, Part VII

If "Yes," complete Schedule D, Part VIII

If "Yes," complete Schedule D, Part IX
If "Yes," complete Schedule D, Part X

If "Yes," complete Schedule D, Part X
If "Yes," complete

Schedule D, Parts XI and XII

If "Yes," and if the organization answered "No" to line 12a, then completing Schedule D, Parts XI and XII is optional
If "Yes," complete Schedule E

If "Yes," complete Schedule F, Parts I and IV

If "Yes," complete Schedule F, Parts II and IV

If "Yes," complete Schedule F, Parts III and IV

If "Yes," complete Schedule G, Part I

If "Yes," complete Schedule G, Part II
If "Yes,"

complete Schedule G, Part III

Form 990 (2017) Page 

Is the organization described in section 501(c)(3) or 4947(a)(1) (other than a private foundation)?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Is the organization required to complete ?

Did the organization engage in direct or indirect political campaign activities on behalf of or in opposition to candidates for

public office? 

~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

 Did the organization engage in lobbying activities, or have a section 501(h) election in effect

during the tax year? 

Is the organization a section 501(c)(4), 501(c)(5), or 501(c)(6) organization that receives membership dues, assessments, or

similar amounts as defined in Revenue Procedure 98-19? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~

Did the organization maintain any donor advised funds or any similar funds or accounts for which donors have the right to

provide advice on the distribution or investment of amounts in such funds or accounts? 

Did the organization receive or hold a conservation easement, including easements to preserve open space,

the environment, historic land areas, or historic structures? 

Did the organization maintain collections of works of art, historical treasures, or other similar assets? 

~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report an amount in Part X, line 21, for escrow or custodial account liability, serve as a custodian for

amounts not listed in Part X; or provide credit counseling, debt management, credit repair, or debt negotiation services?

Did the organization, directly or through a related organization, hold assets in temporarily restricted endowments, permanent

endowments, or quasi-endowments? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~

If the organization's answer to any of the following questions is "Yes," then complete Schedule D, Parts VI, VII, VIII, IX, or X

as applicable.

Did the organization report an amount for land, buildings, and equipment in Part X, line 10? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report an amount for investments - other securities in Part X, line 12 that is 5% or more of its total

assets reported in Part X, line 16? 

Did the organization report an amount for investments - program related in Part X, line 13 that is 5% or more of its total

assets reported in Part X, line 16? 

~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report an amount for other assets in Part X, line 15 that is 5% or more of its total assets reported in

Part X, line 16? 

Did the organization report an amount for other liabilities in Part X, line 25? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~

Did the organization's separate or consolidated financial statements for the tax year include a footnote that addresses

the organization's liability for uncertain tax positions under FIN 48 (ASC 740)? 

Did the organization obtain separate, independent audited financial statements for the tax year? 

~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Was the organization included in consolidated, independent audited financial statements for the tax year?

~~~~~

Is the organization a school described in section 170(b)(1)(A)(ii)? 

Did the organization maintain an office, employees, or agents outside of the United States?

~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~

Did the organization have aggregate revenues or expenses of more than $10,000 from grantmaking, fundraising, business,

investment, and program service activities outside the United States, or aggregate foreign investments valued at $100,000

or more? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report on Part IX, column (A), line 3, more than $5,000 of grants or other assistance to or for any

foreign organization? 

Did the organization report on Part IX, column (A), line 3, more than $5,000 of aggregate grants or other assistance to 

or for foreign individuals? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report a total of more than $15,000 of expenses for professional fundraising services on Part IX,

column (A), lines 6 and 11e? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report more than $15,000 total of fundraising event gross income and contributions on Part VIII, lines

1c and 8a? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report more than $15,000 of gross income from gaming activities on Part VIII, line 9a? 

�����������������������������������������������

Form  (2017)

3
Part IV Checklist of Required Schedules

990

SPECIES360 41-1637575

X
X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X
X

X

X

X

X

X

X

X
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Yes No

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

a

b

20a

20b

21

22

23

24a

24b

24c

24d

25a

25b

26

27

28a

28b

28c

29

30

31

32

33

34

35a

35b

36

37

38

a

b

c

d

a

b

Section 501(c)(3),  501(c)(4), and 501(c)(29) organizations. 

a

b

c

a

b

Section 501(c)(3) organizations. 

Note. 

(continued)

If "Yes," complete Schedule H

If "Yes," complete Schedule I, Parts I and II

If "Yes," complete Schedule I, Parts I and III

If "Yes," complete
Schedule J

If "Yes," answer lines 24b through 24d and complete
Schedule K. If "No", go to line 25a

If "Yes," complete Schedule L, Part I

If "Yes," complete
Schedule L, Part I

 If "Yes,"
complete Schedule L, Part II

If "Yes," complete Schedule L, Part III

If "Yes," complete Schedule L, Part IV
If "Yes," complete Schedule L, Part IV

If "Yes," complete Schedule L, Part IV
If "Yes," complete Schedule M

If "Yes," complete Schedule M

If "Yes," complete Schedule N, Part I
If "Yes," complete

Schedule N, Part II

If "Yes," complete Schedule R, Part I
If "Yes," complete Schedule R, Part II, III, or IV, and 

Part V, line 1

If "Yes," complete Schedule R, Part V, line 2

If "Yes," complete Schedule R, Part V, line 2

If "Yes," complete Schedule R, Part VI

Form 990 (2017) Page 

Did the organization operate one or more hospital facilities? ~~~~~~~~~~~~~~~~

If "Yes" to line 20a, did the organization attach a copy of its audited financial statements to this return? ~~~~~~~~~~

Did the organization report more than $5,000 of grants or other assistance to any domestic organization or

domestic government on Part IX, column (A), line 1? ~~~~~~~~~~~~~~

Did the organization report more than $5,000 of grants or other assistance to or for domestic individuals on

Part IX, column (A), line 2?  ~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization answer "Yes" to Part VII, Section A, line 3, 4, or 5 about compensation of the organization's current

and former officers, directors, trustees, key employees, and highest compensated employees? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization have a tax-exempt bond issue with an outstanding principal amount of more than $100,000 as of the

last day of the year, that was issued after December 31, 2002? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization invest any proceeds of tax-exempt bonds beyond a temporary period exception?

Did the organization maintain an escrow account other than a refunding escrow at any time during the year to defease

any tax-exempt bonds?

Did the organization act as an "on behalf of" issuer for bonds outstanding at any time during the year?

~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~

Did the organization engage in an excess benefit

transaction with a disqualified person during the year? 

Is the organization aware that it engaged in an excess benefit transaction with a disqualified person in a prior year, and

that the transaction has not been reported on any of the organization's prior Forms 990 or 990-EZ? 

~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization report any amount on Part X, line 5, 6, or 22 for receivables from or payables to any current or

former officers, directors, trustees, key employees, highest compensated employees, or disqualified persons?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization provide a grant or other assistance to an officer, director, trustee, key employee, substantial

contributor or employee thereof, a grant selection committee member, or to a 35% controlled entity or family member

of any of these persons? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Was the organization a party to a business transaction with one of the following parties (see Schedule L, Part IV

instructions for applicable filing thresholds, conditions, and exceptions):

A current or former officer, director, trustee, or key employee? ~~~~~~~~~~~

A family member of a current or former officer, director, trustee, or key employee? 

An entity of which a current or former officer, director, trustee, or key employee (or a family member thereof) was an officer,

director, trustee, or direct or indirect owner? 

~~

~~~~~~~~~~~~~~~~~~~~~

Did the organization receive more than $25,000 in non-cash contributions? 

Did the organization receive contributions of art, historical treasures, or other similar assets, or qualified conservation

contributions? 

~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization liquidate, terminate, or dissolve and cease operations?

Did the organization sell, exchange, dispose of, or transfer more than 25% of its net assets? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization own 100% of an entity disregarded as separate from the organization under Regulations

sections 301.7701-2 and 301.7701-3? 

Was the organization related to any tax-exempt or taxable entity? 

~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization have a controlled entity within the meaning of section 512(b)(13)?

If "Yes" to line 35a, did the organization receive any payment from or engage in any transaction with a controlled entity

within the meaning of section 512(b)(13)? 

~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~

Did the organization make any transfers to an exempt non-charitable related organization?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization conduct more than 5% of its activities through an entity that is not a related organization

and that is treated as a partnership for federal income tax purposes? ~~~~~~~~

Did the organization complete Schedule O and provide explanations in Schedule O for Part VI, lines 11b and 19?

All Form 990 filers are required to complete Schedule O �������������������������������

Form  (2017)

4
Part IV Checklist of Required Schedules

990
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X

X

X

X

X

X

X

X

X

X
X

X
X

X

X

X

X

X
X

X

X

X

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 4 438



If "Yes," has it filed a Form 990-T for this year? ~~~~~~~~~~ 
At any time during the calendar year, did the organization have an interest in, or a signature or other authority over, a 
financial account in a foreign country (such as a bank account, securities account, or other financial account)?~~~~~~~ 
If "Yes," enter the name of the foreign country: J
See instructions for filing requirements for FinCEN Form 114, Report of Foreign Bank and Financial Accounts (FBAR).

Was the organization a party to a prohibited tax shelter transaction at any time during the tax year? ~~~~~~~~~~~~ 
Did any taxable party notify the organization that it was or is a party to a prohibited tax shelter transaction?~~~~~~~~~ 
If "Yes," to line 5a or 5b, did the organization file Form 8886-T? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Does the organization have annual gross receipts that are normally greater than $100,000, and did the organization solicit 
any contributions that were not tax deductible as charitable contributions? ~~~~~~~~~~~~~~~~~~~~~~~~ 
If "Yes," did the organization include with every solicitation an express statement that such contributions or gifts

were not tax deductible? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Organizations that may receive deductible contributions under section 170(c).

Did the organization receive a payment in excess of $75 made partly as a contribution and partly for goods and services provided to the payor?

If "Yes," did the organization notify the donor of the value of the goods or services provided? ~~~~~~~~~~~~~~~ 
Did the organization sell, exchange, or otherwise dispose of tangible personal property for which it was required

to file Form 8282? ���������������������������������������������������� 
If "Yes," indicate the number of Forms 8282 filed during the year ~~~~~~~~~~~~~~~~ 7d

Did the organization receive any funds, directly or indirectly, to pay premiums on a personal benefit contract? ~~~~~~~ 
Did the organization, during the year, pay premiums, directly or indirectly, on a personal benefit contract? ~~~~~~~~~ 
If the organization received a contribution of qualified intellectual property, did the organization file Form 8899 as required?~ 
If the organization received a contribution of cars, boats, airplanes, or other vehicles, did the organization file a Form 1098-C?

Sponsoring organizations maintaining donor advised funds. Did a donor advised fund maintained by the 

sponsoring organization have excess business holdings at any time during the year? ~~~~~~~~~~~~~~~~~~~ 
Sponsoring organizations maintaining donor advised funds.

Did the sponsoring organization make any taxable distributions under section 4966? ~~~~~~~~~~~~~~~~~~~ 
Did the sponsoring organization make a distribution to a donor, donor advisor, or related person? ~~~~~~~~~~~~~ 
Section 501(c)(7) organizations. Enter:

Initiation fees and capital contributions included on Part VIII, line 12 ~~~~~~~~~~~~~~~ 10a

Gross receipts, included on Form 990, Part VIII, line 12, for public use of club facilities ~~~~~~ 10b

Section 501(c)(12) organizations. Enter:

Gross income from members or shareholders ~~~~~~~~~~~~~~~~~~~~~~~~~~ 11a

Gross income from other sources (Do not net amounts due or paid to other sources against

732005  11-28-17

 

Yes No

1

2

3

4

5

6

7

a

b

c

1a

1b

1c

a

b

2a

Note. 

2b

3a

3b

4a

5a

5b

5c

6a

6b

7a

7b

7c

7e

7f

7g

7h

8

9a

9b

a

b

a

b

a

b

c

a

b

a

b

c

d

e

f

g

h

8

9

10

11

12

13

14

a

b

a

b

a

b

11b

a

b

Section 4947(a)(1) non-exempt charitable trusts. 12a

12b

Section 501(c)(29) qualified nonprofit health insurance issuers.

Note.

a

b

c

a

b

13a

13b

13c

14a

14b

e-file

If "No," to line 3b, provide an explanation in Schedule O

If "No," provide an explanation in Schedule O

Form  (2017)

Form 990 (2017) Page 

Check if Schedule O contains a response or note to any line in this Part V ���������������������������

Enter the number reported in Box 3 of Form 1096. Enter -0- if not applicable ~~~~~~~~~~~

Enter the number of Forms W-2G included in line 1a. Enter -0- if not applicable ~~~~~~~~~~

Did the organization comply with backup withholding rules for reportable payments to vendors and reportable gaming

(gambling) winnings to prize winners? �������������������������������������������

Enter the number of employees reported on Form W-3, Transmittal of Wage and Tax Statements,

filed for the calendar year ending with or within the year covered by this return ~~~~~~~~~~

If at least one is reported on line 2a, did the organization file all required federal employment tax returns?

If the sum of lines 1a and 2a is greater than 250, you may be required to  (see instructions)

~~~~~~~~~~

~~~~~~~~~~~

Did the organization have unrelated business gross income of $1,000 or more during the year? ~~~~~~~~~~~~~~

amounts due or received from them.) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Is the organization filing Form 990 in lieu of Form 1041?

If "Yes," enter the amount of tax-exempt interest received or accrued during the year ������

Is the organization licensed to issue qualified health plans in more than one state?

 See the instructions for additional information the organization must report on Schedule O.

~~~~~~~~~~~~~~~~~~~~~

Enter the amount of reserves the organization is required to maintain by the states in which the

organization is licensed to issue qualified health plans

Enter the amount of reserves on hand

~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization receive any payments for indoor tanning services during the tax year?

If "Yes," has it filed a Form 720 to report these payments? 

~~~~~~~~~~~~~~~~

����������

5
Part V Statements Regarding Other IRS Filings and Tax Compliance

990

 

SPECIES360 41-1637575

7
0

29
X

X

X

X
X

X

X

X

X
X

X
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Yes No

1a

1b

1

2

3

4

5

6

7

8

9

a

b

2

3

4

5

6

7a

7b

8a

8b

9

a

b

a

b

Yes No

10

11

a

b

10a

10b

11a

12a

12b

12c

13

14

15a

15b

16a

16b

a

b

12a

b

c

13

14

15

a

b

16a

b

17

18

19

20

For each "Yes" response to lines 2 through 7b below, and for a "No" response
to line 8a, 8b, or 10b below, describe the circumstances, processes, or changes in Schedule O. See instructions.

If "Yes," provide the names and addresses in Schedule O
(This Section B requests information about policies not required by the Internal Revenue Code.)

If "No," go to line 13

If "Yes," describe
in Schedule O how this was done

 (explain in Schedule O)

If there are material differences in voting rights among members of the governing body, or if the governing

body delegated broad authority to an executive committee or similar committee, explain in Schedule O.

Did the organization contemporaneously document the meetings held or written actions undertaken during the year by the following:

Were officers, directors, or trustees, and key employees required to disclose annually interests that could give rise to conflicts?

Form  (2017)

Form 990 (2017) Page 

Check if Schedule O contains a response or note to any line in this Part VI ���������������������������

Enter the number of voting members of the governing body at the end of the tax year

Enter the number of voting members included in line 1a, above, who are independent

~~~~~~

~~~~~~

Did any officer, director, trustee, or key employee have a family relationship or a business relationship with any other

officer, director, trustee, or key employee? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization delegate control over management duties customarily performed by or under the direct supervision

of officers, directors, or trustees, or key employees to a management company or other person? ~~~~~~~~~~~~~~

Did the organization make any significant changes to its governing documents since the prior Form 990 was filed?

Did the organization become aware during the year of a significant diversion of the organization's assets?

Did the organization have members or stockholders?

~~~~~

~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization have members, stockholders, or other persons who had the power to elect or appoint one or

more members of the governing body?

Are any governance decisions of the organization reserved to (or subject to approval by) members, stockholders, or

persons other than the governing body?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The governing body?

Each committee with authority to act on behalf of the governing body?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

Is there any officer, director, trustee, or key employee listed in Part VII, Section A, who cannot be reached at the

organization's mailing address? �����������������

Did the organization have local chapters, branches, or affiliates?

If "Yes," did the organization have written policies and procedures governing the activities of such chapters, affiliates,

and branches to ensure their operations are consistent with the organization's exempt purposes?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~

Has the organization provided a complete copy of this Form 990 to all members of its governing body before filing the form?

Describe in Schedule O the process, if any, used by the organization to review this Form 990.

Did the organization have a written conflict of interest policy? ~~~~~~~~~~~~~~~~~~~~

~~~~~~

Did the organization regularly and consistently monitor and enforce compliance with the policy? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization have a written whistleblower policy?

Did the organization have a written document retention and destruction policy?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~

Did the process for determining compensation of the following persons include a review and approval by independent

persons, comparability data, and contemporaneous substantiation of the deliberation and decision?

The organization's CEO, Executive Director, or top management official

Other officers or key employees of the organization

If "Yes" to line 15a or 15b, describe the process in Schedule O (see instructions).

~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization invest in, contribute assets to, or participate in a joint venture or similar arrangement with a

taxable entity during the year? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

If "Yes," did the organization follow a written policy or procedure requiring the organization to evaluate its participation

in joint venture arrangements under applicable federal tax law, and take steps to safeguard the organization's

exempt status with respect to such arrangements? ������������������������������������

List the states with which a copy of this Form 990 is required to be filed 

Section 6104 requires an organization to make its Forms 1023 (or 1024 if applicable), 990, and 990-T (Section 501(c)(3)s only) available

for public inspection. Indicate how you made these available. Check all that apply.

Own website Another's website Upon request Other

Describe in Schedule O whether (and if so, how) the organization made its governing documents, conflict of interest policy, and financial

statements available to the public during the tax year.

State the name, address, and telephone number of the person who possesses the organization's books and records: |

6
Part VI Governance, Management, and Disclosure 

Section A. Governing Body and Management

Section B. Policies 

Section C. Disclosure

990

 

J

       

SPECIES360 41-1637575

X

21

20

X

X
X
X

X

X

X

X
X

X

X

X

X
X

X
X
X

X
X

X

MN

X

KEITH D. OLSON - 952-223-8034
7900 INTERNATIONAL DRIVE SUITE 1040, BLOOMINGTON, MN  55425

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 6 640



In
di

vi
du

al
 tr

us
te

e 
or

 d
ire

ct
or

In
st

itu
tio

na
l t

ru
st

ee

O
ffi

ce
r

Ke
y 

em
pl

oy
ee

H
ig

he
st

 c
om

pe
ns

at
ed

em
pl

oy
ee

Fo
rm

er

(do not check more than one
box, unless person is both an
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 current

 

Section A. Officers, Directors, Trustees, Key Employees, and Highest Compensated Employees

1a  

current 

current 

former 

former directors or trustees 

(A) (B) (C) (D) (E) (F)

 

Form 990 (2017) Page 

Check if Schedule O contains a response or note to any line in this Part VII ���������������������������

Complete this table for all persons required to be listed. Report compensation for the calendar year ending with or within the organization's tax year.

¥ List all of the organization's officers, directors, trustees (whether individuals or organizations), regardless of amount of compensation.
Enter -0- in columns (D), (E), and (F) if no compensation was paid.

¥ List all of the organization's key employees, if any. See instructions for definition of "key employee."
¥ List the organization's five  highest compensated employees (other than an officer, director, trustee, or key employee) who received report-

able compensation (Box 5 of Form W-2 and/or Box 7 of Form 1099-MISC) of more than $100,000 from the organization and any related organizations.

¥ List all of the organization's officers, key employees, and highest compensated employees who received more than $100,000 of
reportable compensation from the organization and any related organizations.

¥ List all of the organization's that received, in the capacity as a former director or trustee of the organization,
more than $10,000 of reportable compensation from the organization and any related organizations.

List persons in the following order: individual trustees or directors; institutional trustees; officers; key employees; highest compensated employees; 
and former such persons.

Check this box if neither the organization nor any related organization compensated any current officer, director, or trustee.

PositionName and Title Average 
hours per

week 
(list any

hours for
related

organizations
below
line)

Reportable
compensation

from 
the

organization
(W-2/1099-MISC)

Reportable
compensation
from related

organizations
(W-2/1099-MISC)

Estimated
amount of

other
compensation

from the
organization
and related

organizations

Form (2017)

7
Part VII Compensation of Officers, Directors, Trustees, Key Employees, Highest Compensated

Employees, and Independent Contractors

990

 

 

SPECIES360 41-1637575

(1) JONATHAN WILCKEN 3.00
CHAIR X X 0. 0. 0.
(2) PHIL FROST 3.00
VICE CHAIR X X 0. 0. 0.
(3) DR. BRYAN CARROL 3.00
SECRETARY X X 0. 0. 0.
(4) PAULA BROCK 3.00
TREASURER X X 0. 0. 0.
(5) RASEM BABAN 2.00
ELECTED INSTITUTIONAL TRUSTEE X 0. 0. 0.
(6) DR. ONNIE BYERS 2.00
INDIVIDUAL TRUSTEE X 0. 0. 0.
(7) PAUL CALLE 2.00
ELECTED INSTITUTIONAL TRUSTEE X 0. 0. 0.
(8) FRANDS CARLSEN 2.00
INDIVIDUAL TRUSTEE X 0. 0. 0.
(9) RODOLFO RAIGOZA FIGUERAS 2.00
ELECTED INSTITUTIONAL TRUSTEE X 0. 0. 0.
(10) JIM FLESHMAN 2.00
INDIVIDUAL TRUSTEE -PAST CHAIR X 0. 0. 0.
(11) MYFANWY GRIFFITH 2.00
PERMANENT MEMBER ASSOCIATION X 0. 0. 0.
(12) LINDA HATFIELD 2.00
INDIVIDUAL TRUSTEE X 0. 0. 0.
(13) DR. CLEMENT LANTHIER 2.00
ELECTED INSTITUTIONAL TRUSTEE X 0. 0. 0.
(14) DR. ARNE LAWRENZ 2.00
ELECTED INSTITUTIONAL TRUSTEE X 0. 0. 0.
(15) DR. ETSUO NARUSHIMA 2.00
ELECTED MEMBER ASSOCIATION X 0. 0. 0.
(16) DR. CLIFFORD NXOMANI 2.00
ELECTED MEMBER ASSOCIATION X 0. 0. 0.
(17) DR. D.N. SINGH 2.00
PERMANENT MEMBER ASSOCIATION X 0. 0. 0.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 7 741
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(do not check more than one
box, unless person is both an
officer and a director/trustee)

732008  11-28-17

 

Section A. Officers, Directors, Trustees, Key Employees, and Highest Compensated Employees 

(B) (C)(A) (D) (E) (F)

1b

c

d

Sub-total

Total from continuation sheets to Part VII, Section A

Total (add lines 1b and 1c)

2

Yes No

3

4

5

former 

3

4

5

Section B. Independent Contractors

1

(A) (B) (C)

2

(continued)

If "Yes," complete Schedule J for such individual

If "Yes," complete Schedule J for such individual

If "Yes," complete Schedule J for such person

Page Form 990 (2017)

PositionAverage 
hours per

week
(list any

hours for
related

organizations
below
line)

Name and title Reportable
compensation

from 
the

organization
(W-2/1099-MISC)

Reportable
compensation
from related

organizations
(W-2/1099-MISC)

Estimated
amount of

other
compensation

from the
organization
and related

organizations

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ |

~~~~~~~~~~ |

������������������������ |

Total number of individuals (including but not limited to those listed above) who received more than $100,000 of reportable

compensation from the organization |

Did the organization list any officer, director, or trustee, key employee, or highest compensated employee on

line 1a? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

For any individual listed on line 1a, is the sum of reportable compensation and other compensation from the organization

and related organizations greater than $150,000? ~~~~~~~~~~~~~

Did any person listed on line 1a receive or accrue compensation from any unrelated organization or individual for services

rendered to the organization? ������������������������

Complete this table for your five highest compensated independent contractors that received more than $100,000 of compensation from 

the organization. Report compensation for the calendar year ending with or within the organization's tax year.

Name and business address Description of services Compensation

Total number of independent contractors (including but not limited to those listed above) who received more than

$100,000 of compensation from the organization |

Form  (2017)

8
Part VII

990

SPECIES360 41-1637575

(18) KRIS VEHRS 2.00
INDIVIDUAL TRUSTEE X 0. 0. 0.
(19) DR. CHENG WEN-HAURCHENG 2.00
INDIVIDUAL TRUSTEE X 0. 0. 0.
(20) DR. ROBERT J. WIESE 2.00
PERMANENT MEMBER ASSOCIATION X 0. 0. 0.
(21) JAMES GUENTER 40.00
CEO, EX-OFFICIO TRUSTEE X X 325,271. 0. 44,368.
(22) KEITH D. OLSON 32.00
DIRECTOR OF FINANCE X 82,714. 0. 6,938.
(23) PEGGY KLUG 40.00
EX-DIRECTOR OF FINANCE X 74,519. 0. 4,038.
(24) DOUG VERDUZCO 40.00
CIO X 229,179. 0. 40,891.
(25) J. PETER DONLON 40.00
DIRECTOR, GLOBAL MEMBER DE X 227,390. 0. 42,196.
(26) PATTI POLUM 40.00
SCRUM MASTER X 104,157. 0. 22,403.

1,043,230. 0. 160,834.
207,514. 0. 44,513.

1,250,744. 0. 205,347.

6

X

X

X

SWORD IT
FAITH SITESI B5 BLOK D:21, ISTANBUL, TURKEY

IT CONTRACTING FIRM
PROVIDES SOFTWARE DE 1,064,708.

UNIVERSITY OF SOUTHERN DENMARK
CAMPUSVEJ 5, 5230 ODENSE, DENMARK

CONTRACT FOR
DIRECTOR OF SCIENCE 117,082.

2
SEE PART VII, SECTION A CONTINUATION SHEETS

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 8 842
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732201
04-01-17

Section A. Officers, Directors, Trustees, Key Employees, and Highest Compensated Employees 

(A) (B) (C) (D) (E) (F)

(continued)
Form 990

Name and title Average 
hours 

per 
week

(list any
hours for
related

organizations
below
line)

Position 
(check all that apply)

Reportable
compensation

from 
the

organization
(W-2/1099-MISC)

Reportable
compensation
from related

organizations
(W-2/1099-MISC)

Estimated
amount of

other
compensation

from the
organization
and related

organizations

Total to Part VII, Section A, line 1c �������������������������

Part VII

SPECIES360 41-1637575

(27) LAURA GUCHER 40.00
SOFTWARE ENGINEER X 105,273. 0. 16,917.
(28) MIKE KELLY 40.00
SOFTWARE ENGINEER X 102,241. 0. 27,596.

207,514. 44,513.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 9 943



Noncash contributions included in lines 1a-1f: $

732009  11-28-17

Total revenue. 

 

(A) (B) (C) (D)

1 a

b

c

d

e

f

g

h

1

1

1

1

1

1

a

b

c

d

e

f

C
o

n
tr

ib
u

ti
o

n
s

, 
G

if
ts

, 
G

ra
n

ts
a

n
d

 O
th

e
r 

S
im

il
a

r 
A

m
o

u
n

ts

Total. 

Business Code

a

b

c

d

e

f

g

2

P
ro

g
ra

m
 S

e
rv

ic
e

R
e

ve
n

u
e

Total. 

3

4

5

6 a

b

c

d

a

b

c

d

7

a

b

c

8

a

b

9 a

b

c

a

b

10 a

b

c

a

b

Business Code

11 a

b

c

d

e Total. 

O
th

e
r 

R
e

ve
n

u
e

12

Revenue excluded
from tax under

sections
512 - 514

All other contributions, gifts, grants, and

similar amounts not included above

See instructions.

Form  (2017)

Page Form 990 (2017)

Check if Schedule O contains a response or note to any line in this Part VIII �������������������������

Total revenue Related or
exempt function

revenue

Unrelated
business
revenue

Federated campaigns

Membership dues

~~~~~~

~~~~~~~~

Fundraising events

Related organizations

~~~~~~~~

~~~~~~

Government grants (contributions)

~~

Add lines 1a-1f ����������������� |

All other program service revenue ~~~~~

Add lines 2a-2f ����������������� |

Investment income (including dividends, interest, and

other similar amounts)

Income from investment of tax-exempt bond proceeds

~~~~~~~~~~~~~~~~~ |

|

Royalties ����������������������� |

(i) Real (ii) Personal

Gross rents

Less: rental expenses

Rental income or (loss)

Net rental income or (loss)

~~~~~~~

~~~

~~

�������������� |

Gross amount from sales of

assets other than inventory

(i) Securities (ii) Other

Less: cost or other basis

and sales expenses

Gain or (loss)

~~~

~~~~~~~

Net gain or (loss) ������������������� |

Gross income from fundraising events (not

including $ of

contributions reported on line 1c). See

Part IV, line 18 ~~~~~~~~~~~~~

Less: direct expenses~~~~~~~~~~

Net income or (loss) from fundraising events ����� |

Gross income from gaming activities. See

Part IV, line 19 ~~~~~~~~~~~~~

Less: direct expenses

Net income or (loss) from gaming activities

~~~~~~~~~

������ |

Gross sales of inventory, less returns

and allowances ~~~~~~~~~~~~~

Less: cost of goods sold

Net income or (loss) from sales of inventory

~~~~~~~~

������ |

Miscellaneous Revenue

All other revenue ~~~~~~~~~~~~~

Add lines 11a-11d ~~~~~~~~~~~~~~~ |

|�������������

9
Part VIII Statement of Revenue

990

 

SPECIES360 41-1637575

99,672.

146,591.

246,263.

PROGRAM SERVICES FEES 541700 5,242,291.5,242,291.

5,242,291.

103. 103.

MISCELLANEOUS INCOME 541700 1,513. 1,513.

1,513.
5,490,170.5,242,291. 0. 1,616.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 10 1044



Check here if following SOP 98-2 (ASC 958-720)

732010  11-28-17

Total functional expenses. 

Joint costs.

 

(A) (B) (C) (D)

1

2

3

4

5

6

7

8

9

10

11

a

b

c

d

e

f

g

12

13

14

15

16

17

18

19

20

21

22

23

24

a

b

c

d

e

25

26

Section 501(c)(3) and 501(c)(4) organizations must complete all columns. All other organizations must complete column (A).

Grants and other assistance to domestic organizations

and domestic governments. See Part IV, line 21

Compensation not included above, to disqualified 

persons (as defined under section 4958(f)(1)) and 

persons described in section 4958(c)(3)(B)

Pension plan accruals and contributions (include

section 401(k) and 403(b) employer contributions)

Professional fundraising services. See Part IV, line 17

(If line 11g amount exceeds 10% of line 25,

column (A) amount, list line 11g expenses on Sch O.)

Other expenses. Itemize expenses not covered 
above. (List miscellaneous expenses in line 24e. If line
24e amount exceeds 10% of line 25, column (A)
amount, list line 24e expenses on Schedule O.)

Add lines 1 through 24e

 Complete this line only if the organization

reported in column (B) joint costs from a combined

educational campaign and fundraising solicitation.

 

Form 990 (2017) Page 

Check if Schedule O contains a response or note to any line in this Part IX ��������������������������

Total expenses Program service
expenses

Management and
general expenses

Fundraising
expenses

~

Grants and other assistance to domestic

individuals. See Part IV, line 22 ~~~~~~~

Grants and other assistance to foreign

organizations, foreign governments, and foreign

individuals. See Part IV, lines 15 and 16 ~~~

Benefits paid to or for members ~~~~~~~

Compensation of current officers, directors,

trustees, and key employees ~~~~~~~~

~~~

Other salaries and wages ~~~~~~~~~~

Other employee benefits ~~~~~~~~~~

Payroll taxes ~~~~~~~~~~~~~~~~

Fees for services (non-employees):

Management

Legal

Accounting

Lobbying

~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~

Investment management fees

Other. 

~~~~~~~~

Advertising and promotion

Office expenses

Information technology

Royalties

~~~~~~~~~

~~~~~~~~~~~~~~~

~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~

Occupancy ~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~Travel

Payments of travel or entertainment expenses

for any federal, state, or local public officials

Conferences, conventions, and meetings ~~

Interest

Payments to affiliates

~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~

Depreciation, depletion, and amortization

Insurance

~~

~~~~~~~~~~~~~~~~~

All other expenses

|

Form (2017)

Do not include amounts reported on lines 6b,

7b, 8b, 9b, and 10b of Part VIII.

10
Part IX Statement of Functional Expenses

990

 

 

SPECIES360 41-1637575

1,077,503. 550,994. 526,509.

1,566,947. 1,305,708. 261,239.

131,152. 98,198. 32,954.
150,264. 129,444. 20,820.
127,404. 84,163. 43,241.

37,953. 28,161. 9,792.
28,691. 28,691.

7,350. 6,773. 577.
8,405. 4,377. 4,028.

30,616. 23,237. 7,379.
135,568. 124,870. 10,698.

129,693. 94,732. 34,961.
92,764. 63,344. 29,420.

86,339. 33,682. 52,657.

1,862,903. 1,851,078. 11,825.
27,386. 13,631. 13,755.

SERVICE FEES 25,024. 39. 24,985.
BAD DEBT 10,000. 10,000.
OTHER EXPENSES 5,451. 4,209. 1,242.

5,541,413. 4,416,640. 1,124,773. 0.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 11 1145
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(A) (B)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

1

2

3

4

5

6

7

8

9

10c

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

a

b

10a

10b

A
s

s
e

ts

Total assets. 

L
ia

b
il

it
ie

s

Total liabilities. 

Organizations that follow SFAS 117 (ASC 958), check here and

complete lines 27 through 29, and lines 33 and 34.

27

28

29

Organizations that do not follow SFAS 117 (ASC 958), check here

and complete lines 30 through 34.

30

31

32

33

34

N
e

t 
A

s
s

e
ts

 o
r 

F
u

n
d

 B
a

la
n

c
e

s

 

Form 990 (2017) Page 

Check if Schedule O contains a response or note to any line in this Part X �����������������������������

Beginning of year End of year

Cash - non-interest-bearing

Savings and temporary cash investments

Pledges and grants receivable, net

~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~

Accounts receivable, net ~~~~~~~~~~~~~~~~~~~~~~~~~~

Loans and other receivables from current and former officers, directors,

trustees, key employees, and highest compensated employees. Complete

Part II of Schedule L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Loans and other receivables from other disqualified persons (as defined under

section 4958(f)(1)), persons described in section 4958(c)(3)(B), and contributing

employers and sponsoring organizations of section 501(c)(9) voluntary

employees' beneficiary organizations (see instr). Complete Part II of Sch L ~~

Notes and loans receivable, net

Inventories for sale or use

Prepaid expenses and deferred charges

~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~

Land, buildings, and equipment: cost or other

basis. Complete Part VI of Schedule D

Less: accumulated depreciation

~~~

~~~~~~

Investments - publicly traded securities

Investments - other securities. See Part IV, line 11

Investments - program-related. See Part IV, line 11

Intangible assets

~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~

~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Other assets. See Part IV, line 11 ~~~~~~~~~~~~~~~~~~~~~~

Add lines 1 through 15 (must equal line 34) ����������

Accounts payable and accrued expenses

Grants payable

Deferred revenue

~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Tax-exempt bond liabilities

Escrow or custodial account liability. Complete Part IV of Schedule D

~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~

Loans and other payables to current and former officers, directors, trustees,

key employees, highest compensated employees, and disqualified persons.

Complete Part II of Schedule L ~~~~~~~~~~~~~~~~~~~~~~~

Secured mortgages and notes payable to unrelated third parties ~~~~~~

Unsecured notes and loans payable to unrelated third parties ~~~~~~~~

Other liabilities (including federal income tax, payables to related third

parties, and other liabilities not included on lines 17-24). Complete Part X of

Schedule D ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Add lines 17 through 25 ������������������

|

Unrestricted net assets

Temporarily restricted net assets

Permanently restricted net assets

~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~

|

Capital stock or trust principal, or current funds

Paid-in or capital surplus, or land, building, or equipment fund

Retained earnings, endowment, accumulated income, or other funds

~~~~~~~~~~~~~~~

~~~~~~~~

~~~~

Total net assets or fund balances ~~~~~~~~~~~~~~~~~~~~~~

Total liabilities and net assets/fund balances ����������������

Form (2017)

11
Balance SheetPart X

990

 

 

 

SPECIES360 41-1637575

1,883,330. 1,719,811.
2,143. 2,246.
34,851. 29,402.

231,669. 42,383.

53,925. 47,395.

13,905,306.
9,460,461. 4,786,465. 4,444,845.

0. 0.
6,992,383. 6,286,082.
480,636. 298,612.

2,610,657. 2,162,138.

112,777. 88,262.
3,204,070. 2,549,012.

X

3,788,313. 3,629,390.
0. 107,680.

3,788,313. 3,737,070.
6,992,383. 6,286,082.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 12 1246
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1

2

3

4

5

6

7

8

9

10

1

2

3

4

5

6

7

8

9

10

Yes No

1

2

3

a

b

c

2a

2b

2c

a

b

3a

3b

 

Form 990 (2017) Page 

Check if Schedule O contains a response or note to any line in this Part XI ���������������������������

Total revenue (must equal Part VIII, column (A), line 12)

Total expenses (must equal Part IX, column (A), line 25)

Revenue less expenses. Subtract line 2 from line 1

Net assets or fund balances at beginning of year (must equal Part X, line 33, column (A))

~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~

Net unrealized gains (losses) on investments

Donated services and use of facilities

Investment expenses

Prior period adjustments

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Other changes in net assets or fund balances (explain in Schedule O)

Net assets or fund balances at end of year. Combine lines 3 through 9 (must equal Part X, line 33,

column (B))

~~~~~~~~~~~~~~~~~~~

�����������������������������������������������

Check if Schedule O contains a response or note to any line in this Part XII ���������������������������

Accounting method used to prepare the Form 990: Cash Accrual Other

If the organization changed its method of accounting from a prior year or checked "Other," explain in Schedule O.

Were the organization's financial statements compiled or reviewed by an independent accountant? ~~~~~~~~~~~~

If "Yes," check a box below to indicate whether the financial statements for the year were compiled or reviewed on a

separate basis, consolidated basis, or both:

Separate basis Consolidated basis Both consolidated and separate basis

Were the organization's financial statements audited by an independent accountant? ~~~~~~~~~~~~~~~~~~~

If "Yes," check a box below to indicate whether the financial statements for the year were audited on a separate basis,

consolidated basis, or both:

Separate basis Consolidated basis Both consolidated and separate basis

If "Yes" to line 2a or 2b, does the organization have a committee that assumes responsibility for oversight of the audit,

review, or compilation of its financial statements and selection of an independent accountant?~~~~~~~~~~~~~~~

If the organization changed either its oversight process or selection process during the tax year, explain in Schedule O.

As a result of a federal award, was the organization required to undergo an audit or audits as set forth in the Single Audit 

Act and OMB Circular A-133? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

If "Yes," did the organization undergo the required audit or audits? If the organization did not undergo the required audit

or audits, explain why in Schedule O and describe any steps taken to undergo such audits ����������������

Form (2017)

12
Part XI Reconciliation of Net Assets

Part XII Financial Statements and Reporting

990

 

 

     

     

     

SPECIES360 41-1637575

5,490,170.
5,541,413.
-51,243.

3,788,313.

0.

3,737,070.

X

X

X

X

X

X

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 13 1347



(iv) Is the organization listed
in your governing document?

OMB No. 1545-0047

Department of the Treasury
Internal Revenue Service

732021  10-06-17

(i) (iii) (v) (vi)(ii) Name of supported

organization

Type of organization 
(described on lines 1-10 
above (see instructions))

Amount of monetary

support (see instructions)

Amount of other

support (see instructions)

EIN    

(Form 990 or 990-EZ)
Complete if the organization is a section 501(c)(3) organization or a section

4947(a)(1) nonexempt charitable trust.
| Attach to Form 990 or Form 990-EZ. 

| Go to www.irs.gov/Form990 for instructions and the latest information.

Open to Public
Inspection

Name of the organization Employer identification number

1

2

3

4

5

6

7

8

9

10

11

12

section 170(b)(1)(A)(i).

section 170(b)(1)(A)(ii).

section 170(b)(1)(A)(iii).

section 170(b)(1)(A)(iii).

section 170(b)(1)(A)(iv). 

section 170(b)(1)(A)(v).

section 170(b)(1)(A)(vi).

section 170(b)(1)(A)(vi).

section 170(b)(1)(A)(ix)

 section 509(a)(2).

section 509(a)(4).

section 509(a)(1) section 509(a)(2) section 509(a)(3).

a

b

c

d

e

f

g

Type I.

You must complete Part IV, Sections A and B.

Type II.

You must complete Part IV, Sections A and C.

Type III functionally integrated.

You must complete Part IV, Sections A, D, and E.

Type III non-functionally integrated.

You must complete Part IV, Sections A and D, and Part V.

Yes No

Total

For Paperwork Reduction Act Notice, see the Instructions for Form 990 or 990-EZ. Schedule A (Form 990 or 990-EZ) 2017

(All organizations must complete this part.) See instructions.

The organization is not a private foundation because it is: (For lines 1 through 12, check only one box.)

A church, convention of churches, or association of churches described in 

A school described in  (Attach Schedule E (Form 990 or 990-EZ).)

A hospital or a cooperative hospital service organization described in 

A medical research organization operated in conjunction with a hospital described in  Enter the hospital's name,

city, and state:

An organization operated for the benefit of a college or university owned or operated by a governmental unit described in

 (Complete Part II.)

A federal, state, or local government or governmental unit described in 

An organization that normally receives a substantial part of its support from a governmental unit or from the general public described in 

 (Complete Part II.)

A community trust described in  (Complete Part II.)

An agricultural research organization described in  operated in conjunction with a land-grant college

or university or a non-land-grant college of agriculture (see instructions). Enter the name, city, and state of the college or

university:

An organization that normally receives: (1) more than 33 1/3% of its support from contributions, membership fees, and gross receipts from 

activities related to its exempt functions - subject to certain exceptions, and (2) no more than 33 1/3% of its support from gross investment 

income and unrelated business taxable income (less section 511 tax) from businesses acquired by the organization after June 30, 1975. 

See  (Complete Part III.)

An organization organized and operated exclusively to test for public safety. See 

An organization organized and operated exclusively for the benefit of, to perform the functions of, or to carry out the purposes of one or 

more publicly supported organizations described in  or . See  Check the box in

lines 12a through 12d that describes the type of supporting organization and complete lines 12e, 12f, and 12g.

 A supporting organization operated, supervised, or controlled by its supported organization(s), typically by giving

the supported organization(s) the power to regularly appoint or elect a majority of the directors or trustees of the supporting

organization. 

 A supporting organization supervised or controlled in connection with its supported organization(s), by having

control or management of the supporting organization vested in the same persons that control or manage the supported

organization(s). 

 A supporting organization operated in connection with, and functionally integrated with,

its supported organization(s) (see instructions). 

 A supporting organization operated in connection with its supported organization(s)

that is not functionally integrated. The organization generally must satisfy a distribution requirement and an attentiveness

requirement (see instructions). 

Check this box if the organization received a written determination from the IRS that it is a Type I, Type II, Type III

functionally integrated, or Type III non-functionally integrated supporting organization.

Enter the number of supported organizations ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Provide the following information about the supported organization(s).

LHA 

SCHEDULE A

Part I Reason for Public Charity Status 

Public Charity Status and Public Support 2017
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Subtract line 5 from line 4.

732022  10-06-17

Calendar year (or fiscal year beginning in) 

Calendar year (or fiscal year beginning in) |

2

(a) (b) (c) (d) (e) (f) 

1

2

3

4

5

Total.

6 Public support. 

(a) (b) (c) (d) (e) (f) 

7

8

9

10

11

12

13

Total support. 

12

First five years. 

stop here

14

15

14

15

16

17

18

a

b

a

b

33 1/3% support test - 2017.  

stop here. 

33 1/3% support test - 2016.  

stop here. 

10% -facts-and-circumstances test - 2017.  

stop here. 

10% -facts-and-circumstances test - 2016.  

stop here. 

Private foundation. 

Schedule A (Form 990 or 990-EZ) 2017

|

Add lines 7 through 10

Schedule A (Form 990 or 990-EZ) 2017 Page 

(Complete only if you checked the box on line 5, 7, or 8 of Part I or if the organization failed to qualify under Part III. If the organization

fails to qualify under the tests listed below, please complete Part III.)

2013 2014 2015 2016 2017 Total

Gifts, grants, contributions, and

membership fees received. (Do not

include any "unusual grants.") ~~

Tax revenues levied for the organ-

ization's benefit and either paid to 

or expended on its behalf ~~~~

The value of services or facilities

furnished by a governmental unit to 

the organization without charge ~

 Add lines 1 through 3 ~~~

The portion of total contributions

by each person (other than a

governmental unit or publicly

supported organization) included

on line 1 that exceeds 2% of the

amount shown on line 11,

column (f) ~~~~~~~~~~~~

2013 2014 2015 2016 2017 Total

Amounts from line 4 ~~~~~~~

Gross income from interest, 

dividends, payments received on 

securities loans, rents, royalties, 

and income from similar sources ~

Net income from unrelated business

activities, whether or not the

business is regularly carried on ~

Other income. Do not include gain

or loss from the sale of capital

assets (Explain in Part VI.) ~~~~

Gross receipts from related activities, etc. (see instructions) ~~~~~~~~~~~~~~~~~~~~~~~

If the Form 990 is for the organization's first, second, third, fourth, or fifth tax year as a section 501(c)(3)

organization, check this box and ��������������������������������������������� |

~~~~~~~~~~~~Public support percentage for 2017 (line 6, column (f) divided by line 11, column (f))

Public support percentage from 2016 Schedule A, Part II, line 14

%

%~~~~~~~~~~~~~~~~~~~~~

If the organization did not check the box on line 13, and line 14 is 33 1/3% or more, check this box and

The organization qualifies as a publicly supported organization ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ |

If the organization did not check a box on line 13 or 16a, and line 15 is 33 1/3% or more, check this box

and The organization qualifies as a publicly supported organization ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ |

If the organization did not check a box on line 13, 16a, or 16b, and line 14 is 10% or more,

and if the organization meets the "facts-and-circumstances" test, check this box and Explain in Part VI how the organization

meets the "facts-and-circumstances" test. The organization qualifies as a publicly supported organization ~~~~~~~~~~~~~~~ |

If the organization did not check a box on line 13, 16a, 16b, or 17a, and line 15 is 10% or

more, and if the organization meets the "facts-and-circumstances" test, check this box and Explain in Part VI how the

organization meets the "facts-and-circumstances" test. The organization qualifies as a publicly supported organization ~~~~~~~~ |

If the organization did not check a box on line 13, 16a, 16b, 17a, or 17b, check this box and see instructions ��� |

Part II Support Schedule for Organizations Described in Sections 170(b)(1)(A)(iv) and 170(b)(1)(A)(vi)

Section A. Public Support

Section B. Total Support

Section C. Computation of Public Support Percentage
 

 

 

 

 
 

SPECIES360 41-1637575
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(Subtract line 7c from line 6.)

Amounts included on lines 2 and 3 received

from other than disqualified persons that

exceed the greater of $5,000 or 1% of the

amount on line 13 for the year

(Add lines 9, 10c, 11, and 12.)

732023  10-06-17

Calendar year (or fiscal year beginning in) |

Calendar year (or fiscal year beginning in) |

Total support. 

3

(a) (b) (c) (d) (e) (f) 

1

2

3

4

5

6

7

Total.

a

b

c

8 Public support. 

(a) (b) (c) (d) (e) (f) 

9

10a

b

c
11

12

13

14 First five years. 

stop here

15

16

15

16

17

18

19

20

2017 

2016

17

18

a

b

33 1/3% support tests - 2017.  

stop here.

33 1/3% support tests - 2016.  

stop here.

Private foundation. 

Schedule A (Form 990 or 990-EZ) 2017

Unrelated business taxable income

(less section 511 taxes) from businesses

acquired after June 30, 1975

Schedule A (Form 990 or 990-EZ) 2017 Page 

(Complete only if you checked the box on line 10 of Part I or if the organization failed to qualify under Part II. If the organization fails to

qualify under the tests listed below, please complete Part II.) 

2013 2014 2015 2016 2017 Total

Gifts, grants, contributions, and

membership fees received. (Do not 

include any "unusual grants.") ~~

Gross receipts from admissions,
merchandise sold or services per-
formed, or facilities furnished in
any activity that is related to the
organization's tax-exempt purpose

Gross receipts from activities that

are not an unrelated trade or bus-

iness under section 513 ~~~~~

Tax revenues levied for the organ-

ization's benefit and either paid to 

or expended on its behalf ~~~~

The value of services or facilities

furnished by a governmental unit to

the organization without charge ~

~~~ Add lines 1 through 5

Amounts included on lines 1, 2, and

3 received from disqualified persons

~~~~~~

Add lines 7a and 7b ~~~~~~~

2013 2014 2015 2016 2017 Total

Amounts from line 6 ~~~~~~~
Gross income from interest, 
dividends, payments received on 
securities loans, rents, royalties, 
and income from similar sources ~

~~~~

Add lines 10a and 10b ~~~~~~
Net income from unrelated business
activities not included in line 10b, 
whether or not the business is 
regularly carried on ~~~~~~~
Other income. Do not include gain
or loss from the sale of capital
assets (Explain in Part VI.) ~~~~

If the Form 990 is for the organization's first, second, third, fourth, or fifth tax year as a section 501(c)(3) organization,

check this box and ���������������������������������������������������� |

Public support percentage for 2017 (line 8, column (f) divided by line 13, column (f))

Public support percentage from 2016 Schedule A, Part III, line 15

~~~~~~~~~~~~ %

%��������������������

Investment income percentage for (line 10c, column (f) divided by line 13, column (f))

Investment income percentage from  Schedule A, Part III, line 17

~~~~~~~~ %

%~~~~~~~~~~~~~~~~~~

If the organization did not check the box on line 14, and line 15 is more than 33 1/3%, and line 17 is not

more than 33 1/3%, check this box and   The organization qualifies as a publicly supported organization ~~~~~~~~~~ |

If the organization did not check a box on line 14 or line 19a, and line 16 is more than 33 1/3%, and

line 18 is not more than 33 1/3%, check this box and  The organization qualifies as a publicly supported organization ~~~~ |

If the organization did not check a box on line 14, 19a, or 19b, check this box and see instructions �������� |

Part III Support Schedule for Organizations Described in Section 509(a)(2) 

Section A. Public Support

Section B. Total Support

Section C. Computation of Public Support Percentage

Section D. Computation of Investment Income Percentage

 

 

 
 

SPECIES360 41-1637575

0. 22,602. 227,391. 70,428. 246,263. 566,684.

4,527,798. 4,603,318. 4,662,960. 5,370,949. 5,242,291. 24,407,316.

4,527,798. 4,625,920. 4,890,351. 5,441,377. 5,488,554. 24,974,000.

0.

0.
0.

24,974,000.

4,527,798. 4,625,920. 4,890,351. 5,441,377. 5,488,554. 24,974,000.

79. 209. 103. 391.

79. 209. 103. 391.

16,874. 4,998. 11,636. 2,224. 1,513. 37,245.
4,544,751. 4,631,127. 4,901,987. 5,443,601. 5,490,170. 25,011,636.

99.85
99.83

.00

.01

X
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4

Yes No

1

2

3

4

5

6

7

8

9

10

Part VI 

1

2

3a

3b

3c

4a

4b

4c

5a

5b

5c

6

7

8

9a

9b

9c

10a

10b

Part VI

a

b

c

a

b

c

a

b

c

a

b

c

a

b

Schedule A (Form 990 or 990-EZ) 2017

If "No," describe in how the supported organizations are designated. If designated by
class or purpose, describe the designation. If historic and continuing relationship, explain.

If "Yes," explain in  how the organization determined that the supported
organization was described in section 509(a)(1) or (2).

If "Yes," answer

Schedule A (Form 990 or 990-EZ) 2017 Page 

(Complete only if you checked a box in line 12 on Part I. If you checked 12a of Part I, complete Sections A

and B. If you checked 12b of Part I, complete Sections A and C. If you checked 12c of Part I, complete

Sections A, D, and E. If you checked 12d of Part I, complete Sections A and D, and complete Part V.)

Are all of the organization's supported organizations listed by name in the organization's governing

documents? 

Did the organization have any supported organization that does not have an IRS determination of status

under section 509(a)(1) or (2)? 

Did the organization have a supported organization described in section 501(c)(4), (5), or (6)? 

 

(b) and (c) below.

Did the organization confirm that each supported organization qualified under section 501(c)(4), (5), or (6) and 

satisfied the public support tests under section 509(a)(2)? If "Yes," describe in Part VI when and how the 
organization made the determination.
Did the organization ensure that all support to such organizations was used exclusively for section 170(c)(2)(B) 

purposes? If "Yes," explain in Part VI what controls the organization put in place to ensure such use.

Was any supported organization not organized in the United States ("foreign supported organization")? If

"Yes," and if you checked 12a or 12b in Part I, answer (b) and (c) below.
Did the organization have ultimate control and discretion in deciding whether to make grants to the foreign  

supported organization? If "Yes," describe in Part VI how the organization had such control and discretion 
despite being controlled or supervised by or in connection with its supported organizations.
Did the organization support any foreign supported organization that does not have an IRS determination 

under sections 501(c)(3) and 509(a)(1) or (2)? If "Yes," explain in Part VI what controls the organization used 
to ensure that all support to the foreign supported organization was used exclusively for section 170(c)(2)(B) 
purposes.

Did the organization add, substitute, or remove any supported organizations during the tax year? If "Yes," 
answer (b) and (c) below (if applicable). Also, provide detail in Part VI, including (i) the names and EIN 
numbers of the supported organizations added, substituted, or removed; (ii) the reasons for each such action;
(iii) the authority under the organization's organizing document authorizing such action; and (iv) how the action 
was accomplished (such as by amendment to the organizing document).

Type I or Type II only.  Was any added or substituted supported organization part of a class 

alreadydesignated in the organization's organizing document?

Substitutions only. Was the substitution the result of an event beyond the organization's control?
Did the organization provide support (whether in the form of grants or the provision of services or facilities) to  

anyone other than (i) its supported organizations, (ii) individuals that are part of the charitable class
benefited by one or more of its supported organizations, or (iii) other supporting organizations that also  

support or benefit one or more of the filing organization's supported organizations? If "Yes," provide detail in 

Part VI.
Did the organization provide a grant, loan, compensation, or other similar payment to a substantial contributor  
(defined in section 4958(c)(3)(C)), a family member of a substantial contributor, or a 35% controlled entity with 

regard to a substantial contributor? If "Yes," complete Part I of Schedule L (Form 990 or 990-EZ).

Did the organization make a loan to a disqualified person (as defined in section 4958) not described in line 7?
If "Yes," complete Part I of Schedule L (Form 990 or 990-EZ).
Was the organization controlled directly or indirectly at any time during the tax year by one or more  
disqualified persons as defined in section 4946 (other than foundation managers and organizations described 

in section 509(a)(1) or (2))? If "Yes," provide detail in Part VI.
Did one or more disqualified persons (as defined in line 9a) hold a controlling interest in any entity in which  

the supporting organization had an interest? If "Yes," provide detail in Part VI.
Did a disqualified person (as defined in line 9a) have an ownership interest in, or derive any personal benefit 

from, assets in which the supporting organization also had an interest? If "Yes," provide detail in Part VI. 
Was the organization subject to the excess business holdings rules of section 4943 because of section 
4943(f) (regarding certain Type II supporting organizations, and all Type III non-functionally integrated 

supporting organizations)? If "Yes," answer 10b below.

Did the organization have any excess business holdings in the tax year? (Use Schedule C, Form 4720, to 
determine whether the organization had excess business holdings.)

Part IV Supporting Organizations

Section A. All Supporting Organizations

SPECIES360 41-1637575
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5

Yes No

11

a

b

c

11a

11b

11cPart VI.

Yes No

1

2

Part VI

1

2

Part VI

Yes No

1

Part VI 

1

Yes No

1

2

3

1

2

3

Part VI

Part VI

1

2

3

 (see instructions).

a

b

c

line 2 

 line 3 

Part VI

Answer (a) and (b) below. Yes No

a

b

a

b

Part VI identify

those supported organizations and explain

2a

2b

3a

3b

Part VI

Answer (a) and (b) below.

Part VI.

Part VI 

Schedule A (Form 990 or 990-EZ) 2017

If "Yes" to a, b, or c, provide detail in 

If "No," describe in  how the supported organization(s) effectively operated, supervised, or
controlled the organization's activities. If the organization had more than one supported organization,
describe how the powers to appoint and/or remove directors or trustees were allocated among the supported
organizations and what conditions or restrictions, if any, applied to such powers during the tax year.

If "Yes," explain in
 how providing such benefit carried out the purposes of the supported organization(s) that operated,

supervised, or controlled the supporting organization.

If "No," describe in how control
or management of the supporting organization was vested in the same persons that controlled or managed
the supported organization(s).

 If "No," explain in  how
the organization maintained a close and continuous working relationship with the supported organization(s).

If "Yes," describe in  the role the organization's
supported organizations played in this regard.

Check the box next to the method that the organization used to satisfy the Integral Part Test during the year
Complete below.

Complete below.
Describe in  how you supported a government entity (see instructions).

If "Yes," then in 
 how these activities directly furthered their exempt purposes,

how the organization was responsive to those supported organizations, and how the organization determined
that these activities constituted substantially all of its activities.

 If "Yes," explain in  the
reasons for the organization's position that its supported organization(s) would have engaged in these
activities but for the organization's involvement.

Provide details in

If "Yes," describe in the role played by the organization in this regard.

Schedule A (Form 990 or 990-EZ) 2017 Page 

Has the organization accepted a gift or contribution from any of the following persons?

A person who directly or indirectly controls, either alone or together with persons described in (b) and (c)

below, the governing body of a supported organization?

A family member of a person described in (a) above?

A 35% controlled entity of a person described in (a) or (b) above? 

Did the directors, trustees, or membership of one or more supported organizations have the power to

regularly appoint or elect at least a majority of the organization's directors or trustees at all times during the

tax year? 

Did the organization operate for the benefit of any supported organization other than the supported

organization(s) that operated, supervised, or controlled the supporting organization? 

Were a majority of the organization's directors or trustees during the tax year also a majority of the directors

or trustees of each of the organization's supported organization(s)?  

Did the organization provide to each of its supported organizations, by the last day of the fifth month of the

organization's tax year, (i) a written notice describing the type and amount of support provided during the prior tax

year, (ii) a copy of the Form 990 that was most recently filed as of the date of notification, and (iii) copies of the

organization's governing documents in effect on the date of notification, to the extent not previously provided?

Were any of the organization's officers, directors, or trustees either (i) appointed or elected by the supported

organization(s) or (ii) serving on the governing body of a supported organization?

By reason of the relationship described in (2), did the organization's supported organizations have a

significant voice in the organization's investment policies and in directing the use of the organization's

income or assets at all times during the tax year? 

The organization satisfied the Activities Test. 

The organization is the parent of each of its supported organizations. 

The organization supported a governmental entity. 

Activities Test.

Did substantially all of the organization's activities during the tax year directly further the exempt purposes of

the supported organization(s) to which the organization was responsive? 

Did the activities described in (a) constitute activities that, but for the organization's involvement, one or more

of the organization's supported organization(s) would have been engaged in?

Parent of Supported Organizations. 

Did the organization have the power to regularly appoint or elect a majority of the officers, directors, or

trustees of each of the supported organizations?  

Did the organization exercise a substantial degree of direction over the policies, programs, and activities of each

of its supported organizations?  

 

(continued)Part IV Supporting Organizations 

Section B. Type I Supporting Organizations

Section C. Type II Supporting Organizations

Section D. All Type III Supporting Organizations

Section E. Type III Functionally Integrated Supporting Organizations
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6

1 See instructions.

Section A - Adjusted Net Income

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8Adjusted Net Income

Section B - Minimum Asset Amount

1

2

3

4

5

6

7

8

a

b

c

d

e

1a

1b

1c

1d

2

3

4

5

6

7

8

Total 

Discount

Part VI

Minimum Asset Amount 

Section C - Distributable Amount

1

2

3

4

5

6

7

1

2

3

4

5

6

Distributable Amount.

Schedule A (Form 990 or 990-EZ) 2017

Schedule A (Form 990 or 990-EZ) 2017 Page 

Check here if the organization satisfied the Integral Part Test as a qualifying trust on Nov. 20, 1970 (explain in Part VI.)  All

other Type III non-functionally integrated supporting organizations must complete Sections A through E.

(B) Current Year
(optional)(A) Prior Year

Net short-term capital gain

Recoveries of prior-year distributions

Other gross income (see instructions)

Add lines 1 through 3

Depreciation and depletion

Portion of operating expenses paid or incurred for production or

collection of gross income or for management, conservation, or

maintenance of property held for production of income (see instructions)

Other expenses (see instructions)

 (subtract lines 5, 6, and 7 from line 4)

(B) Current Year
(optional)(A) Prior Year

Aggregate fair market value of all non-exempt-use assets (see

instructions for short tax year or assets held for part of year):

Average monthly value of securities

Average monthly cash balances

Fair market value of other non-exempt-use assets

(add lines 1a, 1b, and 1c)

 claimed for blockage or other

factors (explain in detail in ):

Acquisition indebtedness applicable to non-exempt-use assets

Subtract line 2 from line 1d

Cash deemed held for exempt use. Enter 1-1/2% of line 3 (for greater amount,

see instructions)

Net value of non-exempt-use assets (subtract line 4 from line 3)

Multiply line 5 by .035

Recoveries of prior-year distributions

(add line 7 to line 6)

Current Year

Adjusted net income for prior year (from Section A, line 8, Column A)

Enter 85% of line 1

Minimum asset amount for prior year (from Section B, line 8, Column A)

Enter greater of line 2 or line 3

Income tax imposed in prior year

 Subtract line 5 from line 4, unless subject to

emergency temporary reduction (see instructions)

Check here if the current year is the organization's first as a non-functionally integrated Type III supporting organization (see

instructions).

Part V Type III Non-Functionally Integrated 509(a)(3) Supporting Organizations 
 

 

SPECIES360 41-1637575
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7

Section D - Distributions Current Year

1

2

3

4

5

6

7

8

9

10

Part VI

Total annual distributions.

Part VI

(i)

Excess Distributions

(ii)
Underdistributions

Pre-2017

(iii)
Distributable

Amount for 2017
Section E - Distribution Allocations (see instructions)

1

2

3

4

5

6

7

8

Part VI

a

b

c

d

e

f

g

h

i

j

Total 

a

b

c

Part VI.

Part VI

Excess distributions carryover to 2018. 

a

b

c

d

e

Schedule A (Form 990 or 990-EZ) 2017

Schedule A (Form 990 or 990-EZ) 2017 Page 

Amounts paid to supported organizations to accomplish exempt purposes

Amounts paid to perform activity that directly furthers exempt purposes of supported

organizations, in excess of income from activity

Administrative expenses paid to accomplish exempt purposes of supported organizations

Amounts paid to acquire exempt-use assets

Qualified set-aside amounts (prior IRS approval required)

Other distributions (describe in ). See instructions.

 Add lines 1 through 6.

Distributions to attentive supported organizations to which the organization is responsive

(provide details in ). See instructions.

Distributable amount for 2017 from Section C, line 6

Line 8 amount divided by line 9 amount

Distributable amount for 2017 from Section C, line 6

Underdistributions, if any, for years prior to 2017 (reason-

able cause required- explain in ). See instructions.

Excess distributions carryover, if any, to 2017

From 2013

From 2014

From 2015

From 2016

of lines 3a through e

Applied to underdistributions of prior years

Applied to 2017 distributable amount

Carryover from 2012 not applied (see instructions)

Remainder. Subtract lines 3g, 3h, and 3i from 3f.

Distributions for 2017 from Section D,

line 7: $

Applied to underdistributions of prior years

Applied to 2017 distributable amount

Remainder. Subtract lines 4a and 4b from 4.

Remaining underdistributions for years prior to 2017, if

any. Subtract lines 3g and 4a from line 2. For result greater

than zero, explain in  See instructions.

Remaining underdistributions for 2017. Subtract lines 3h

and 4b from line 1. For result greater than zero, explain in

. See instructions.

Add lines 3j

and 4c.

Breakdown of line 7:

Excess from 2013

Excess from 2014

Excess from 2015

Excess from 2016

Excess from 2017

(continued) Part V Type III Non-Functionally Integrated 509(a)(3) Supporting Organizations 

SPECIES360 41-1637575
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8

Schedule A (Form 990 or 990-EZ) 2017

Schedule A (Form 990 or 990-EZ) 2017 Page 

Provide the explanations required by Part II, line 10; Part II, line 17a or 17b; Part III, line 12;
Part IV, Section A, lines 1, 2, 3b, 3c, 4b, 4c, 5a, 6, 9a, 9b, 9c, 11a, 11b, and 11c; Part IV, Section B, lines 1 and 2; Part IV, Section C,
line 1; Part IV, Section D, lines 2 and 3; Part IV, Section E, lines 1c, 2a, 2b, 3a, and 3b; Part V, line 1; Part V, Section B, line 1e; Part V,
Section D, lines 5, 6, and 8; and Part V, Section E, lines 2, 5, and 6. Also complete this part for any additional information.
(See instructions.)

Part VI Supplemental Information. 

SPECIES360 41-1637575
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Internal Revenue Service

723451  11-01-17

Schedule B (Form 990, 990-EZ, or 990-PF) (2017)

(Form 990, 990-EZ,
or 990-PF)

|  Attach to Form 990, Form 990-EZ, or Form 990-PF.
|  Go to www.irs.gov/Form990 for the latest information.

Name of the organization Employer identification number

Organization type

Filers of: Section:

 not

 General Rule  Special Rule.

Note: 

General Rule

Special Rules

(1) (2) 

General Rule 

Caution: 

 must

For Paperwork Reduction Act Notice, see the instructions for Form 990, 990-EZ, or 990-PF.

exclusively 

exclusively
 exclusively

nonexclusively

(check one):

Form 990 or 990-EZ 501(c)( ) (enter number) organization

4947(a)(1) nonexempt charitable trust  treated as a private foundation

527 political organization

Form 990-PF 501(c)(3) exempt private foundation

4947(a)(1) nonexempt charitable trust treated as a private foundation

501(c)(3) taxable private foundation

Check if your organization is covered by the  or a

Only a section 501(c)(7), (8), or (10) organization can check boxes for both the General Rule and a Special Rule. See instructions.

For an organization filing Form 990, 990-EZ, or 990-PF that received, during the year, contributions totaling $5,000 or more (in money or

property) from any one contributor. Complete Parts I and II. See instructions for determining a contributor's total contributions.

For an organization described in section 501(c)(3) filing Form 990 or 990-EZ that met the 33 1/3% support test of the regulations under

sections 509(a)(1) and 170(b)(1)(A)(vi), that checked Schedule A (Form 990 or 990-EZ), Part II, line 13, 16a, or 16b, and that received from

any one contributor, during the year, total contributions of the greater of $5,000; or 2% of the amount on (i) Form 990, Part VIII, line 1h;

or (ii) Form 990-EZ, line 1. Complete Parts I and II.

For an organization described in section 501(c)(7), (8), or (10) filing Form 990 or 990-EZ that received from any one contributor, during the

year, total contributions of more than $1,000 for religious, charitable, scientific, literary, or educational purposes, or for

the prevention of cruelty to children or animals. Complete Parts I, II, and III.

For an organization described in section 501(c)(7), (8), or (10) filing Form 990 or 990-EZ that received from any one contributor, during the

year, contributions  for religious, charitable, etc., purposes, but no such contributions totaled more than $1,000. If this box

is checked, enter here the total contributions that were received during the year for an  religious, charitable, etc.,

purpose. Don't complete any of the parts unless the applies to this organization because it received 

religious, charitable, etc., contributions totaling $5,000 or more during the year ~~~~~~~~~~~~~~~ | $

An organization that isn't covered by the General Rule and/or the Special Rules doesn't file Schedule B (Form 990, 990-EZ, or 990-PF),

but it  answer "No" on Part IV, line 2, of its Form 990; or check the box on line H of its Form 990-EZ or on its Form 990-PF, Part I, line 2, to

certify that it doesn't meet the filing requirements of Schedule B (Form 990, 990-EZ, or 990-PF).

LHA

Schedule B Schedule of Contributors

2017

 

 

 

 

 

 

 

 

 

 

SPECIES360 41-1637575
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X
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Name of organization Employer identification number

Schedule B (Form 990, 990-EZ, or 990-PF) (2017)

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

Schedule B (Form 990, 990-EZ, or 990-PF) (2017) Page 

(see instructions). Use duplicate copies of Part I if additional space is needed.

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

2

Part I Contributors

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

SPECIES360 41-1637575

1 DISNEYS ANIMAL KINGDOM X

1200 N SAVANNAH CIRCLE E, PO BOX 10000 17,000.

LAKE BUENA VISTA, FL 32830

2 NORTH CAROLINA ZOOLOGICAL PARK X

4401 ZOO PKWY 10,000.

ASHEBORO, NC 27205

3 SAINT LOUIS ZOO X

GOVERNMENT DRIVE 10,000.

ST. LOUIS, MO 63110

4 WOODLAND PARK ZOOLOGICAL GARDEN X

5500 PHINNEY AVE N 10,000.

SEATTLE, WA 98103

5 WORLDWIDE ZOO CONSULTANTS LLP X
SUITE 1008 TOWER DUBAI, AL NASSER
SQUARE, PO BOX 10237 10,000.

DUBAI, UNITED ARAB EMIRATES

6 SYDNEY'S TARONGA ZOO X

BRADLEY'S HEAD ROAD, 10,000.

MOSMAN, AUSTRALIA

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 23 2357
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Name of organization Employer identification number

Schedule B (Form 990, 990-EZ, or 990-PF) (2017)

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

(a)

No.

(b)

Name, address, and ZIP + 4

(c)

Total contributions

(d)

Type of contribution

Person

Payroll

Noncash

Schedule B (Form 990, 990-EZ, or 990-PF) (2017) Page 

(see instructions). Use duplicate copies of Part I if additional space is needed.

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

$

(Complete Part II for
noncash contributions.)

2

Part I Contributors

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

SPECIES360 41-1637575

7 WAZA X

RUE MAUVERNEY 28, CH-1196 9,980.

GLAND, SWITZERLAND

8 JAMES GUENTER X

9 SAINT ALBANS ST S 3A 7,000.

ST. PAUL, MN 55105

9 CALGARY ZOO X

1300 ZOO RD NE 5,000.

CALGARY, CANADA

10 COLUMBUS ZOO AND AQUARIUM X

4850 W POWELL RD 5,000.

POWELL, OH 43065

11 MAZURI EXOTIC ANIMAL NUTRITION X

100 DANFORTH DRIVE 5,000.

GRAY SUMMIT, MO 63039

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 24 2458
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Name of organization Employer identification number

Schedule B (Form 990, 990-EZ, or 990-PF) (2017)

(a)

No.

from

Part I

(c)

FMV (or estimate)

(See instructions.)

(b)

Description of noncash property given

(d)

Date received

(a)

No.

from

Part I

(c)

FMV (or estimate)

(See instructions.)

(b)

Description of noncash property given

(d)

Date received

(a)

No.

from

Part I

(c)

FMV (or estimate)

(See instructions.)

(b)

Description of noncash property given

(d)

Date received

(a)

No.

from

Part I

(c)

FMV (or estimate)

(See instructions.)

(b)

Description of noncash property given

(d)

Date received

(a)

No.

from

Part I

(c)

FMV (or estimate)

(See instructions.)

(b)

Description of noncash property given

(d)

Date received

(a)

No.

from

Part I

(c)

FMV (or estimate)

(See instructions.)

(b)

Description of noncash property given

(d)

Date received

Schedule B (Form 990, 990-EZ, or 990-PF) (2017) Page 

(see instructions). Use duplicate copies of Part II if additional space is needed.

$

$

$

$

$

$

3

Part II Noncash Property

SPECIES360 41-1637575

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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 (Enter this info. once.)

For organizations

completing Part III, enter the total of exclusively religious, charitable, etc., contributions of $1,000 or less for the year.

723454  11-01-17

Name of organization Employer identification number

religious, charitable, etc., contributions to organizations described in section 501(c)(7), (8), or (10) that total more than $1,000 for
the year from any one contributor.  (a)  (e) and 

Schedule B (Form 990, 990-EZ, or 990-PF) (2017)

  
 

(a) No.
from
Part I

(b) Purpose of gift (c) Use of gift (d) Description of how gift is held

(e) Transfer of gift

Transferee's name, address, and ZIP + 4 Relationship of transferor to transferee

(a) No.
from
Part I

(b) Purpose of gift (c) Use of gift (d) Description of how gift is held

(e) Transfer of gift

Transferee's name, address, and ZIP + 4 Relationship of transferor to transferee

(a) No.
from
Part I

(b) Purpose of gift (c) Use of gift (d) Description of how gift is held

(e) Transfer of gift

Transferee's name, address, and ZIP + 4 Relationship of transferor to transferee

(a) No.
from
Part I

(b) Purpose of gift (c) Use of gift (d) Description of how gift is held

(e) Transfer of gift

Transferee's name, address, and ZIP + 4 Relationship of transferor to transferee

Complete columns through the following line entry. 
 

Schedule B (Form 990, 990-EZ, or 990-PF) (2017) Page 

| $

Use duplicate copies of Part III if additional space is needed.

Exclusively

4

Part III

SPECIES360 41-1637575

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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Department of the Treasury
Internal Revenue Service

732051  10-09-17

Held at the End of the Tax Year

(Form 990) | Complete if the organization answered "Yes" on Form 990,
Part IV, line 6, 7, 8, 9, 10, 11a, 11b, 11c, 11d, 11e, 11f, 12a, or 12b.

| Attach to Form 990.
|Go to www.irs.gov/Form990 for instructions and the latest information.

Open to Public
Inspection

Name of the organization Employer identification number

(a) (b) 

1

2

3

4

5

6

Yes No

Yes No

1

2

3

4

5

6

7

8

9

a

b

c

d

2a

2b

2c

2d

Yes No

Yes No

1

2

a

b

(i)

(ii)

a

b

For Paperwork Reduction Act Notice, see the Instructions for Form 990. Schedule D (Form 990) 2017

Complete if the

organization answered "Yes" on Form 990, Part IV, line 6.

Donor advised funds Funds and other accounts

Total number at end of year

Aggregate value of contributions to (during year)

Aggregate value of grants from (during year)

Aggregate value at end of year

~~~~~~~~~~~~~~~

~~~~

~~~~~~

~~~~~~~~~~~~~

Did the organization inform all donors and donor advisors in writing that the assets held in donor advised funds

are the organization's property, subject to the organization's exclusive legal control?~~~~~~~~~~~~~~~~~~

Did the organization inform all grantees, donors, and donor advisors in writing that grant funds can be used only

for charitable purposes and not for the benefit of the donor or donor advisor, or for any other purpose conferring

impermissible private benefit? ��������������������������������������������

Complete if the organization answered "Yes" on Form 990, Part IV, line 7.

Purpose(s) of conservation easements held by the organization (check all that apply).

Preservation of land for public use (e.g., recreation or education)

Protection of natural habitat

Preservation of open space

Preservation of a historically important land area

Preservation of a certified historic structure

Complete lines 2a through 2d if the organization held a qualified conservation contribution in the form of a conservation easement on the last

day of the tax year.

Total number of conservation easements

Total acreage restricted by conservation easements

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

Number of conservation easements on a certified historic structure included in (a)

Number of conservation easements included in (c) acquired after 7/25/06, and not on a historic structure

listed in the National Register

~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Number of conservation easements modified, transferred, released, extinguished, or terminated by the organization during the tax

year |

Number of states where property subject to conservation easement is located |

Does the organization have a written policy regarding the periodic monitoring, inspection, handling of

violations, and enforcement of the conservation easements it holds? ~~~~~~~~~~~~~~~~~~~~~~~~~

Staff and volunteer hours devoted to monitoring, inspecting, handling of violations, and enforcing conservation easements during the year 

|

Amount of expenses incurred in monitoring, inspecting, handling of violations, and enforcing conservation easements during the year 

| $

Does each conservation easement reported on line 2(d) above satisfy the requirements of section 170(h)(4)(B)(i)

and section 170(h)(4)(B)(ii)? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

In Part XIII, describe how the organization reports conservation easements in its revenue and expense statement, and balance sheet, and

include, if applicable, the text of the footnote to the organization's financial statements that describes the organization's accounting for

conservation easements.

Complete if the organization answered "Yes" on Form 990, Part IV, line 8.

If the organization elected, as permitted under SFAS 116 (ASC 958), not to report in its revenue statement and balance sheet works of art,

historical treasures, or other similar assets held for public exhibition, education, or research in furtherance of public service, provide, in Part XIII,

the text of the footnote to its financial statements that describes these items.

If the organization elected, as permitted under SFAS 116 (ASC 958), to report in its revenue statement and balance sheet works of art, historical

treasures, or other similar assets held for public exhibition, education, or research in furtherance of public service, provide the following amounts

relating to these items:

Revenue included on Form 990, Part VIII, line 1

Assets included in Form 990, Part X

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ | $

$~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ |

If the organization received or held works of art, historical treasures, or other similar assets for financial gain, provide

the following amounts required to be reported under SFAS 116 (ASC 958) relating to these items:

Revenue included on Form 990, Part VIII, line 1

Assets included in Form 990, Part X

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ | $

$����������������������������������� |

LHA

Part I Organizations Maintaining Donor Advised Funds or Other Similar Funds or Accounts. 

Part II Conservation Easements. 

Part III Organizations Maintaining Collections of Art, Historical Treasures, or Other Similar Assets.

SCHEDULE D Supplemental Financial Statements 2017

   

   

   
   
 

   

   

SPECIES360 41-1637575
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3

4

5

a

b

c

d

e

Yes No

1

2

a

b

c

d

e

f

a

b

Yes No

1c

1d

1e

1f

Yes No

(a) (b) (c) (d) (e) 

1

2

3

4

a

b

c

d

e

f

g

a

b

c

a

b

Yes No

(i)

(ii)

3a(i)

3a(ii)

3b

(a) (b) (c) (d) 

1a

b

c

d

e

Total. 

Schedule D (Form 990) 2017

(continued)

(Column (d) must equal Form 990, Part X, column (B), line 10c.)

Two years back Three years back Four years back

Schedule D (Form 990) 2017 Page 

Using the organization's acquisition, accession, and other records, check any of the following that are a significant use of its collection items

(check all that apply):

Public exhibition

Scholarly research

Preservation for future generations

Loan or exchange programs

Other

Provide a description of the organization's collections and explain how they further the organization's exempt purpose in Part XIII.

During the year, did the organization solicit or receive donations of art, historical treasures, or other similar assets

to be sold to raise funds rather than to be maintained as part of the organization's collection? ������������

Complete if the organization answered "Yes" on Form 990, Part IV, line 9, or
reported an amount on Form 990, Part X, line 21.

Is the organization an agent, trustee, custodian or other intermediary for contributions or other assets not included

on Form 990, Part X?

If "Yes," explain the arrangement in Part XIII and complete the following table:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Amount

Beginning balance

Additions during the year

Distributions during the year

Ending balance

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Did the organization include an amount on Form 990, Part X, line 21, for escrow or custodial account liability?

If "Yes," explain the arrangement in Part XIII. Check here if the explanation has been provided on Part XIII

~~~~~

�������������

Complete if the organization answered "Yes" on Form 990, Part IV, line 10.

Current year Prior year

Beginning of year balance

Contributions

Net investment earnings, gains, and losses

Grants or scholarships

~~~~~~~

~~~~~~~~~~~~~~

~~~~~~~~~

Other expenditures for facilities

and programs

Administrative expenses

End of year balance

~~~~~~~~~~~~~

~~~~~~~~

~~~~~~~~~~

Provide the estimated percentage of the current year end balance (line 1g, column (a)) held as:

Board designated or quasi-endowment

Permanent endowment

Temporarily restricted endowment

The percentages on lines 2a, 2b, and 2c should equal 100%.

| %

| %

| %

Are there endowment funds not in the possession of the organization that are held and administered for the organization

by:

unrelated organizations

related organizations

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

If "Yes" on line 3a(ii), are the related organizations listed as required on Schedule R?

Describe in Part XIII the intended uses of the organization's endowment funds.

~~~~~~~~~~~~~~~~~~~~

Complete if the organization answered "Yes" on Form 990, Part IV, line 11a. See Form 990, Part X, line 10.

Description of property Cost or other
basis (investment)

Cost or other
basis (other)

Accumulated
depreciation

Book value

Land

Buildings

Leasehold improvements

~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~

~~~~~~~~~~

Equipment

Other

~~~~~~~~~~~~~~~~~

��������������������

Add lines 1a through 1e. |�������������

2
Part III Organizations Maintaining Collections of Art, Historical Treasures, or Other Similar Assets 

Part IV Escrow and Custodial Arrangements. 

Part V Endowment Funds. 

Part VI Land, Buildings, and Equipment.

   
   
 

   

   

   
 

SPECIES360 41-1637575

158,672. 92,088. 66,584.

13,746,634. 9,368,373. 4,378,261.
4,444,845.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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(including name of security)

732053  10-09-17

Total. 

Total. 

(a) (b) (c) 

(1)

(2)

(3)

(a) (b) (c) 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(a) (b) 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Total. 

(a) (b) 1.

Total. 

2.

Schedule D (Form 990) 2017

(Column (b) must equal Form 990, Part X, col. (B) line 15.)

(Column (b) must equal Form 990, Part X, col. (B) line 25.)

Description of security or category 

(Col. (b) must equal Form 990, Part X, col. (B) line 12.) |

(Col. (b) must equal Form 990, Part X, col. (B) line 13.) |

Schedule D (Form 990) 2017 Page 

Complete if the organization answered "Yes" on Form 990, Part IV, line 11b. See Form 990, Part X, line 12.

Book value Method of valuation: Cost or end-of-year market value

Financial derivatives

Closely-held equity interests

Other

~~~~~~~~~~~~~~~

~~~~~~~~~~~

(A)

(B)

(C)

(D)

(E)

(F)

(G)

(H)

Complete if the organization answered "Yes" on Form 990, Part IV, line 11c. See Form 990, Part X, line 13.
Description of investment Book value Method of valuation: Cost or end-of-year market value

Complete if the organization answered "Yes" on Form 990, Part IV, line 11d. See Form 990, Part X, line 15.

Description Book value

���������������������������� |

Complete if the organization answered "Yes" on Form 990, Part IV, line 11e or 11f. See Form 990, Part X, line 25.

Description of liability Book value

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Federal income taxes

����� |

Liability for uncertain tax positions. In Part XIII, provide the text of the footnote to the organization's financial statements that reports the

organization's liability for uncertain tax positions under FIN 48 (ASC 740). Check here if the text of the footnote has been provided in Part XIII

3
Part VII Investments - Other Securities.

Part VIII Investments - Program Related.

Part IX Other Assets.

Part X Other Liabilities.

 

SPECIES360 41-1637575

DEFERRED LEASE INCENTIVE -LONG
TERM 66,656.
LEASE ABATEMENT LIABILITY 21,606.

88,262.

X

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
 29 2963
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1

2

3

4

5

1

a

b

c

d

e

2a

2b

2c

2d

2a 2d 2e

32e 1

a

b

c

4a

4b

4a 4b

3 4c. 

4c

5

1

2

3

4

5

1

a

b

c

d

e

2a

2b

2c

2d

2a 2d

2e 1

2e

3

a

b

c

4a

4b

4a 4b

3 4c. 

4c

5

Schedule D (Form 990) 2017

(This must equal Form 990, Part I, line 12.)

(This must equal Form 990, Part I, line 18.)

Schedule D (Form 990) 2017 Page 

Complete if the organization answered "Yes" on Form 990, Part IV, line 12a.

Total revenue, gains, and other support per audited financial statements

Amounts included on line 1 but not on Form 990, Part VIII, line 12:

~~~~~~~~~~~~~~~~~~~

Net unrealized gains (losses) on investments

Donated services and use of facilities

Recoveries of prior year grants

Other (Describe in Part XIII.)

~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

Add lines through ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Subtract line from line ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Amounts included on Form 990, Part VIII, line 12, but not on line 1:

Investment expenses not included on Form 990, Part VIII, line 7b

Other (Describe in Part XIII.)

~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

Add lines and 

Total revenue. Add lines and 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

�����������������

Complete if the organization answered "Yes" on Form 990, Part IV, line 12a.

Total expenses and losses per audited financial statements

Amounts included on line 1 but not on Form 990, Part IX, line 25:

~~~~~~~~~~~~~~~~~~~~~~~~~~

Donated services and use of facilities

Prior year adjustments

Other losses

Other (Describe in Part XIII.)

~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

Add lines through 

Subtract line from line 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Amounts included on Form 990, Part IX, line 25, but not on line 1:

Investment expenses not included on Form 990, Part VIII, line 7b

Other (Describe in Part XIII.)

~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~

Add lines and 

Total expenses. Add lines and 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

����������������

Provide the descriptions required for Part II, lines 3, 5, and 9; Part III, lines 1a and 4; Part IV, lines 1b and 2b; Part V, line 4; Part X, line 2; Part XI,

lines 2d and 4b; and Part XII, lines 2d and 4b. Also complete this part to provide any additional information.

4
Part XI Reconciliation of Revenue per Audited Financial Statements With Revenue per Return.

Part XII Reconciliation of Expenses per Audited Financial Statements With Expenses per Return.

Part XIII Supplemental Information.

SPECIES360 41-1637575

5,490,170.

0.
5,490,170.

0.
5,490,170.

5,541,413.

0.
5,541,413.

0.
5,541,413.

PART X, LINE 2:

THE ORGANIZATION FOLLOWS THE GUIDANCE IN THE INCOME TAX STANDARD REGARDING

THE RECOGNITION AND MEASUREMENT OF UNCERTAIN TAX POSITIONS. THE GUIDANCE

CLARIFIES THE ACCOUNTING FOR THE UNCERTAINTY IN INCOME TAXES RECOGNIZED IN

THE ENTITY'S FINANCIAL STATEMENTS. THE GUIDANCE FURTHER PRESCRIBES

RECOGNITION AND MEASUREMENT OF TAX PROVISIONS TAKEN OR EXPECTED TO BE

TAKEN ON A TAX RETURN THAT ARE NOT CERTAIN TO BE REALIZED. THE APPLICATION

OF THIS STANDARD HAS NO IMPACT ON THE ORGANIZATION'S FINANCIAL STATEMENTS.

THE ORGANIZATION'S TAX RETURNS ARE SUBJECT TO REVIEW AND EXAMINATION BY

FEDERAL, STATE, AND LOCAL AUTHORITIES. THE TAX RETURNS FOR THE YEARS 2014

TO 2017 ARE OPEN TO EXAMINATION BY FEDERAL, STATE, AND LOCAL AUTHORITIES.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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5

Schedule D (Form 990) 2017

(continued)
Schedule D (Form 990) 2017 Page 
Part XIII Supplemental Information 

SPECIES360 41-1637575
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| Complete if the organization answered "Yes" on Form 990, Part IV, line 14b, 15, or 16.

| Attach to Form 990.

| Go to www.irs.gov/Form990 for instructions and the latest information.
Open to Public 
Inspection

Employer identification number

1

2

3

For grantmakers. 

Yes No

For grantmakers. 

(a) (b) (c) (d) (e) (f) 

3 a

b

c Totals 

For Paperwork Reduction Act Notice, see the Instructions for Form 990. Schedule F (Form 990) 2017

Name of the organization

Complete if the organization answered "Yes" on

Form 990, Part IV, line 14b.

Does the organization maintain records to substantiate the amount of its grants and other assistance,

the grantees' eligibility for the grants or assistance, and the selection criteria used to award the grants or assistance? ~~

Describe in Part V the organization's procedures for monitoring the use of its grants and other assistance outside the

United States.

Activities per Region. (The following Part I, line 3 table can be duplicated if additional space is needed.)

Region Number of
offices

in the region

Number of
employees,
agents, and
independent
contractors
in the region

Activities conducted in the region
(by type) (such as, fundraising, pro-

gram services, investments, grants to
recipients located in the region)

If activity listed in (d)
is a program service,

describe specific type
of service(s) in the region

Total
expenditures

for and
investments
in the region

Sub-total ~~~~~~

Total from continuation

sheets to Part I ~~~

(add lines 3a

and 3b) ������

LHA

(Form 990)

Part I General Information on Activities Outside the United States. 

SCHEDULE F Statement of Activities Outside the United States 2017

   

SPECIES360 41-1637575

EUROPE 0 13 PROGRAM SERVICES SOFTWARE DEVELOPMENT 1,064,708.

CONTRACT FOR DIRECTOR OF
EUROPE 0 1 PROGRAM SERVICES SCIENCE 117,082.

MEMBER DEVELOPMENT &
EUROPE 0 1 PROGRAM SERVICE MEMBER TRAINING 78,762.

MIDDLE EAST AND MEMBER DEVELOPMENT &
NORTH AFRICA 0 1 PROGRAM SERVICES MEMBER TRAINING 48,736.

SOUTH ASIA 0 1 PROGRAM SERVICES SOFTWARE DEVELOPMENT 26,708.

MEMBER DEVELOPMENT &
SOUTH ASIA 0 1 PROGRAM SERVICES MEMBER TRAINING 22,249.

0 18 1,358,245.

0 0 0.

0 18 1,358,245.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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2

Part II Grants and Other Assistance to Organizations or Entities Outside the United States. 

(a) 
(b) 

(c) 
(d) (e) (f) (g) (h) (i) 1

2

3

Schedule F (Form 990) 2017

IRS code section

and EIN (if applicable)

Schedule F (Form 990) 2017 Page 

Complete if the organization answered "Yes" on Form 990, Part IV, line 15, for any

recipient who received more than $5,000. Part II can be duplicated if additional space is needed.

Name of organization Region
Purpose of

grant

Amount

of cash grant

Manner of

cash disbursement

Amount of
noncash

assistance

Description
of noncash
assistance

Method of
valuation (book, FMV,

appraisal, other)

Enter total number of recipient organizations listed above that are recognized as charities by the foreign country, recognized as tax-exempt

by the IRS, or for which the grantee or counsel has provided a section 501(c)(3) equivalency letter ~~~~~~~~~~~~~~~~~~~~~~ |

Enter total number of other organizations or entities ��������������������������������������������� |

SPECIES360 41-1637575
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3

Part III Grants and Other Assistance to Individuals Outside the United States. 

(c) (d) (e) (f) (g) (h) 
(a) (b) 

Schedule F (Form 990) 2017

Schedule F (Form 990) 2017 Page 

Complete if the organization answered "Yes" on Form 990, Part IV, line 16.

Part III can be duplicated if additional space is needed.

Number of
recipients

Amount of
cash grant

Manner of
cash disbursement

Amount of
noncash

assistance

Description of
noncash assistance

Method of
valuation

(book, FMV,
appraisal, other)

Type of grant or assistance Region

SPECIES360 41-1637575

10160626 131839 053-12500700  2017.04000 SPECIES360                  053-8WT1
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4

1

2

3

4

5

6

Schedule F (Form 990) 2017

 If "Yes," the
organization may be required to file Form 926, Return by a U.S. Transferor of Property to a Foreign
Corporation (see Instructions for Form 926)

If "Yes," the organization
may be required to separately file Form 3520, Annual Return To Report Transactions With Foreign
Trusts and Receipt of Certain Foreign Gifts, and/or Form 3520-A, Annual Information Return of Foreign
Trust With a U.S. Owner (see Instructions for Forms 3520 and 3520-A; don't file with Form 990)

If "Yes,"
the organization may be required to file Form 5471, Information Return of U.S. Persons With Respect To
Certain Foreign Corporations (see Instructions for Form 5471)

If "Yes," the organization may be required to file Form 8621,
Information Return by a Shareholder of a Passive Foreign Investment Company or Qualified Electing Fund
(see Instructions for Form 8621)

If "Yes,"
the organization may be required to file Form 8865, Return of U.S. Persons With Respect to Certain
Foreign Partnerships (see Instructions for Form 8865)

 If
"Yes," the organization may be required to separately file Form 5713, International Boycott Report (see
Instructions for Form 5713; don't file with Form 990)

Schedule F (Form 990) 2017 Page 

Was the organization a U.S. transferor of property to a foreign corporation during the tax year?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yes No

Did the organization have an interest in a foreign trust during the tax year? 

~~~~~~~~~~~ Yes No

Did the organization have an ownership interest in a foreign corporation during the tax year? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yes No

Was the organization a direct or indirect shareholder of a passive foreign investment company or a

qualified electing fund during the tax year? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yes No

Did the organization have an ownership interest in a foreign partnership during the tax year? 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yes No

Did the organization have any operations in or related to any boycotting countries during the tax year?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yes No

Part IV Foreign Forms

   

   

   

   

   

   

SPECIES360 41-1637575

X

X

X

X

X

X

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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5

Schedule F (Form 990) 2017

Schedule F (Form 990) 2017 Page 

Provide the information required by Part I, line 2 (monitoring of funds); Part I, line 3, column (f) (accounting method; amounts of

investments vs. expenditures per region); Part II, line 1 (accounting method); Part III (accounting method); and Part III, column (c)

(estimated number of recipients), as applicable. Also complete this part to provide any additional information. See instructions.

Part V Supplemental Information

SPECIES360 41-1637575
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For certain Officers, Directors, Trustees, Key Employees, and Highest
Compensated Employees

Complete if the organization answered "Yes" on Form 990, Part IV, line 23.
Open to Public

Inspection
Attach to Form 990.

| Go to www.irs.gov/Form990 for instructions and the latest information.
Employer identification number

Yes No

1a

b

1b

2

2

3

4

a

b

c

4a

4b

4c

Only section 501(c)(3), 501(c)(4), and 501(c)(29) organizations must complete lines 5-9.

5

5a

5b

6a

6b

7

8

9

a

b

6

a

b

7

8

9

For Paperwork Reduction Act Notice, see the Instructions for Form 990. Schedule J (Form 990) 2017

|
|

Name of the organization

Check the appropriate box(es) if the organization provided any of the following to or for a person listed on Form 990,

Part VII, Section A, line 1a. Complete Part III to provide any relevant information regarding these items.

First-class or charter travel

Travel for companions

Housing allowance or residence for personal use

Payments for business use of personal residence

Tax indemnification and gross-up payments

Discretionary spending account

Health or social club dues or initiation fees

Personal services (such as, maid, chauffeur, chef)

If any of the boxes on line 1a are checked, did the organization follow a written policy regarding payment or

reimbursement or provision of all of the expenses described above? If "No," complete Part III to explain~~~~~~~~~~~

Did the organization require substantiation prior to reimbursing or allowing expenses incurred by all directors,

trustees, and officers, including the CEO/Executive Director, regarding the items checked on line 1a? ~~~~~~~~~~~~

Indicate which, if any, of the following the filing organization used to establish the compensation of the organization's

CEO/Executive Director. Check all that apply. Do not check any boxes for methods used by a related organization to

establish compensation of the CEO/Executive Director, but explain in Part III.

Compensation committee

Independent compensation consultant

Form 990 of other organizations

Written employment contract

Compensation survey or study

Approval by the board or compensation committee

During the year, did any person listed on Form 990, Part VII, Section A, line 1a, with respect to the filing

organization or a related organization:

Receive a severance payment or change-of-control payment?

Participate in, or receive payment from, a supplemental nonqualified retirement plan?

Participate in, or receive payment from, an equity-based compensation arrangement?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~

If "Yes" to any of lines 4a-c, list the persons and provide the applicable amounts for each item in Part III.

For persons listed on Form 990, Part VII, Section A, line 1a, did the organization pay or accrue any compensation

contingent on the revenues of:

The organization?

Any related organization?

If "Yes" on line 5a or 5b, describe in Part III.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

For persons listed on Form 990, Part VII, Section A, line 1a, did the organization pay or accrue any compensation

contingent on the net earnings of:

The organization?

Any related organization?

If "Yes" on line 6a or 6b, describe in Part III.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

For persons listed on Form 990, Part VII, Section A, line 1a, did the organization provide any nonfixed payments

not described on lines 5 and 6? If "Yes," describe in Part III

Were any amounts reported on Form 990, Part VII, paid or accrued pursuant to a contract that was subject to the

initial contract exception described in Regulations section 53.4958-4(a)(3)? If "Yes," describe in Part III

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~

If "Yes" on line 8, did the organization also follow the rebuttable presumption procedure described in

Regulations section 53.4958-6(c)? ���������������������������������������������

LHA

SCHEDULE J
(Form 990)

Part I Questions Regarding Compensation

Compensation Information

2017

 
 
 
 

 
 
 
 

 
 
 

 
 
 

SPECIES360 41-1637575

X

X

X
X
X

X
X

X
X

X

X
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2

Part II Officers, Directors, Trustees, Key Employees, and Highest Compensated Employees. 

Note: 

(B) (C)  (D)  (E)  (F) 

(i) (ii) (iii) 
(A) 

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

Schedule J (Form 990) 2017

Schedule J (Form 990) 2017 Page 

Use duplicate copies if additional space is needed.

For each individual whose compensation must be reported on Schedule J, report compensation from the organization on row (i) and from related organizations, described in the instructions, on row (ii).
Do not list any individuals that aren't listed on Form 990, Part VII.

The sum of columns (B)(i)-(iii) for each listed individual must equal the total amount of Form 990, Part VII, Section A, line 1a, applicable column (D) and (E) amounts for that individual.

Breakdown of W-2 and/or 1099-MISC compensation Retirement and
other deferred
compensation

Nontaxable
benefits

Total of columns
(B)(i)-(D)

Compensation
in column (B)

reported as deferred
on prior Form 990

Base
compensation

Bonus &
incentive

compensation

Other
reportable

compensation

Name and Title

SPECIES360 41-1637575

(1) JAMES GUENTER 271,693. 52,514. 1,064. 29,395. 14,973. 369,639. 0.
CEO, EX-OFFICIO TRUSTEE 0. 0. 0. 0. 0. 0. 0.
(2) DOUG VERDUZCO 211,066. 17,049. 1,064. 21,797. 19,094. 270,070. 0.
CIO 0. 0. 0. 0. 0. 0. 0.
(3) J. PETER DONLON 225,788. 0. 1,602. 23,322. 18,874. 269,586. 0.
DIRECTOR, GLOBAL MEMBER DE 0. 0. 0. 0. 0. 0. 0.
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3

Part III Supplemental Information

Schedule J (Form 990) 2017

Schedule J (Form 990) 2017 Page 

Provide the information, explanation, or descriptions required for Part I, lines 1a, 1b, 3, 4a, 4b, 4c, 5a, 5b, 6a, 6b, 7, and 8, and for Part II. Also complete this part for any additional information. 

SPECIES360 41-1637575

PART I, LINE 4A:

A SEPERATION AGREEMENT WAS SIGNED BETWEEN THE SPECIES 360 AND PEGGY KLUG,

EX-DIRECTOR OF FINANCE, FOR A ONE TIME COST OF $62,136.

PART I, LINE 5:

THE DIRECTOR OF GLOBAL DEVELOPMENT COMPENSATION IS BASED ON NEW MEMBERSHIP

FEES.

PART I, LINE 7:

SPECIES360 INCLUDES AS PART OF THEIR EMPLOYEE'S ANNUAL COMPENSATION A MERIT

PAY IN ADDITION TO REGULAR SALARY. THIS MERIT PAY IS BASED ON THE COMPANY'S

PERFORMANCE AGAINST STATED ANNUAL GOALS.

10160626 131839 053-12500700  2017.04000 SPECIES360                  053-8WT1
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Complete to provide information for responses to specific questions on
Form 990 or 990-EZ or to provide any additional information.

| Attach to Form 990 or 990-EZ.
| Go to www.irs.gov/Form990 for the latest information.

(Form 990 or 990-EZ)

Open to Public
Inspection

Employer identification number

For Paperwork Reduction Act Notice, see the Instructions for Form 990 or 990-EZ. Schedule O (Form 990 or 990-EZ) (2017)

Name of the organization

LHA

SCHEDULE O Supplemental Information to Form 990 or 990-EZ 2017

SPECIES360 41-1637575

FORM 990, PART I, LINE 1, DESCRIPTION OF ORGANIZATION MISSION:

AND THEIR ENVIRONMENTS FOR ZOOS, AQUARIUMS AND RELATED CONSERVATION

ORGANIZATIONS TO SERVE INSTITUTIONAL, REGIONAL AND GLOBAL ANIMAL

MANAGEMENT AND CONSERVATION GOALS.

FORM 990, PART III, LINE 1, DESCRIPTION OF ORGANIZATION MISSION:

INFORMATION FROM MORE THAN 1,100 ZOOLOGICAL INSTITUTIONS WORLDWIDE.

THIS KNOWLEDGE BASE INCLUDES INFORMATION ON MORE THAN 10.3 MILLION

INDIVIDUAL ANIMALS OR MORE THAN 22,000 SPECIES. SPECIES360 MEMBERS US

THIS DATA TO ADVISE BASIC CARE AND POPULATION MANAGEMENT DECISION TO

HELP THEM ACHIEVE THEIR BUSINESS AND CONSERVATION GOALS. IN ADDITION,

SPECIES360 DEVELOPS SOFTWARE DESIGNED SPECIFICALLY FOR USE BY ITS

MEMBER FACILITIES TO AID IN THE COLLECTION AND ANALYSIS OF THIS VITAL

INFORMATION. SPECIES360 PROVIDES SCIENCE AND RESEARCH SERVICES WITH AN

INTERNAL SCIENCE TEAM AND IN SUPPORT OF MEMBER OR OTHER ANIMAL CARE OR

CONSERVATION SCIENCE TEAMS GLOBALLY.

FORM 990, PART VI, SECTION A, LINE 1:

THE EXECUTIVE COMMITTEE CONSISTS OF FOUR TRUSTEES: THE CHAIR, THE

VICE-CHAIR, THE CHIEF EXECUTIVE OFFICER AND AT LEAST ONE OTHER TRUSTEE.

THEIR MEETINGS ARE DOCUMENTED.

FORM 990, PART VI, SECTION A, LINE 6:

THE ORGANIZATION HAS INSTITUTIONAL MEMBERS, EDUCATIONAL MEMBERS, AND

ASSOCIATION MEMBERS.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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2

Employer identification number

Schedule O (Form 990 or 990-EZ) (2017)

Schedule O (Form 990 or 990-EZ) (2017) Page 

Name of the organization
SPECIES360 41-1637575

FORM 990, PART VI, SECTION A, LINE 7A:

THE ORGANIZATION'S MEMBERS HAVE THE POWER TO ELECT BOARD MEMBERS.

FORM 990, PART VI, SECTION B, LINE 11B:

FORM 990 IS PREPARED BY ACCOUNTING FIRM WITH INFORMATION PROVIDED BY

SPECIES360 AS WELL AS INDEPENDENTLY AUDITED FINANCIAL STATEMENT. THE

DIRECTORS OF FINANCE AND THE BOARD FINANCE COMMITTEE REVIEWS THE FORM 990.

IT IS THEN PRESENTED TO THE FULL BOARD PRIOR TO FILING.

FORM 990, PART VI, SECTION B, LINE 12C:

ALL BOARD MEMBERS, KEY EMPLOYEES, AND OTHER EMPLOYEES ARE REQUIRED TO SIGN

A CONFLICT OF INTEREST DOCUMENT FOR EACH YEAR OF SERVICE. IN ADDITION, ALL

EMPLOYEES AT TIME OF HIRE ARE REQUIRED TO REVIEW AND SIGN THE EMPLOYEE

HANDBOOK WHICH INCLUDES A CONFLICT OF INTEREST CLAUSE. CONFLICTS ARE

DETERMINED TO EXIST WHEN EMPLOYEES OR RELATED PARTIES HAVE ANY DIRECT OR

INDIRECT INTEREST IDENTIFIED IN THE ORGANIZATION'S RELATED PARTY

QUESTIONAIRE. CONFLICT OF INTERESTS ARE THEN REVIEWED BY THE CEO AND

DIRECTOR OF FINANCE. IF A CONFLICT OF INTEREST IS DETERMINED TO EXIST,

RESTRICTIONS PLACED ON EMPLOYEE VARIES BASED UPON THE SITUATION. THERE IS

NO FORMAL DOCUMENTATION PROCESS SURROUNDING THIS DISCUSSION; HOWEVER, A

BOARD MEMBER'S CONFLICT OF INTEREST IS DOCUMENTED IN THE BOARD MINUTES.

FORM 990, PART VI, SECTION B, LINE 15:

COMPENSATION FOR THE CEO IS DETERMINED BY THE BOARD OF TRUSTEES BASED ON A

REVIEW OF PERFORMANCE AGAINST GOALS. COMPARABILITY DATA HAS NOT BEEN USED

IN DETERMINING CEO COMPENSATION SINCE THE FIRST YEAR OF INCEPTION.

INDEPENDENT PERSONNEL, BOARD CHAIR, BOARD VICE-CHAIR AND PAST BOARD CHAIR

REVIEW AND APPROVE CEO'S COMPENSATION. RESULTS ARE DOCUMENTED IN A LETTER

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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2

Employer identification number

Schedule O (Form 990 or 990-EZ) (2017)

Schedule O (Form 990 or 990-EZ) (2017) Page 

Name of the organization
SPECIES360 41-1637575

FROM THE BOARD CHAIR AND SHARED WITH THE EXECUTIVE COMMITTEE. LETTER IS

RETAINED IN CEO'S EMPLOYEE FILE. THIS PROCESS LAST OCCURRED AT THE

BEGINNING OF 2018.

ALL OTHER KEY EMPLOYEES' PERFORMANCES ARE REVIEWED BY THE CEO AGAINST GOALS

AND COMPENSATED ACCORDINGLY.

FORM 990, PART VI, SECTION C, LINE 19:

THE ORGANIZATION MAKES ITS GOVERNING DOCUMENTS, CONFLICT OF INTEREST

POLICY, AND FINANCIAL STATEMENTS AVAILABLE TO THE PUBLIC UPON REQUEST.

10160626 131839 053-12500700  2017.04000 SPECIES360 053-8WT1
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File by the
due date for
filing your
return. See
instructions.

723841  04-01-17

| File a separate application for each return.

| Information about Form 8868 and its instructions is at .

Electronic filing 

Enter filer's identifying number

Type or

print

Application

Is For

Return

Code

Application

Is For

Return

Code

1

2

3a

 b

 c

3a

3b

3c

$

$

$

Balance due.

Caution: 

For Privacy Act and Paperwork Reduction Act Notice, see instructions. 8868

www.irs.gov/efile e-file Charities and Non-Profits.

Form

(Rev. January 2017)
OMB No. 1545-1709

 You can electronically file Form 8868 to request a 6-month automatic extension of time to file any of the

forms listed below with the exception of Form 8870, Information Return for Transfers Associated With Certain Personal Benefit

Contracts, for which an extension request must be sent to the IRS in paper format (see instructions). For more details on the electronic

filing of this form, visit , click on Charities & Non-Profits, and click on  for 

All corporations required to file an income tax return other than Form 990-T (including 1120-C filers), partnerships, REMICs, and trusts

must use Form 7004 to request an extension of time to file income tax returns.

Name of exempt organization or other filer, see instructions. Employer identification number (EIN) or

Number, street, and room or suite no. If a P.O. box, see instructions.

City, town or post office, state, and ZIP code. For a foreign address, see instructions.

Social security number (SSN)

Enter the Return Code for the return that this application is for (file a separate application for each return) �����������������

Form 990 or Form 990-EZ

Form 990-BL

Form 4720 (individual)

Form 990-PF

01

02

03

04

05

06

Form 990-T (corporation) 07

08

09

10

11

12

Form 1041-A

Form 4720 (other than individual)

Form 5227

Form 6069

Form 8870

Form 990-T (sec. 401(a) or 408(a) trust)

Form 990-T (trust other than above)

¥ The books are in the care of |

Telephone No. | Fax No. |

¥ If the organization does not have an office or place of business in the United States, check this box~~~~~~~~~~~~~~~~~ |

¥ If this is for a Group Return, enter the organization's four digit Group Exemption Number (GEN) . If this is for the whole group, check this

box . If it is for part of the group, check this box and attach a list with the names and EINs of all members the extension is for.| |

I request an automatic 6-month extension of time until , to file the exempt organization return

for the organization named above. The extension is for the organization's return for:

|

|

calendar year or

tax year beginning , and ending .

If the tax year entered in line 1 is for less than 12 months, check reason: Initial return Final return

Change in accounting period

If this application is for Forms 990-BL, 990-PF, 990-T, 4720, or 6069, enter the tentative tax, less any

nonrefundable credits. See instructions.

If this application is for Forms 990-PF, 990-T, 4720, or 6069, enter any refundable credits and
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FINANCIAL REPORT FOR THE FIVE MONTHS ENDING MAY 31, 2018 

May YTD revenues of $2.34M were 30K over budget and $37K over the same period last year. 
Expenses of $2.26M were $31K under budget, resulting in Net Operating Income (Line 21) of $87K 
and $61K over budget.   

 

May 31st Net Operating Income (Line 21) is $26K lower than the same period last year due to a change in 
accuring year-end bonuses on a straight-line monthly basis in 2018 vs in total at year-end during 2017.  
Total accured year-to-date in 2018 was $75K. 

Species360 A B C D E F

Income  Statement 201 8 ACTUAL YTD BUDGET YTD Variance PRIOR YTD Variance

For the Period Ending Budget May-1 8 May-1 8 B minus C May-1 7 B minus E

REVENUE:
1 Membership Renewal Fees 4,884,000     2,070,694     2,055,625     1 5,069        1 ,962,574     1 08,1 21      
2 New Membership Fees 1 1 3,000        69,980          32,446          37,534        25,096          44,884        
3 New Member Initiation Fees 1 42,000        57,653          59,335          (1 ,682)         68,750          (1 1 ,097)       
4 P remium Services 1 95,000        31 ,590          75,364          (43,774)       91 ,768          (60,1 78)       
5 Training Services 1 0,000          1 3,578          4, 1 65 9,41 3          1 9,886          (6,309)         
6 G overnment G rants - - - - 79,550          (79,550)       
7 Community Funded 1 04,000        51 ,642          53,584          (1 ,942)         - 51 ,642        
8 Science 80,000          41 ,863          1 6,665          25,1 98        - 41 ,863        
9 P hilanthropic & Sponsor Support 25,000          7,000 1 7,000          (1 0,000)       1 5, 1 25          (8,1 25)         
1 0 Miscellaneous (1 83) 30 (21 3) 44,1 45          (44,328)       
1 1        Total Revenue 5,553,000     2,343,81 6     2,31 4,21 4     29,602        2,306,894     36,922        

EXPENSE:
1 2 Member Support 539,000        220,031        227,1 40        (7, 1 09)         207,772        1 2,259        
1 3 Member Training 1 61 ,000        69,71 3          67,279          2,434          74,828          (5,1 1 5)         
1 4 Marketing & Communications 1 44,000        48,81 8          56,790          (7,972)         1 3,433          35,385        
1 5 Member Development 564,000        260,51 2        21 0,325        50,1 87        1 90,555        69,957        
1 6 Science 222,000        1 1 5,41 7        88,061          27,356        1 00,860        1 4,558        
1 7 P roduct 2,732,000     1 ,058,598     1 , 1 27,486     (68,888)       1 , 1 1 6,391     (57,793)       
1 8 G eneral O perations 269,000        1 25,554        1 29,21 9        (3,665)         1 03,747        21 ,807        
1 9 Finance & Administration 884,000        357,970        381 ,695        (23,725)       385,751        (27,781 )       
20       Total Expense 5,51 5,000     2,256,61 4     2,287,995     (31 ,381 )       2,1 93,336     63,278        

21 NET OPERATING INCOME 38,000          87,203          26,21 9          60,984        1 1 3,558        (26,355)       

22 Temp.  Restricted Net Assets Change (1 04,000)       84,1 54          (53,584)         1 37,738      1 5,000          69,1 54        
23 Capitalized ZIMS Development (1 ,490,000)    (508,1 1 2)       (678,230)       1 70,1 1 8      (71 1 ,206)       203,094      
24 Amortization/Depreciation/O ther 1 ,506,000     589,751        662,832        (73,080)       660,544        (70,793)       

25 CHANGE IN NET (82,000)         89,71 8          (1 1 ,967)         1 01 ,684      1 79,221        (89,503)       
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Revenue Highlights 

Membership Renewal Fees revenue through May 2018 of $2.07M is over budget and $108 over same 
period of 2017.  The increase compared to 2017 is driven by the pricing policy of a 4% increase annually, 
new members in 2017 and dropped members during 2017 reinstating their membership. 

Below is a graph showing other revenue sources cumulative revenue through May 2018 compared to 
budget and same period last year. 
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As of May 31st, we have 1111 total members, including associations. 42 new members, including 2 
associations, joining from January through May compared to 25 budgeted and 20 during the same 
period of 2017.  The chart below also reflects additional  new members added through June 22nd. 

Below is a chart showing $102K of annualized membership fees (recurring annual revenue) for new 
members joining through May 31st, $55K over budget and $83K greater than the same period of 
2017.  The chart below also reflects annualized new membership fees through June 22nd. 
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As of May 31st, new member initiation fee sales of $58K were $8K over budget and $33K over than 
same period last year.  The chart below also reflects initiation fees through June 22nd. 

 Membership Develop activities have been very strong in early 2018 compared to prior year.  Of the 42
new members acquired, three of them of are returning members currently using TRACKS.  A proposed
agreement to add $40K in annual membership fees and 43 organizations in India is still under review
and consideration by CZA. The cumulative annualized new membership fees chart reflects this
increase budgeted in October.

 Premium Services revenue of $32K were under budget due to timing of starting new projects in 2018.
Funds have been received for TRACKS migrations to ZIMS for Memphis Zoo and Nashville Zoo.
Migration tool development has begun but no revenue has been reflected at this time.   Sales efforts
are still underway for additional premium service work with expected deliveries now in 2019.

 Government Grants revenue is under compared to prior year because there is no project planned for
2018 and the IMLS project was completed in September 2017.

 Community Funded revenue of $52K is close to budget and represents the initial work done on the
Animal Care Project that is targeted to be released in Q3 of 2018.

 Science revenues are over budget because initial phases of the CITES project have been
completed.  Species360 has signed its first project with the CITES Secretariat which will generate
$104K of revenue in 2018 and provide critical funding to retain a member of Dalia’s Science Team.

 Sponors revenue of $7K is $10K under budget. The year to date actual includes a $5K renewal from
Mazuri and a new $2K sponsorship from Kasper Faunafoodand.  zoOceanarium has decided not
to renew their $10K sponsorship in 2018.
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Expense Highlights 

Operating expenses through May 2018 of $2.26 are $31K under budget. 

 Member Development expenses of $120K were $50K over budget primarily due the timing and level of
sales commission expenses related to new member acquisition activities.

 Product expenses of $409K were $69K under budget due to an open developer position early in the
year and a lower level of contract developer fees related to premium services.

 Science expense of $115K were $27 over budget due to getting an unbudgeted project funded from
CITES.

 Finance & Administration expense of $357 were $24K under budget primarily due to lower 2nd quarter
board meeting costs.

Species360 A B C D E F

Income  Statement 201 8 ACTUAL YTD BUDGET YTD Variance PRIOR YTD Variance

For the Period Budget May-1 8 May-1 8 B minus C May-1 7 B minus E

EXPENSES:
1 2 Member Support 539,000        220,031        227,1 40        (7, 1 09)         207,772        1 2,259        
1 3 Member Training 1 61 ,000        69,71 3          67,279          2,434          74,828          (5,1 1 5)         
1 4 Marketing/Communications 1 44,000        48,81 8          56,790          (7,972)         1 3,433          35,385        
1 5 Member Development 564,000        260,51 2        21 0,325        50,1 87        1 90,555        69,957        
1 6 Science 222,000        1 1 5,41 7        88,061          27,356        1 00,860        1 4,558        
1 7 P roduct 2,732,000     1 ,058,598     1 , 1 27,486     (68,888)       1 , 1 1 6,391     (57,793)       
1 8 G eneral O perations 269,000        1 25,554        1 29,21 9        (3,665)         1 03,747        21 ,807        
1 9 Finance & Administration 884,000        357,970        381 ,695        (23,725)       385,751        (27,781 )       
20       Total Expenses 5,51 5,000     2,256,61 4     2,287,995     (31 ,381 )       2,1 93,335     63,278        
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Membership Review 

Below is a graph showing collection of $4.68M of 2018 membership renewals received through June 
22, 2018 compared to $4.34 received as of June 30, 2017. 

Member Summary 5.31 .1 8 5.31 .1 7

# #
Renewing Members 1 069 1 034

Institutional 1 000 97 3

E ducation 21 1 7

A ssociation 48 45

New Members 42 20

Institutional 40 1 8

E ducation 0 0

A ssociation 2 2

Total Members 1 1 1 1 1 054

Suspended Members 1 0

Institutional 1 0

Dropped Members 8 2

Institutional 8 2

Members at Risk of Dropping 4 NA

Members at Risk of Dropping Next Y ear 1 NA
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Financial Position 

Species360
Balance Sheet
As of 5/31 /201 8 1 2/31 /201 7 5/31 /201 7

CURRENT ASSETS
Cash and Cash E quivalents 2,61 9,203$     1 ,71 9,81 1$     1 ,830,585$     
Investments 2,063 2,246 2,1 63 
Accounts Receivable,  net 41 8,220          71 ,785 630,704          
P repaid E xpenses 29,764 47,395 54,699 

Total Current Assets 3,069,250       1 ,841 ,237       2,51 8,1 52       

OTHER ASSETS
P roperty and E quipment,  Net 1 08,646          1 27,467          1 51 ,292          
ZIMS Software Development,  Net 4,228,466       4,291 ,284       4,693,934       

Total O ther Assets 4,337,1 1 3       4,41 8,752       4,845,226       

Total Assets 7,406,363$     6,259,988$     7,363,378$     

L IABIL ITIES
Accounts P ayable 89,647$          80,556$          1 31 , 1 1 0$        
Accrued E xpenses 20,594 1 2,895 34,201 
Accrued P ayroll Liabilities 1 03,500          205,1 61          2,226 
Refundable Advance - 32,624 - 
Deferred Revenue 3,31 7,898       2, 1 29,51 5       3,097,439       
Deferred Lease Incentive 75,1 85 86,241 1 01 ,721          
      Total Liabilities 3,606,824       2,546,991       3,366,698       

NET ASSETS
Unrestricted 3,61 0,881       3,605,31 7       3,981 ,681       
Temporarily Restricted 1 91 ,834          1 07,680          1 5,000 
      Total Net Assets 3,802,71 5       3,71 2,997       3,996,681       

Total Liabilities and Net Assets 7,409,538$     6,259,988$     7,363,378$     
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2018 Year-end Forecast 

Species360 A B G H

Income  Statement 201 8 ACTUAL YTD 201 8 Over /

For the Period Ending Budget May-1 8 YE Forecast (Under)

REVENUE:
1 Membership Renewal Fees 4,884,000 2,070,694 4,91 6,000 32,000          
2 New Membership Fees 1 1 3,000        69,980          1 83,000        70,000          
3 New Member Initiation Fees 1 42,000        57,653          1 48,000        6,000 
4 P remium Services 1 95,000        31 ,590          1 50,000        (45,000)         
5 Training Services 1 0,000          1 3,578          21 ,000          1 1 ,000          
6 G overnment G rants - - - - 
7 Community Funded 1 04,000        51 ,642          1 77,000        73,000          
8 Science 80,000          41 ,863          1 65,000        85,000          
9 P hilanthropic & Sponsor Support 25,000          7,000 7,000 (1 8,000)         
1 0 Miscellaneous (1 83) - - 
1 1        Total Revenue 5,553,000 2,343,81 6 5,767,000 21 4,000        

EXPENSE:
1 2 Member Support 539,000        220,031        530,000        (9,000)           
1 3 Member Training 1 61 ,000        69,71 3          1 66,000        5,000 
1 4 Marketing & Communications 1 44,000        48,81 8          1 44,000        - 
1 5 Member Development 564,000        260,51 2        630,000        66,000          
1 6 Science 222,000        1 1 5,41 7        31 5,000        93,000          
1 7 P roduct 2,732,000 1 ,058,598 2,81 4,000 82,000          
1 8 G eneral O perations 269,000        1 25,554        270,000        1 ,000 
1 9 Finance & Administration 884,000        357,970        860,000        (24,000)         
20       Total Expense 5,51 5,000 2,256,61 4 5,729,000 21 4,000        

21 NET OPERATING INCOME 38,000          87,203          38,000          - 

22 Temp.  Restricted Net Assets Change (1 04,000)       84,1 54          (1 08,000)       (4,000)           
23 Capitalized ZIMS Development (1 ,490,000) (508,1 1 2)       (1 ,690,000)    (200,000)       
24 Amortization/Depreciation/O ther 1 ,506,000 589,751        1 ,356,000     (1 50,000)       

25 CHANGE IN NET (82,000)         89,71 8          264,000        346,000        
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YEAR-TO-DATE NEW MEMBERS as of 22 June 2018 

+ 163% OF BUDGET
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YEAR-TO-DATE ONE-TIME INITIATION FEES as of 22 June 2018 

 

+117% OF BUDGET 
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YEAR-TO-DATE RECURRING MEMBERS as of 22 June 2018 

+ 231% OF BUDGET
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NEW AQUARIUM MEMBERS 

9 New Aquarium Members Year-To-Date 
 

1. Great Lakes Aquarium, Minnesota 

2. L'Oceanografic, Spain  

3. Audubon Aquarium of the Americas, New Orleans  

4. Butterfly House & Aquarium, South Dakota  

5. Kolmarden Tropicarium, Sweden 

6. National Marine Aquarium, UK 

7. Bermuda Aquarium 

8. Malmo Aquarium, Sweden 

9. Gulf World, Florida (payment pending) 

 

Reconciling Aquarium Members Pricing 

• Scale:  7 aquariums 

   Europe:  Genova, Friesland Aquarium 

   Japan:  Aquamarine Fukushima, Kamogawa Sea World, Tokyo 

Sea Life Park 

   N. America:  National Aquarium Baltimore, Marine Life West 

Edmonton Mall 

• Issue:  Had been paying a discounted ARKS aquarium membership fee of 

$1,500 for many years; presenting fee equity issue with other aquariums  

• Solution:  Most are being moved to a standard annual fee level over a 4 

year transition period 

   Communication to be distributed a year in advance; specific 

date not yet determined 

   National Aquarium Baltimore (TRACKS user) will not have 

their membership renewed; but provided other options for 

limited access to aggregated data 

• Risk:  Member retention 

90



2018 Q3 Conference Call 
GLOBAL MEMBER DEVELOPMENT 

FOR REVIEW 

2018 Q3 Conference Call Packet – Pre-Read Material 

SPOTLIGHT NEW MEMBER 

Ouadi Rime Ouadi Achim Reserve, Chad 

• In-situ field project to reintroduce Scimitar-horned Oryx

 Led by Environmental Agency, Abu Dhabi; Government of Chad; Deleika

Wildlife Center (our member)

• Goal:  Create a healthy and viable population of 500 Oryx in this isolated,

protected preserve

• “Possibly the world’s most ambitious large mammal reintroduction program,

and a huge step in the field of conservation.”

• With this new member, Species360 now supports members in 96 countries

Sumatran Orangutan Conservation Programme 

• “Traditionally we only had one species, the Sumatran orangutan, so we simply

used excel files for our database needs.”

• Now, we are embarking on a major new project known as the Orangutan

Haven, which will eventually also house fruit bats (for education) and bird

species (part of the EAZA Asian Songbird Crisis program -

https://www.silentforest.eu/).

• We felt it was now time to make an improvement and upgrade to a more

comprehensive records keeping system.”

• Please see attached booklet:  Orangutan Reintroduction - Creating New Wild

Populations
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RESEARCH PARTNER PROGRAM LAUNCHED 

A new service, whereby partners are provided limited online access to some 

aggregated standard reports to support their research.   

• University of California, at Davis, USA - individual researcher conducting 

research on wildlife life history and behavior change over time and space. 

 Particularly interested in examining variation in birthing times across a 

latitudinal gradient, supplementing work being done in the field. 

• University of Pennsylvania, USA - Conducting research on wildlife fertility and 

how it varies by birth season and by species.  

• Babes Bolyai University, Romania - Their Evolutionary Ecology Group wants to 

enhance their field-collected physiological measurements on bird species 

with zoo results.  Research focused on finding correlations between bird 

species physiological parameters, specimen size, and overall health 

predictors. 

• Murdoch University, Australia - Compliment their field research in numerous 

wildlife medical areas with aggregated zoo data for a more complete species’ 

understanding. 

• Sorrento Therapeutics (Nasdaq: SRNE) & their ARK Animal Health 

subsidiary, USA - Clinical stage biotechnology company involved in physical 

research, primarily engaged in the discovery and development of therapies 

focused on oncology and the treatment of chronic cancer pain – in human, 

companion animals, wildlife.   

 

There’s growing interest in ZIMS data from researchers which supports our 

strategy to strengthen our data-based ‘impact on conservation’. 
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FUNDRAISING: ACCESS PHILANTHROPY 

• National philanthropic research & communications firm serving nonprofits - to 

strengthen our organizational fundraising goals. 

• 10-week engagement:  

   Donor/Funder Perceptions on Species360 - Research  

   Identify Funder Targets  

   Effective Framing and Messaging   

• Advised that building trusted relationships with Grantors for unrestricted funds 

may require 18-24 months of effort 

• Final report due June 28 – more information will be provided in the 

Presentation segment 
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COMMUNICATIONS UPDATE 

Summary 
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COMMUNICATIONS UPDATE 

PROJECTS BY MONTH 
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PUBLISHING HIGHLIGHTS 
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A major focus of the SOCP is its specialist Orangutan Quarantine Centre near Med-
an, North Sumatra, Indonesia. Since its completion in 2002, the centre has confis-
cated and cared for over 350 orangutans. Today, more than 170 individuals have 
been released to the wild at the SOCP’s Orangutan Reintroduction Centre in the 
rainforests of Bukit Tigapuluh National Park, near Jambi in central Sumatra, and 
100 at a second Reintroduction Centre in the Jantho Pine Forest Nature Reserve in 
Aceh, near the northern tip of the island.

With these reintroductions, two entirely new, genetically viable and self-sustain-
ing wild populations of this Critically Endangered species are being established in 
Jambi and Jantho, areas that historically did once harbour wild orangutans, but 
did not in more recent times.

Background 

The Sumatran Orangutan Conservation Programme (SOCP) is a collaborative pro-
gramme of the Swiss based PanEco Foundation, its Indonesian partner Yayasan 
Ekosistem Lestari (YEL, Sustainable Ecosystem Foundation), and the Indonesian 
Government’s Directorate General of Natural Resource and Ecosystems Conserva-
tion. The SOCP works on all aspects of Sumatran orangutan conservation including:

•  Rescue, quarantine and reintroduction of illegal pet orangutans to form new, 
genetically viable and self-sustaining wild populations

•  Surveys and monitoring of remaining wild populations

•  Research on conservation and behavioural ecology of wild orangutans

•  Habitat conservation

•  Conservation education and awareness raising

«As far as I am aware, we are 
the only project actively estab-
lishing entirely new, genetically 
viable and self-sustaining wild 
populations of any great ape 
species, anywhere in the world»

Dr. Ian Singleton, Director SOCP
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Orangutans are the largest arboreal (tree-living) creatures on earth. They also 
have the longest inter-birth interval of any mammal, producing a single infant 
only once every 8 or 9 years. As they have their first infant at around 15 years of 
age, and can live to 50 or 60 years old in the wild, a mother orangutan may raise 
only 4 or 5 offspring in her lifetime. Orangutan populations, like humans and 
chimpanzees, are well-known for having unique forms of culture. Orangutans in 
different areas have traditions, specific «ways of doing things», for no reason oth-
er than having learned them from their mothers and peers. In the swamp forests 
on the west coast of Sumatra, for example, the orangutan culture includes regu-

The Sumatran Orangutan
larly and routinely making and using tools, to obtain honey from bees nests and 
to extract the seeds of the tough and extremely itchy Neesia fruits growing there. 

The Sumatran orangutan (Pongo abelii) is a unique species, genetically distinct 
from its relative the Bornean orangutan (Pongo pygmaeus). Recent surveys by the 
SOCP found only around 14,000 wild Sumatran orangutans remain, and that all 
the species’ populations are still declining rapidly. Due to this, the International 
Union for Conservation of Nature (IUCN) lists the Sumatran orangutan as Critically 
Endangered on its Red List of Threatened Species.

«From our surveys in 2014 
we know there are only 
around 14,000 Sumatran 
orangutans left in the 
wild. That’s worrying 
when you remember 
some of the big football 
stadiums out there can 
seat up to 100,000 people, 
meaning all the Suma-
tran orangutans in the 
world would fit easily in 
the seats at just one end, 
behind the goal!»

Matthew Nowak, Director  
Biodiversity Monitoring Unit 
SOCP

Leuser Ecosystem

Batang Toru Ecosystem

Sumatran orangutan distribution
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Confiscation 

Orangutans have been formally protected by Indonesian law for many decades. It 
is illegal to capture, kill, keep or trade them (Law No. 5/1990). These activities con-
tinue, however, due to inadequate law enforcement. The SOCP is working closely 
with the Indonesian authorities to address this problem. We constantly investigate 
cases of illegal capture, keeping and trade in the species, and regularly confiscate 
those being kept illegally as pets, but more prosecutions and much stiffer sentenc-
es are still needed. Often, confiscated orangutans have been very badly treated in 
captivity, and are frequently in poor health. Some also have horrific injuries.

«It’s always a thrill to see the 
orangutans we’ve cared for 
living free again, as wild oran-
gutans in the forest. Its espe-
cially heart warming when 
you remember the appalling 
condition some of them were in 
when they arrived at the SOCP 
and we first met them.»

Drh. Yenny Saraswati,  
Senior Veterinarian SOCP
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Quarantine Centre 

Confiscated orangutans are brought to the SOCP’s purpose built Orangutan Quar-
antine Centre in North Sumatra. Facilities at the centre include a fully equipped 
medical clinic, 20 quarantine isolation cages, an infant house for very young oran-
gutans, three large socialization cages housing orangutans that have successfully 
passed their quarantine period and are preparing for release, and six long-term 
cages for those that for reasons of health or disability, cannot be released to the wild. 

Very young infants still needing milk from a bottle are initially taken care of 
24-hours a day by dedicated caretakers. As they build their strength and confi-
dence they are slowly introduced to each other, gradually learning that they are in 
fact young orangutans, not strange, hairy humans. As they grow they spend less 
and less time with people and more with other orangutans like themselves, until 
they are old enough and ready to be released to the forest again. They are then 
transferred to one of the SOCP’s two Reintroduction Centres to further polish their 
forest skills and begin the process of becoming truly wild orangutans once more.
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Routine Medical Checks

On arrival at the SOCP, all orangutans 
undergo a minimum 1-month quaran-
tine isolation period, which begins 
with full medical checks. Thorough 
screening of new arrivals and treat-
ment of any ailments is essential to en-
sure the health of all the orangutans at 
the centre, and of the new populations 
being created at the reintroduction 
centres. 

Orangutans share approximately 97% 
of their DNA with humans and can 
catch and pass on the same illnesses 
and diseases that we can. Wild orangu-
tans are generally healthy, but when 
captured and brought into captivity 
they readily contract diseases and para-
sites. In fact, every orangutan the SOCP 
has ever received has arrived with a 
very high parasite (intestinal worm) 
count, picked up during their time in 
captivity. 

Luckily, parasites are relatively easily 
treated, but for these reasons we have 
to ensure that all of the orangutans are 
in excellent health and fully fit before 
they are released again to the wild, to 
minimize the risks of also releasing dis-
eases and parasites into the new popu-
lations being established, and of in-
fecting other wild primates already 
living there.

In addition to medical checks, all of the 
orangutans are:

•  Photographed (portrait and 
dentition)

•  Fingerprinted

•  Tattooed with an individual code 
number

•  Microchipped (with a unique code, 
injected under the skin)

These procedures ensure we can  
accurately identify and monitor the 
physical and behavioural health of 
every individual received, even after 
they have been successfully returned to 
the wild.
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Socialization

After passing their health checks and quarantine period satisfactorily the orangu-
tans are then transferred to large socialization cages and gradually introduced to 
others of a similar age. Here they begin to learn what it is to be an orangutan again. 
This stage in the SOCP process is a very rewarding one. For many of those arriving 
at the Quarantine Centre this is the first time they have met another orangutan 
since their own capture, and the death of their mother. Often they seem to gain a 
new sparkle in their eyes and renewed enthusiasm for life at this stage. 

During the socialization phase, in small groups of compatible individuals, the or-
angutans learn new social and behavioural skills from each other that they will 
later need when eventually released to the wild at one of the SOCP’s Reintroduc-
tion Centres. Transfers of orangutans to these protected forest areas normally  
include those that have spent a lot of time together and know each other well, so 
that they travel and arrive with «friends». This helps to minimize the stress of the 
move and maximizes their chances of settling in well to their new surroundings.

«When you look into an oran-
gutan’s eyes it’s obvious some-
one is looking back at you. 
Not a «thing», but a person, 
an equal! There’s an instant 
emotional relationship, and 
too often also a sense of guilt, 
that we humans are capable of 
treating them so badly. Allow-
ing them to disappear from the 
face of the earth would be one 
of the most despicable things 
human beings have ever done.» 

Regina Frey, President and Founder 
PanEco Foundation
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«The ultimate aim at the rein-
troduction centres is to release 
at least 250 individuals at each, 
to ensure the new populations 
being created will be geneti-
cally viable and self-sustaining 
over the long-term, thereby 
creating two entirely new wild 
populations of this Critically 
Endangered species.»

Mukhlisin, Jantho Reintroduction  
Centre Manager SOCP

Reintroduction – Creating New Wild Populations

Once groups of compatible orangutans have been established in the socialization 
cages, they are then transferred to one of the SOCP’s two Reintroduction Centres, 
at the edge of Bukit Tigapuluh National Park in Jambi and in the Jantho Pine Forest 
Nature Reserve in Aceh. Accompanied by familiar staff and travelling together as 
a «group of friends» minimises stress and helps them adjust to their new environ-
ment. At their new location they are temporarily housed in holding cages again, 
only this time deep in the heart of the rainforest.

When settled, the orangutans begin learning about life in the trees. They must 
gain the knowledge and new skills they need before release to have the best  
possible chance of survival. Staff collect natural foods and nesting materials in the 
forest for them, so they already know what is food and how to eat it when they 
are released. Experienced caretakers assess the progress of each orangutan and 
when considered likely to be able to survive in the wild they are taken to a suitable 
site and fully released. SOCP staff continue to monitor their progress on a daily 
basis until satisfied that they are managing to cope by themselves. Even then, they 
continue to monitor them in the forest and remote survey teams venture further 
afield to locate orangutans not seen for some time and check on their progress 
too.
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Support the SOCP with a Donation 

We have a proven record with measurable results in the confiscation and reintro-
duction of orangutans, in long-term scientific research, and in the monitoring and 
protection of orangutan populations in Sumatra, all in a country with enormous 
pressure for unsustainable economic development at the expense of wilderness and 
biodiversity.

Your donations will be used directly for our programmes, allowing us to increase 
our efforts to protect the remaining wild Sumatran orangutan populations in their 
natural habitat, and  to continue to confiscate illegally kept orangutans, giving 
them the chance to return to the wild and creating entirely new wild populations 
of this Critically Endangered species. 

The SOCP also …

Fights to Conserve the Leuser Ecosystem 
The SOCP works constantly to prevent the destruction and fragmentation of the 
2.6 million ha Leuser Ecosystem in northern Sumatra, which harbours around 85% 
of all remaining wild Sumatran orangutans. Notable successes have been achieved, 
including the cancellation of a major palm oil concession in the Tripa peat swamps 
region of the Ecosystem, and record fines against the company. Nevertheless,  
constant vigilance is required to prevent inappropriate developments within Leus-
er’s critically important forests and ensure the continued existence of what has 
been referred to as one of the «World’s Most Irreplaceable Protected Areas».

Protects Habitat in the Batang Toru Forests
The Batang Toru forests, totaling 136,284 ha in North Sumatra, are home to the 
southern-most naturally occurring viable population of Sumatran orangutans – in 
fact, one that is quite unique, being genetically distinct from those found further 
north. The SOCP has already succeeded in closing a major timber concession and 
establishing protected status for 88,000 ha of the Batang Toru forests. We now 
work with local stakeholders to manage and conserve this important orangutan 
habitat and critical watershed, both for its biodiversity and its surrounding  
human communities.

Studies and Monitors Wild Sumatran Orangutan Populations
With local, national and international universities, and many other local institu-
tions, the SOCP conducts essential surveys and monitoring of remaining wild  
Sumatran orangutan populations and their habitat, and continues long-term stud-
ies of their behaviour and ecology in the wild at the well known Suaq Balimbing 
research station in Aceh, and in the Sikundur and Batang Toru forests of North 
Sumatra.

Is developing the «Orangutan Haven», a Unique Conservation Resource
Some of the SOCP orangutans cannot be released to the wild. They include «Leus-
er», a large male blind after being shot 62 times with an air rifle. The Orangutan 
Haven will provide these individuals optimum long–term care, on large naturalistic 
islands. Visitors will learn about their plight, the value of the region’s forests and 
the importance of sustainable development, not just for the regions incredibly rich 
biodiversity but also for their own livelihoods and prosperity. This exciting project 
will be a unique resource for schools, universities and many others, and will play a 
major role in changing the perceptions and behaviour of people from all walks of 
life.

«Without the support of our 
many friends and donors none 
of this essential work would 
be possible. We need all the 
support we can get if we are 
to prevent the extinction of 
this magnificent species in our 
lifetime.»

Dr. Ian Singleton, Director SOCP

Donations can be made via the following options:

www.sumatranorangutan.org/donate
www.paypal.me/socp
Direct bank transfer via  IBAN CH62 0483 5049 0097 1200 2  
    BIC / SWIFT CRESCHZZ80A 
    Payment reference «SOCP», if applicable
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@sumatranorangutan

SOCP Indonesia
Yayasan Ekosistem Lestari
Jl. KH Wahid Hasyim no. 51/74
Medan 20154 
Indonesia
+62 61 451 43 60
info@sumatranorangutan.org
www.yel.or.id

SOCP Switzerland
PanEco Foundation
Chileweg 5
CH-8415 Berg am Irchel 
Switzerland
+41 52 354 32 32
info@paneco.ch
www.paneco.ch @socp.official

@socp_tweets

www.sumatranorangutan.org

If you would like to find out more about our work and how you can help, 
please visit our website

Follow SOCP on Social Media:
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Member Support and Training 

These two teams – member support and member training – work closely with our members 

in everything from getting started using ZIMS to taking advantage of ZIMS’ more advanced 

features.  The support team fields thousands of questions and suggestions annually, and the 

training team creates hundreds of help documents as well as self-guided and instructor-led 

trainings throughout the year.  For most members, these two teams are the face of 

Species360. 

Satisfaction 

We constantly measure our members’ satisfaction with their support experience.  Each time 

we close a support issue, the member who submitted it receives a survey.  Key satisfaction 

indicators include whether the first solution we offered solved the problem (reducing the 

amount of time wasted because we didn’t understand what the member needed); whether the 

member was satisfied with the resolution we offered; and overall satisfaction rating (with 

both their member rep who helped them solve the issue, and with the issue resolution process 

itself.) 

2018 through May: 

• Our first response will resolve the issue 85% of the time: currently 91% YTD average.
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• Members will be satisfied with the resolution 95% of the time: currently 98% YTD average.

• Members’ overall satisfaction score will be 4.8/5: currently at 4.87 YTD average.

We are on track to meet these targets by the end of the year. 
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Issue Volumes 

Issue volume gives us a glimpse into how often members need to stop work to get help; it 

can also let us know how often we need to reach out to a member to fix a problem they might 

not have been aware of. 

2018 through May: 

• 3667 issues opened

o 77% opened by members

o 23% opened by Species360 (for example, to reach out to a member when we

found a data problem they needed to be aware of)

ZIMS Usage 

Being an engaged Species360 member means contributing to the global database.  We have 

two key measures of member engagement that can be impacted by member support: how 

long it takes a new member to get started in ZIMS, and how many members are “active” (i.e., 

contributed data within the last 90 days.) 

2018 through May: 

• It will take an average of 100 days for a new member to get started: currently at 68 YTD*.

• No more than 11% of members will be inactive: currently at 14% YTD**.

We are pleased with how quickly these new members have begun to engage with ZIMS.  Last 

year, we completed a series of "getting started" help materials which are now being given to 

all new members, and they seem to be making an impact.  

Regarding the inactive members, per the member agreement, data must be current to within 

90 days: currently, 95% of members are meeting this target (meaning that when we look at 

members' ZIMS usage over the past 90 days, only 5% are inactive). 

* This is calculated by looking at members who submitted animal data for the first time, who had joined

within the past year. 

** We are only measuring activity for ZIMS-using members; the very few using ARKS are not being 

measured. 
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Member Self-Sufficiency 

For each issue a member submits, we identify a “root cause” that helps us answer the 

question “Why did the member have to stop working and ask us for help?”  We use the 

results of this root cause analysis to identify areas where more help or training resources 

are needed.  Particular targets include usability issues, where training or some user interface 

changes might be in order, and data problems, where we might need some clean up tools to 

help members improve their data on their own. 

2018 through May: 

• No more than 20% of members will submit issues in a month: currently at 23%

YTD.

• Each month, we identify those areas of ZIMS that result in the most member-

submitted issues.  This way, we can determine what area of ZIMS to focus on for

development work and training materials.  This year, "usability" remains one of

the key reasons members submit issues, for example, if they do not know how to

do something, or if they think a report is incorrect because they do not

understand it.  Nearly 20% of member-submitted issues fall in this category.  (The

largest category, "other", comprises 33% of the total; of these, more than 30% are

SPARKS migration questions which will decline as more members move to ZIMS

for Studbooks.  The rest of the "others" are scattered across a variety of topics.

Hence, we are focusing on usability.)

In-Person/Instructor Led Trainings 

We offer instructor-led trainings throughout the year both in-person at various conferences 

and via webinar.  In addition, we are often invited to conduct in-person trainings for specific 

groups (often including people who from institutions that are not yet members.)  These can 

be particularly helpful in regions where Species360 is relatively new or where few 

institutions are members.  Through May, we have revenue of $13.500. 
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2018 through May: 

• 31 in-person trainings (43 in 2016)

• 13 webinars (24 in 2016)

• 325 participants (600 in 2016)

Self-Guided 

With the delivery of ZIMS for Studbooks and bi-weekly incremental releases the continual 

need to review and maintain ZIMS training and help documentation continues to increase. 

At present, we maintain a library of:  

• 257 (up from 245) help documents

• 277 (up from 265) training and marketing documents

• 667 (up from 583) "in ZIMS" help features - called "WalkMe", this is our on-board help

system that includes contextually-relevant videos, documents, PowerPoints, and

guided help.

With a user base of thousands, in-person and instructor-led trainings simply cannot reach 

enough members to be a primary training strategy for us.  We provide ways for members to 

train themselves, at their own convenience and pace.  Our "LearnZIMS" environment offers 

self-guided practice that provides all members with a protected ‘playground’ with which to 

practice ZIMS without altering live data.  

2018 through May: 

• 491 participants practiced with LearnZIMS
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WalkMe 

With our adoption of the digital adoption platform “WalkMe” we have grown our direct user 

engagement through creative implementations with this ‘just in time’ tool. We notify users 

of upcoming service windows, provide immediate feedback when application bugs have 

been identifies, stemming the tide emails to our support team and limiting the need for 

members to check with the public list serve on the status of ZIMS. Additionally we have 

begun adding more rich-media into the application via WalkMe providing users with videos 

and interactive walkthrough for more and more features. We are working on a new program 

to promote the concept raised by one of our vet users ‘ZIMS is Easy’ – using this phrase and 

delivering easy to follow tutorials on ZIMS functionalities, we aim to reaffirm the idea that 

ZIMS is a simple to use and effective tool for all users.  

WalkMe usage 2018 through May: 

• 6,940 users

• 16,712 menu opens

• 93% engaged with WalkMe more than once

• 43% of searches resulted in user actions

• 149,355 total engagements with WalkMe resources
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Top 10 Searches in WalkMe: 
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Educational Members 

Colleges and universities use ZIMS as part of their curriculum.  While some actually hold 

animals and are institutional Species360 members (training students in live ZIMS as part of 

their day-to-day operations), others do not hold animals and are educational members who 

use a “training” version ZIMS to train students.  This ZIMS does not have institutional 

members’ live data in it (though educational members do have access to Species Holdings 

in live ZIMS).  It is immensely valuable for students in these programs to have training in the 

importance of records, and to leave their programs assuming ZIMS is the default record-

keeping system in our community 

2018 through May: 

• No new educational members. Two new research members.

Our 16 education license members result in $28,000 revenue annually.
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Introduction 

In the first two quarters of 2018, the Product Development team continued to release new 

features for and improve the quality of all software products.  We implemented new processes 

and controls into our software development process.   We also began work on several premium 

service projects.  This document provides an update on product metrics as of the end of Q2 

2018.  This includes adoption metrics, transaction growth, and product quality.  It also includes 

key highlights of the product team results and plans for remainder of 2018.   

Product Metrics 

Product Adoption 

ZIMS for Husbandry 

The use of ZIMS for 

Husbandry remained 

strong throughout 2018, to-

date.  As of June 2018, there 

were 1,024 biological 

institution members of 

Species360, of which 93% 

managed some piece of 

data in ZIMS.  This includes 

zoos, aquariums, research 

and rehab facilities, regional 

associations, and other partners.  Figure 1 shows that each region was above 90% in activity. 

Figure 1 
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ZIMS for Medical 

ZIMS for Medical adoption 

showed continued growth in 

2018.  A total of 547 members 

were active in ZIMS for 

Medical in 2018, as shown in 

Figure 2.  North America had 

an approximate 77% activity 

rate of its Species360 

members, and Europe had an 

approximate 41% activity rate of its Species360 members.  All other regions had varied 

between 40 - 80% of their Speceis360members active in ZIMS for Medical.   

ZIMS for Studbooks 

ZIMS for Studbooks now 

includes 262 studbooks.  249 

of those studbooks were 

migrated into ZIMS from 

SPARKS or PopLink.  13 

studbooks created directly in 

ZIMS for husbandry data. 

Figure 3 

Figure 2 
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Database 

The Global ZIMS database continues to grow at a consistent pace of 2-4% each month.  Growth 

is primarily measured in the ZIMS transactions, which represent a logical unit of work added 

by users while in the application.  This could include, for example, an animal birth, a feed log 

entry, a training session, etc. Approximately 5.5M ZIMS transactions were added to the 

database to-date in 2018, at an average of approximately 900,000 per month.  The lifetime 

total of ZIMS transactions maintained in the global database exceeds 37M. 

Product Team Updates 

ZIMS for Husbandry-Aquatics 

The Husbandry-Aquatics team released the highly-anticipated feature of Husbandry Log 

Templates in May 2018.  This feature allows a robust and streamlined entry of keeper daily 

information into ZIMS and was a major enhancement.  The team is currently developing 

Group Management improvements for merge/split history and Enclosure Inventory Reports.  

They continue to release bugs fixes every two weeks and have improved product quality with 

a temporary team focused solely on this area.  The team will begin development of Water 

Quality enhancements, accession enhancements, and will continue Group Management 

Enhancements. 

ZIMS for Medical 

The Medical team overall goal for 2018 is Sample Storage.  They have completed and 

deployed the first component of that with Sample Storage Location.  They are currently 

working on the second component, Sample Storage Transaction.  Sample Storage is the last 

substantive module from MedARKS to be replaced in ZIMS.  This development will also 

include a migration for Radiology notes.  A robust Imaging module is also being planned for 

a later date.  These features are being deployed into the Live environment but will be released 

once all Sample Storage components have reached the level of a minimal viable product.  

The team also continues to define high-level requirements and integration points for other 

related sample projects, like EAZA’s Biobank and San Diego Zoo Global’s Sample 

Management.  
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ZIMS for Studbooks 

The Studbooks team completed and released the Overlay feature in March 2018.  This was a 

major component and a key need for our regional association partners.  The team also 

released critical Animal History Filters.  The team is currently developing Merge/Split 

Functionality and Census Detail Report.  They have also begun a redesign of the transaction 

stream based on user feedback, which is now more substantive after a year of full use.  The 

team continues to focus on product quality for key issues to help the adoption and use of 

ZIMS for Studbooks.  The Product Owner, Katelyn Mucha, represented ZIMS for Studbooks at 

training courses and several midyear conferences, including the 3rd Joint TAG Meeting in 

Budapest. 

Premium Services 

The Premium Services team is currently responsible for all non-core ZIMS development and 

projects, including community-funded projects.  This largest project is ZIMS for Animal Care, 

which is approximately 80% complete and on-time for a September 2018 release.  Animal 

Care was presented at several conferences in Q2 and generated significant interest and 

excitement.  Other projects include the Tracks Migration for Nashville and Memphis Zoo, 

Advanced Access Management (AAM) Sustainability project with the Saint Louis Zoo, the 

Test Results Import project, and Data Migration Template projects for new members.  It also 

includes two projects for San Diego Zoo Global, a custom data migration of pathology data 

and a hosted data service project. 

Technology and Team 

The technology team represents our software engineers who are already a part of a product 

team(s) previously mentioned. They continue to make significant improvements to our 

products and processes from a technology point-of-view.  This includes the ability to deploy 

code to Live ZIMS prior to its actual release.  This allows for improved product quality and 

reduced product risk.  The team introduced more rigorous product design reviews and code 

reviews as application code matures through the development life cycle.  Part of these 

reviews result in code refactoring to simplify maintenance.  This was accomplished despite 

the core development team being reduced by 3 offshore developers.  This reduction allowed 

us to bring in a new onsite developer at Species360 and add a local contract developer.  

These changes did impact the product plans for this year, as mentioned above, but have 

positioned us for a stronger overall team. 

2018 Q3 Conference Call Packet – Pre-Read Material 
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New Partnerships 

• We are eager to inform that thanks to Jim's recent visit to ZAA we are starting a

promising partnership together with WRS and ZAA to further develop together research 

on targeted species threatened by the illegal trade.

• We continue working with TRAFFIC South East Asia, but as well now we are partners

with Monitor (a new NGO and non-profit organization led by Chris Shepherd).

Projects 

1. The conservation potential of aquariums in ZIMS. STATUS: submitted to the Journal Nature

Conservation (Appendix II, if you are curius).

2. A Global Database of Intentionally Deployed Wrecks to Serve as Artificial

Reefs, STATUS: submitted to the journal Data in Brief.

3. Assessing the potential of Species360 member’s data to fill knowledge gaps. STATUS:

paper submitted to Proceedings of the National Academy of Sciences

4. Developing a decision framework for the conservation of species for which the assistance of captive

breeding can be beneficial in the EU. STATUS: manuscript in last revision by coauthors.

5. Assessing the regional hotspots for legislative change for species laundered as “captive bred” with

financial support from WRS & SDU. STATUS: manuscript with coauthors.

6. Understanding the biological limits of turtles captive breeding, to inform which species are

highly likely to be laundered as captive bred in the international markets. STATUS: Report

delivered. Development of a first solid draft for publication pending upon discussing

results with Peter Paul Van Dijk and experts suggested.

7. Developing a prototype for a data integration portal for species conservation with the primary goal

to support TAGs and SSGs decision-making process (in collaboration with CPSG, partial

financial support from ODEx Danish Grant, we are still looking for matching funds).

STATUS: Preliminary data curation, exploration, and analyses finished as part of the

dissertation of a master student of the Species360 Conservation Science Alliance (see

Appendix I if you are curious). Next phase will be the development of a paper for publication 

of the results.
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8. Expanding the bio-bank: Developing a framework for the decision-making process of collecting bio-

samples and live cells for a global biobank. In collaboration with Yvonne Buckley, Trinity

College, Oliver Ryder San Diego Zoo, Tara Martin, University of British Columbia, and Zjef

Pereboom, Antwerp Zoo. This project is in its inception stages, so we are looking for other

collaborators that work with Biobanks around the world. Funding for a Ph.D. student

Andrew Mooney, from Trinity College STATUS: Scoping of the project will start in late July

2018.

Funding 

• WAZA is our first CSA member with a commitment of 25,000 USD for 3 years.

• Copenhagen Zoo our second CSA member with a commitment of 25,000 USD for 3

years.

• Proposal submitted to WRS for USD 20,000: aim to continue research on the

laundering of animals as "captive bred" in the international markets.

• Royal Society Grant (IES\R2\181204) International Exchanges 2018. Evolution and

genomics of aging in avian species. PI  Prof. Ariaxi Urrutia, co-PI Prof. Dalia A. Conde

(CSA). Although it is a modest grant that will support travel expenses between

researchers in Bath University, Species360 Odense offices and University of Lyon.

• SDU e-science grant to run analytics in the ABACUS 2.0 Super Computer-based at

SDU. ABACUS is not a free service and bills users according to how many node hours

are requested.  However it is possible to apply for grants to have time access to

ABACUS 2.0. We are extremely happy to inform you that we have granted enough

node-hours to i) run analytics on meta-genomics and ZIMS data (project describe

above) and ii) to produce the first set of Life Tables for approximately 300 species,

which is part of the strategic goal: Improving Data Sharing Processes and Data

Quality ( see page 3).
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Improving Data Sharing Processes and Data Quality 

The goals of building this tools are to attend research requests and for the Conservation Science 

Alliance to develop research projects that support Species360 members. The data extraction and 

analytical tools are both ready: 1) The extraction data tool is a query from the husbandry module 

in ZIMS to extract data on births, deaths, moves across institutions, and sterilization events in the 

right format to develop data quality control and analytics. The extraction tool delivers anonymized 

data for the GANs and Institutions IDs to protect our members' privacy. 2) The analytical tool 

identifies outliers and other data quality issues, and produces life tables from those species in 

ZIMS with more than 100 animals, from those Life tables,  we can provide even more aggregated 

results, such as species a species lifespan, which is a capability we do not have yet. However, we 

are now in the phase of developing the mechanism to ensure the maximum security of anonymity 

of the GAN and Members IDs, even after those have been already anonymized. The security 

protocols and tools are being developed by Doug Verduzco’s team.  

Species360 CSA Training the next generation 

Conservation course 

As part of the Species360, we run an intensive graduate course on Species Conservation in which 

the roles of Zoos and Aquariums and ZIMS data on species management and conservation are an 

integral part. Furthermore, students are exposed to CPSG PHVAs, SCTI tools and the SSC 

initiatives and structure. Our goal is next year to be able to have a SCTI member invited to the 

course if possible. The course is hosted and partially financed by GVISKUID ZOO, and it is part of 

the curriculum of the MsC at the  Department of Biology of the University of Southern Denmark. 

This year we had a total of 15 graduate students attending the course (April 16tht -21st). Our 

invited speakers via SKYPE this year were: Oliver Ryder (San Diego Zoo), Chris Shepherd 

(Monitor), Nafessa Esmail (Oxford) and Josh Courteau (Species360). This year Rita  da Silva was 

my Teacher Assistant.  
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Graduates Summer 2018 

We are proud that three students of the Species360 Science Team successfully graduated on 

June 28th (a Pdf of the thesis are provided in the Appendix I in case you are curius) 

 

Jeanette K. Hedeager: 

Msc thesis: Maximizing the conservation value of zoo & aquarium populations: Assesing 

the Aligment of Species Breeding Programs with Globla Prioritizitation Schemes.  

 

Cecilie Hee Frederiksen: 

Msc thesis: Using demography to unveil the laundering of species as “captive bred” in the 

international trade: the case of Asian Big Cats (Appendix III if you are curius). 

 

Line Lindholm Sørensen : 

Bachelor thesis: Laundering of species as captive bred in the international markets;  

a study case for three highly traded tortoises 

 

 

Next steps for our graduates: 

Line will continue her studies at SDU and will join the Species360 CSA to develop her master 

thesis.  

 

Cecilie Hee will be working with the Species360 CSA Science team, since she has been accepted 

at the European Doctoral School of Demography. There she will learn statistical and 

mathematical demography with worldwide leaders. She will develop her final project with us. The 

topic has not been decided, but the goal is to find a plan of importance to the management of 

species under our members care. We would appreciate feedback from the board on topics you 

find essential, for which demographic analyses (survival and fertility) are necessary.  

 

Jeannette will do an internship with Species360 in the summer, and she has applied for a grant 

to the Danish Government to work with any zoological association or Species360 member 

institution in Europe.In case you need an intern that is good, enthusiastic, likes and knows how 

to deal with data and loves ZIMS do not hesitate to contact Dalia A. Conde. 
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Species360 CSA team and Director of Gviskud Zoo celebrating the successful defense of 
Cecilie Hee and Jeanette’s Master thesis. 
From right to left: Johanna Staerk (CSA Research coordinator), Cecilie Hee (CSA MSc 
graduate), Richard Richard Østerballe, Examinator as Censor Director of GIVSKUD ZOO – 
ZOOTOPIA, Jeanette K. Hedeager (CSA MSc graduate), Dalia A. Conde (Director of Science 
Species360), Lionel Jouvet (CSA Data and Analytics) and Rita Silva (Ph.D. fellow of 
Species360 CSA) 
 

Invited talks (April-July) 

• Dalia A. Conde: Biodiversity and Conservation in the era of data 

Opening event of the The first permanent Eco-acoustic Theatre at Naturama Natural 

History Museum. Organized by Naturama and the non-profit organization Fragments 

of Extinction. (May 17th) 
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Participation in Conferences 

EAZA Conservation Forum (22 -25th of may) 

• Jeanette K. Hedeager with the poster: Maximizing the conservation value of zoo & 

aquarium populations: Assesing the Aligment of Species Breeding Programs with Globla 

Prioritizitation Schemes. 

• Cecilie Hee Frederiksen with the poster: The Asian Big Cats in CITES 
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Maximizing the conservation value 

of zoo & aquarium populations: 
ASSESSING THE ALIGNMENT OF SPECIES BREEDING PROGRAMS                      

WITH GLOBAL PRIORITIZATION SCHEMES 

 

Jeanette Kjeldgård Hedeager 

Supervisor: Dalia Amor Conde, SDU & Species360 

Co-supervisor: Ana Rita da Silva, SDU & Species360 

& Kim Skalborg Simonsen, GIVSKUD ZOO - ZOOTOPIA 

Master thesis – M.Sc. in Biology, University of Southern Denmark 

June, 2018 
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Abstract 
To maximize zoo’s and aquarium’s conservation impact it is critical to ensure the sustainability of 

populations of at-risk taxa. The IUCN Red List threat status is often used as a key criterion to inform if 

a species should be managed genetically and demographically in a species-breeding program. However, 

considering other conservation schemes can help to improve the decision-making process. Here we 

analysed the representation of species in zoos and aquariums five regional species-breeding programs 

and the alignment with species assessed as Vulnerability to Climate Change (VCC), Evolutionary 

Distinct and Globally Endangered (EDGE) in the Alliance for Zero Extinction (AZE) listed in the 

Convention on the International Trade of Endangered Species (CITES), and the International Union for 

Conservation of Nature (IUCN) Red List Status, and within an IUCN Species Specialist Group. The 

species programs were assessed for five regional associations of Europe, USA, Latin America, Pan-

Africa, and Australasia. Our study comprised all the species holdings from Species360 member 

institutions listed in the Zoological Information Management Systems (ZIMS) for nine vertebrate classes, 

together with Anthozoa, Insecta, Arachnida, Gastropoda, and Cephalopoda. We calculated the Shannon-

Index (H’) for the five regions and found the evenness of the number of species programs in the regions 

to be highest for EAZA. AZA and ZAA follow closely, despite ZAA holding four to five times fewer 

programs than the two former regions. EAZA has the highest evenness, despite AZA holds the largest 

amount of species programs. The H’ is slightly higher for AZA than for EAZA, which measures the 

uncertainty of a random species being of a specific species, with an increasing uncertainty with the 

increase of species diversity. Our results show that of all species registered in ZIMS, 6.5% of the species 

and 48% of the threatened species make up all are managed.  Of those, 32.8% (241/734) are listed in 

CITES, ~22% are EDGE, 8.5% are Vulnerable to Climate Change, and 2.2% are AZE. Given that 

extinction rates are currently at least 100 times higher than background rates, the role of managed 

populations would become critical for a larger number of species and these prioritization criteria can help 

in the decision process of new regional species programs. 
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Resume 

 

For at maximere zoologiske haver og akvariers bidrag til bevaringsarbejde, er det vigtigt at opretholde 

truede populationers genetiske og demografiske bæredygtighed. En arts trusselsniveau på IUCN Red List 

anvendes ofte som et nøglekriterie, når det vurderes om en art skal administreres genetisk og demografisk 

i et avlsprogram. Ved at inddrage flere af de kriterier der anvendes indenfor bevaringsarbejde, kan 

beslutningsprocessen måske styrkes. I dette studie analyserede vi hvordan avlsprogrammer i zoologiske 

institutioner fordeler sig i fem regionale associationer: Europa, USA, Latin Amerika, Afrika og 

Australien, for ni vertebrate klasser samt koraller, insekter, spindlere, snegle og blæksprutter. Data er 

hentet fra Zoological Information Management Systems (ZIMS), for alle arter i ovenstående klasser med 

nuværende populationer i Species360 medlemsinstitutioner. Vi analyserede distributionen af arter som 

er Vulnerable to Climate Change (VCC), Evolutionary Distinctive and Globally Endangered species 

(EDGE) med i Alliance for Zero Extinction (AZE), under the Convention on International Trade of 

Endangered Species (CITES), på International Union for Conservation of Nature (IUCN) Red List Status, 

og overses af en IUCN Species Specialist Group. Vi beregnede et Shannon-Index (H’) for de fem 

regioner og fandt the evenness af antal avlsprogrammer i regionerne højst for EAZA. AZA og ZAA 

følger tæt efter, på trods af at ZAA har fire til fem gange færre programmer end de to førnævnte. EAZA 

har den højeste evenness, selvom AZA har det største antal avlsprogrammer. H’ er lidt højere for AZA 

end EAZA, og måler usikkerheden for om en tilfældig art er fra en specifik art, hvor usikkerheden øges 

med en stigning i artsdiversiteten. Vores resultater viser at 6,5% af alle arter i ZIMS er intensivt 

administreret i avlsprogrammer. Truede arter udgør 47,7% af alle avlsprogrammer. Af de administrerede 

arter, fandt vi at 32,8% (241/734) er under CITES, ~22% (161/734) er EDGE, 8,5% (63/734) er VCC, 

og 2,2% (16/734) er AZE arter. Da raten hvormed arter uddør, er mindst 100 gange højere end 

baggrundsraten, vil populationer i avlsprogrammer spille en virkelig betydningsfuld rolle for et stort antal 

arter, hvor vi mener at disse prioriteringskriterier kan hjælpe beslutningsprocessen, når nye regionale 

avlsprogrammer skal udvikles.  
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Background 
The role of animals in zoological institutions can be difficult to comprehend for both scientists and the 

general public. Many consider zoos as merely public entertainment only interested in earning money. By 

drawing attention to the zoo and aquarium contribution to species conservation, it is possible to advocate 

for the importance of keeping populations of non-domestic animals under human care. 

Zoos serve a very important role in educational conservation, as they can visualize nature and animals in 

all their variation and teach both young and adults the respect and care needed to preserve biodiversity. 

Zoo populations also acts as ambassadors for their wild counterparts and can additionally be an effective 

source for restoring wild populations to a healthy population size. However, if not managed properly, 

populations under human care can become unsustainable. If populations are too small and isolated and 

managed through independent plans, they might collapse. The sustainability of species populations both 

in the wild and under human care can increase with collaboration between in situ and ex situ programs. 

 

Extent of the modern extinction crisis 

Vertebrate’s extinction rates have drastically increased since the industrial revolution and are now 

estimated to be at least 100 times higher than background extinction rates, revealing an undergoing sixth 

mass extinction (Barnosky et al., 2011; Ceballos et al., 2015; Ceballos et al., 2017). The total number of 

living species is difficult to determine, however, May (2000) estimated that of the 5-15 million living 

Eukaryotic species, merely 1.5 million species have been described. The distribution falls within ~14% 

indexed species on Earth and ~9% species in the ocean (Mora et al., 2011). Every year the number of 

species in need of description increase progressively with the discovery of 10,000 new species 

(May,1998; 2000). Of the estimated four billion species ever evolved on Earth, 99% are expected to be 

already extinct (Barnosky et al., 2011). Hence, many species go extinct before ever being described. The 

International Union for Conservation of Nature and Natural Resources (IUCN) Red List has assessed the 

conservation status of species on a global scale since 2001 and serves as a standard for estimating 

extinction across all taxa (IUCN, Gland, Switzerland, 2009). Currently, of the ~83,000 assessed species 

by the IUCN Red List, only ~900 species have officially been categorised as extinct (Régnier et al., 

2015). 
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Although describing all species before they disappear may seem like an impossible task, it is important 

to at least make estimations of the total number of existent species, as it serves as an indicator for species 

loss (May,1988). The need for benchmarks of extinction rates is confirmed as studies show that in the 

last 100 years around 200 vertebrate species are estimated to have gone extinct. This is compared to the 

normal extinction rate where the extinction of 200 vertebrate species would take up to 10,000 years 

(Ceballos et al., 2015). The loss of species occurs across all taxa with varying rates. The variation is 

likely a result of the analysed extinction patterns being based on better-known groups such as mammals 

and birds (Ceballos et al., 2015; Ceballos et al., 2017). It is suggested that the taxonomic classification 

of species tend to be for those with large body sizes and broader geographical areas, which fit well with 

the fact that all known mammals and birds are assessed by the IUCN Red List, with very few species 

being evaluated as data deficient (DD) (Mora et al., 2011). When data for the lesser-known taxa is limited 

and inconsistent, the use of data from other taxa will result in estimated extinction rates that are 

unrepresentative for significantly different taxa. This cause an underestimation of extinction rates and in 

the number of threatened species within groups, from which many species are not yet evaluated by the 

IUCN Red List (Maxwell et al., 2016). This is the case for reptiles, fish, amphibians, and plants, and 

especially for invertebrates, with very few species assessed by the IUCN Red List. Despite invertebrates 

represent 99% of biodiversity, only ~16,000 out of the ~1.4 described million invertebrate species are 

assessed by the IUCN Red List. Invertebrate species threatened with extinction are estimated to make up 

42% of all known terrestrial invertebrates and 25% of marine invertebrates. However, the actual number 

of extinct and threatened species is likely to be underestimated. Variation in extinction rates could 

possibly be less pronounced if smaller sized species and species in narrow ranged habitats were included 

(Ceballos et al., 2017; Mora et al., 2011; Régnier et al., 2015; Thomas et al., 2004) 

A species is considered extinct when all individuals have disappeared. If a species is found only 

in captivity it is categorised as extinct in the wild. However, a species can also be termed extinct when 

found in captivity if no reproduction is possible (i.e. only one sex left). Moreover, local extinction occurs 

when a species population disappears from a naturally inhabited area (Fa et al., 2011). Species extinction 

is a normal occurrence, due to species competition, habitat loss, and species failing to adapt to new 

environments (Barnosky et al., 2011). The species loss is balanced out with the appearance of new 

species that sometimes substitute the extinct species in the ecosystem. Species loss and decreasing 

populations occur across all regions and classes, regardless of how threatened a species is. Of the 32% 
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terrestrial vertebrate species found to have high population losses, 30% of the species are categorised as 

low concern species by the IUCN Red List (Ceballos et al., 2017).  

 

Threats towards biodiversity 

Despite the species extinction being a naturally phenomenon, the increased extinction rate is skewing the 

equilibrium between the loss of species and appearance of new ones. With the loss of whole populations 

follows the loss of biodiversity and the benefits that come with a functional ecosystem. This is moreover 

the prelude of further species going extinct (Ceballos and Ehrlich, 2002). Biodiversity covers all living 

organisms – plants, animals, fungi and microorganisms, including the organism’s relationship with its 

habitat, the ecosystem, and all the supporting genetic, ecological, and evolutionary processes (Dirzo and 

Raven, 2003; Pereira et al., 2010). Biodiversity is often analysed on species level, although the measured 

metrics such as extinction, changes in species abundance, distribution, and habitat loss, are linked to the 

population and ecosystem level. Loss of biodiversity includes quantitative losses of the Earth’s 

ecosystem services that are exploited by all human societies, and qualitative services when endemic 

species are lost (i.e. endemic taxa, species, families, orders etc.) (Dirzo and Raven, 2003).  

The sixth mass extinction is associated with threats induced by human activities, such as human 

population growth, industrialization, habitat fragmentation and deforestation, spreading of infectious 

diseases ensued by humans or introduced invasive species, overkill, and climate changes (Pereira et al., 

2010; Thomas et al., 2004; Wake and Vredenburg, 2008). Habitat fragmentation leaves species clustered 

together with limited exchange of individuals between different populations. Climate changes and global 

warming is in consensus a threat with increasing influence. Higher temperatures inducing drought and 

rise of sea-levels is an extinction threat to many high-risk species, with small geographic ranges and 

specialized habitats (Maxwell et al., 2016; Sodhi et al., 2008). Maxwell et al. (2016) state that the most 

prevailing threats to the near-threatened and threatened species assessed by the IUCN Red List, is both 

overexploitation, which is too much harvest of species from the wild as the reproduction and regrowth 

rates can’t compensate for the harvest (i.e. logging, hunting, fishing and gathering of plants), and 

agriculture (i.e. crop farming, livestock farming, timber plantations, and aquaculture). Maxwell et al. 

(2016) analysed 8,688 near-threatened or threatened species from species groups of which all species are 

known. It was estimated that overexploitation affected a total of 6,241 species, while climate changes, 

counting flooding, habitat modification, temperature increase, and drought affected 1,688 species. This 
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study also found that more than 80% of the assessed species were affected by more than one of the 

previously mentioned threats. These threats are likely to impact each other additively, synergistically or 

antagonistically (Maxwell et al., 2016). In the same assessment, Maxwell et al. (2016) omits taxa with 

many undescribed species (i.e. amphibians, fish, and invertebrates). The threats that largely affect 

mammals and birds are likely to apply to more poorly known terrestrial amphibians and invertebrates. 

However, it is probably quite different for marine and freshwater species, due to the differences in habitat. 

Thus, conservation strategies developed on the results of animal groups that are thoroughly studied can 

misguide conservation efforts for dissimilar groups.  

 

Animals in the wild or under human care – the same things count  

The ultimate goal of species conservation is to protect natural habitats and whole ecosystems all over the 

world, as well as maintaining the current genetic diversity. Threats such as diseases, invasive species, 

overharvesting, poaching, and pollution pose different challenges in which habitat protection is not 

enough to prevent species extinctions. Therefore, it is necessary to integrate complementary conservation 

strategies and techniques, such as ex situ techniques (IUCN, 2002).  

Nature conservation is often divided between strategies taking place in situ or ex situ, referring 

to it as on-site and off-site conservation, respectively. The Convention on Biological Diversity (CBD) 

defines in situ conservation as “conservation of ecosystems and natural habitats and the maintenance and 

recovery of viable populations of species in their natural surroundings”, while ex situ conservation is “the 

conservation of components of biological diversity outside their natural habitats” (CBD, 2018). Ex situ 

conservation is considered by many as the management of breeding animals in zoos, but includes as well 

whole plant and animal collections, germplasm collection in gene banks, wildlife research facilities, and 

zoological parks and botanic gardens (IUCN, 2002). Braverman (2014) suggests that the dichotomy ex 

situ/in situ establish a wild nature/captivity paradigm. Furthermore, there is a bad notation towards 

captivity, as the primary aim of nature conservation is in situ conservation. Ex situ is considered as the 

second option, only to be implemented ‘‘predominantly for the purpose of complementing in situ 

measures’’ (IUCN, 2002). Species extinct in the wild but with individuals living under human care, are 

considered as non-conserved and categorised under a separate species threat status (Braverman, 2014). 

The World Association of Zoos and Aquariums (WAZA) state in their Code of Ethics and Animal 

Welfare, that the aim of zoological institutions is to co-operate with the conservation community, 

135



 

Side 9 af 72 
 

including wildlife agencies to assist in maintaining global biodiversity through conservation and survival 

of species (WAZA, 2003). WAZA defines conservation as ‘‘the securing of long-term populations of 

species in natural ecosystems and habitats wherever possible’’ (Braverman, 2012). 

 Since the earliest recorded zoos in the seventeenth century the development of the modern zoo 

has been an ongoing process alongside the growth of natural museums. In the 1970s new legal codes 

came in place to prohibit zoos from capturing a range of species from the wild. The further addition of 

conservation driven personnel induced the modern zoos to systematically manage and ensure long-time 

sustainable populations. The first steps of zoo conservation were further initiated with the establishment 

of species programs, such as the European Endangered species Program (EEP), and the North American 

Species Survival Plan (SSP) (Braverman, 2012). Today, conservation in zoos includes education, 

translocation of animals between zoos and to the wild, as well as funding and participating in in situ 

conservation. Modern zoos shifted from public entertainment with little knowledge of good animal care 

to a developing focus on public education and intense conservation efforts in both zoo- and wildlife 

populations. Some field conservationists are sceptic about the value and contribution of conservation 

work performed by zoos and divide conservation as zoo versus field conservation, despite the shift of 

focus. A tense relationship between some professionals in both communities, generates difficulties for 

the establishment of global cooperation (Braverman, 2014). 

Fortunately, many scientists recognize the mutual need for cooperation between zoos and field 

conservation. The existence of zoos depends on the perception of animals as wild, exotic, and threatened, 

while the contribution coming from ex situ conservation can aid the in situ conservation. Zoos and 

aquariums are acknowledged for making a difference for species on the brink of extinction (Braverman, 

2012; Conde et al., 2013; Conde et al., 2011; Gusset et al., 2014).  

 

Contribution from zoos and aquariums to conservation 

The difference between wild animals and animals under human care is diminishing. The wild nature with 

free-roaming animals and self-sustainable populations is disappearing as habitat destruction increases. In 

South Africa, for example, many wild animal populations are no longer moving freely over country 

borders, but are progressively being managed in reserves, farms, etc. The populations in these areas are 

administered to ensure that the carrying capacity of the area is not exceeded, the same reasons why 

populations under human care are managed (Braverman, 2014). Closer integration between wildlife and 
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zoological conservation is necessary, as more and more species become conservation dependent. The 

loss of a single individual is a loss of gene diversity (Gusset et al., 2014). With the rapid decline in species 

numbers and loss of biodiversity, there is more than ever the need for zoo populations to act as 

ambassadors for their wild counterparts and raise awareness and attention towards conservation.  

Both in situ and ex situ strategies aim to conserve animals by sustaining genetically healthy 

populations and a viable biodiversity. When the existence of a species is threatened all populations of a 

species have value in conservation, regardless of where that population is situated (Byers et al. 2013). 

Animals under human care can serve several purposes. One of them is to promote and educate the public 

about conservation of wild animals. The general perception is that visitors are more likely to donate to 

the conservation of wild animals if they have encountered them beforehand in zoos. The exposure to 

environmental education in zoos can potentially involve a big segment of people in wildlife conservation 

(Bartram and Shobrook, 2000; Fa et al., 2014; Gusset and Dick, 2011). In 2011, WAZA estimated that 

the annual visitor number in zoos and aquariums exceeds 700 million people worldwide. Conservation 

education can therefore also have an effect on reducing threats to wildlife populations, by enlightening 

the public about the impact of exotic pet trade, invasive species, littering, habitat destruction due to food 

demands, etc. WAZA highlights in the 2015 conservation strategy that zoos and aquariums have a duty 

to “use zoological facilities to provide for populations of species most in need of genetic and demographic 

support for their continued existence in the wild.” (Barongi et al., 2015). As many species are kept in 

zoos, a second role for zoos is to gather information on species from which wild data is difficult to collect. 

The information obtained from research conducted on zoo populations can prove to be very beneficial 

for wild populations (Traylor-Holzer et al. 2013). The ex situ populations can serve as insurance 

populations or reserve population for endangered species and those extinct in the wild and aid in 

reintroduction programs of species back into the wild (Braverman, 2014). The maintenance of highly 

managed insurance populations until a species habitat threats are mitigated is a conservation tool with a 

major impact on the conservation status of at least 13 tetrapod species, which would not have improved 

its status if no conservation action had been developed (Conde et al., 2011b). Additionally, zoos and 

aquariums spent more than 350 million US$ in 2008 on wildlife conservation, listing the zoo community 

among the main funding partners for conservation projects (Gusset and Dick, 2011). 
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Zoological management through species programs 

Limited space in zoos and aquariums makes it impossible to hold insurance populations for all species. 

Prioritization of species is therefore necessary in order to make use of the contribution from zoo 

populations and the species management. Zoo populations are managed through species breeding 

programs with the aim to secure their sustainability both genetically and demographically, by ensuring 

90% of the current gene diversity in a 100-year horizon (WAZA, 2005). As increasing inbreeding will 

decrease the gene diversity and healthiness of the population (Frankham et al., 2002), the loss of 10% of 

the genetic diversity can potentially increase a populations inbreeding to a level of which the individuals 

are potentially half siblings (Ballou and Traylor-Holzer, 2011; Leus et al. 2011). The ninety percent is 

considered a balanced measure between how much gene diversity is tolerable to lose, and how big a loss 

would damage the population. Therefore, not all conservationists are content with the management goal 

of sustaining 90% genetic diversity in zoo populations over the next 100 years. Some instead suggest 

that the 90% should be sustained over 200 years (Ballou and Traylor-Holzer, 2011). When estimating 

the population size necessary to secure 90% of a species genetic diversity several factors play a role, such 

as generation length, number of founders, growth rate, and level of management (Ballou and Traylor-

Holzer, 2011). The more species that requires a large population size, the fewer species can be conserved. 

Leus et al. (2011) suggest that to get effective species conservation, management of multiple, interacting 

populations is necessary to achieve the goal of 90% preserved genetic diversity (Leus et al. 2011). 

We know that at least one of every seven threatened species is in a Species360 member institution 

(Conde et al., 2011), and of the total collection of tetrapod’s in zoos and aquariums, at least 15% are 

threatened (Conde et al., 2011). However, we still do not know how many of those species are genetically 

and demographically managed through studbooks or other breeding programs. Zoo populations are often 

managed in Regional Conservation Breeding Programs and WAZA estimates that more than 1,000 

species and sub-species are managed in cooperation between regional association members. According 

to WAZA, there are currently 130 international studbooks which comprise 159 species and subspecies. 

Some species are managed in more than one region. Staff in WAZA member institutions do the 

management and the work is overseen by the Committee for Population Management (2011 ISIS/WAZA; 

WAZA, 2018). Data collected on populations from Species360 member institutions are pooled in the 

Zoological Information Management System (ZIMS). The data managed through a centralized system 
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from populations in the wild and under human care contributes to the global cooperation between zoos 

and wildlife conservationists (Cohn, 2006; Schwartz et al., 2017). 

The aim of managing species in zoos is to achieve population sustainability.  However, Lees & 

Wilcken (2011) suggest that a lot of the regional population management programs are not meeting the 

conditions for genetic healthy and sustainable populations, as a result of too few founders and slow 

growth rates (Lees and Wilcken, 2011). An evaluation of ZIMS data on managed bird and mammal 

species showed that 36% of managed bird and 28% of mammalian species had population numbers of 

less than 50 living individuals. The number is expected to be higher for non-managed populations. The 

existence of a lot of species is threatened, as these populations are not self-sustainable. The necessary 

number of individuals to uphold a genetically sustainable population size with no loss of genetic diversity 

is proposed to be between 500 and 5,000 individuals, regardless of populations being wild or under 

human care (Frankham et al., 2002). A different estimation of populations under human care suggests 

that sustainable populations are efficacious by 1,700 to 20,000 individuals. Leus and Lacy (2009) state 

that the necessary population size should be based on the Effective Population size (Ne) (Leus and Lacy, 

2009), as this number is likely to be less than the actual number of breeding adults in wild populations. 

This means, that a population of 50 individuals might have a rate of genetic drift and inbreeding as a 

population of 20 individuals, thus, 20 is the Ne (Frankham et al., 2002). For many of the larger species, 

space limitation makes it unrealistic to obtain the proposed high numbers of individuals in both 

zoological institutions and in many wildlife reserves (Leus et al. 2011). The addition of new founders to 

each generation can have an effect on the population size. Species of which it is not inappropriate to 

collect animals from the wild can retain 95% gene diversity by Ne of 120 individuals with the addition 

of five new founders each generation (Lees and Wilcken, 2011). Franklin proposed in 1980 that the 

absolute minimum of individuals to keep a viable population was a Ne of 50 individuals. This would 

only secure a short-termed sustainability, while a Ne of 500 individuals was recommended to maintain a 

populations long-term sustainability (Jamieson and Allendorf, 2012). When a population has below 50 

individuals it is not considered to be viable for even a short term (Baker et al. 2011).  

The overall objective and decision of which species to administer in the American or European 

region lies with the Taxon Advisory Group (TAG) for each animal group. The aim of each TAG is to 

assess which species will benefit from a species program, as well as discontinue programs that no longer 

are possible to uphold (WAZA, 2018). A TAG is a committee constituted by the member institutions, 
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with advisors for nutrition, veterinary, taxonomy etc., that collects information on the species programs 

in the region. Each TAG develops Regional Collection Plans (RCPs) for all species and subspecies. 

Furthermore, the TAGs are responsible for creating Best Practice Guidelines for every species that is in 

a program. Several species can make up a “Guideline” (i.e. all bears or all elephant species). When TAGs 

analyse the necessary level of management of a species, they set up targets for each program to 

accommodate the issue of species loss and limited space (Lees and Wilcken, 2011). If the decision to 

bring a taxon or a species under ex situ management is left until extinction is nearby there is always a 

risk that it might be too late to effectively implement it. Professionals in zoos and aquariums volunteer 

to manage species through breeding programs or studbooks. To assist the important work performed by 

volunteers, ZIMS developed a new module in 2017 – “ZIMS for Studbooks” as a tool to decrease the 

time spent on data entering among other features (ZIMS, 2017). The ZIMS database and the new module 

allow zoo managers, studbooks keepers, veterinarians etc., to have access to real time information on a 

species worldwide collection within Species360 member institutions. The updated data help the species 

management medically and assists in the development of RCPs. Separate populations in zoos cannot be 

sustainable on their own but must be managed either regionally or globally to keep long-term genetically 

healthy and sustainable populations. To circumvent difficulties of animal exchange, especially between 

regions overseas, the management of species programs may be limited to only include populations within 

one region (WAZA, 2018).  

Species management programs varies between the different regional associations. Some regions 

distinguish between Conservation Breeding Programs (CBP) and species studbooks, although both are 

ways to structure a cooperative management of different populations of the same species. The European 

Association of Zoos and Aquaria (EAZA) has two types of breeding programs: European Endangered 

Species Program (EEP) and European Studbook (ESB). The EEP management is performed by a 

coordinator with assistance from a Species Committee, while the ESB management is done by a studbook 

keeper alone. The EEP coordinators are required to administer annual recommendations on the species 

management to institutions holding the involved species. ESB studbook keepers are not obliged to the 

same, but EAZA may ask for recommendations on breeding or transfers. Some species/sub-species are 

managed less intensively in Monitoring studbooks, where the keeper is not under the same guidelines as 

the administers of the EEPs and ESBs. In this case the keeper merely monitors the population, however, 

the monitoring studbooks can in time be elevated to an ESB or EEP. Species without a studbook keeper 
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are overseen by members of the corresponding TAG, which will assess the status of the population once 

a year (EAZA, 2017). The structure of the American Association of Zoos & Aquarium (AZA) is similar. 

TAGs supervise the Species Survival Plan (SSP) and studbooks are managed by a studbook keeper 

appointed by the SSP or TAG. New programs are listed as candidate programs and can be elevated to an 

SSP if approved by the corresponding TAG (AZA, 2017). In the Zoo and Aquarium Association 

Australasia (ZAA) species are managed under Australasian Species Management Programs (ASMPs). 

The ASMP is coordinated by the ZAA Executive Office and reports to the ZAA Board trough the 

Executive director. The managed programs are categorised as Conservation Program, Population 

Management Program, and Monitored Program. The TAGs assist in the development in RCPs by 

identifying a species role and provide specific taxonomic advice (ZAA, 2018b). In the Pan-African 

Association of Zoos and Aquariums (PAAZA), the species management programs and studbooks are 

denoted the African Preservation Program (APP) of PAAZA and African Studbook (ASB) (PAAZAB, 

2014). The APPs are reviewed in connection with the Population Sustainability Portfolio of PAAZA and 

the IUCN CBSG, to prioritize in alignment with the IUCN guidelines on ex situ management. Staff 

members from PAAZAB also attends the WAZA and EAZA Joint Taxon Advisory Group (TAG) 

(PAAZAB, 2014). In the Latin American Association of Zoological Parks and Aquariums (ALPZA), a 

conservation committee establish guidelines, promote, and motivate ALPZA members to participate in 

conservation of biodiversity. They seek to combine the efforts in the region through species programs 

and conservations actions among others, towards the global conservation objectivities (ALPZA, 2017). 

Even though species programs are overseen by different bodies in the assessed regions, studbook keepers 

will regardless of region update all relevant data (i.e. pedigree, demographic history and high genetic 

diversity) for the captive individuals of a species to ensure population stability (WAZA, 2018). A 

studbook contains data for each individual animal in a region, such as the identity number, identifiers 

(tags, tattoo, ear clip, transponders), sex, birth date, parents, birth location, transfers, etc. Through a 

location glossary, studbook keepers and animal holders can communicate to ensure correct information 

for the annual studbook recommendations. The studbook keeper analyses the information to develop a 

management plan with the goal of maintaining genetic diversity by minimizing inbreeding. The plan 

goes back to the holders to be initiated and all information is then available to the zoo and aquarium 

community (WAZA, 2018).  
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Zoo conservation and global prioritization schemes 

We acknowledge the work of TAGs and consider TAGs as important decision makers in ex situ 

conservation in many regions. For the regions where the structure of TAGs is implemented, the strategy 

of how TAGs prioritize and decide on which species to include in regional and/or global management 

plans varies. TAGs assess all species in the taxon and decides whether the management of the species 

should be up- or downgraded, if a new species program should be developed, and if animals should be 

imported from the wild to support the insurance population.  

The species IUCN Red List threat status is an important decision tool for most TAGs. It is 

complemented by several parameters that are especially important for the individual taxon assessed. 

Thus, what is an important parameter to base a decision on for species in the Antelope and Giraffe TAG 

might not be the same as for the Old-World Monkey TAG or Bear TAG. TAGs consider factors such as 

population numbers, space limitations, and ethically, financially, and logistically restrictions when 

deciding if a species is appropriate for creating a new management program in zoological institutions. 

New programs are often restricted to species populations already found within a region member 

institution. Most TAGs are in the process of building links to in situ conservation by cooperating with 

the IUCN Species Survival Commission Specialist groups (IUCN SSC Groups) and other NGOs (EAZA 

TAG report 2015; 2016). In situ conservation is often overseen by the IUCN SSC Groups and members 

of the IUCN SSC Groups are invited into the corresponding TAG to contribute with important 

information for wild species in need of intensive conservation efforts. There are currently 140 Specialist 

Groups, Red List Authorities, and Task Forces. The IUCN SSC Groups follow guidelines established by 

the IUCN Species Survival Commission on how to use ex situ management for species conservation, by 

evaluating the necessity of an ex situ component as part of an integrated species conservation strategy. 

The ex situ populations that are part of an integrated conservation strategy have “clearly defined 

conservation goals and objectives that contribute to the viability of the species as a component of its 

overall conservation strategy”, and has to “benefit a population, the species, or the ecosystem it occupies, 

and the primary benefit should be at a higher level of organisation than the individual.” (IUCN/SSC, 

2014). Here are also included situations were individuals need to be taken from the wild to be managed 

ex situ (IUCN/SSC, 2014). The collaboration between TAGs and IUCN SSC Groups are in alignment 

with the global conservation strategies. This is further substantiated by the annually EAZA TAG chair 

meeting and the joined TAG chair meeting hosted every second year by WAZA. The importance of 
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conservation planning is assessed at these meetings with the focus on the management of populations 

across the zoo community, including the inter-regional collaborations with global counterparts (EAZA 

TAG report, 2015; 2016). Another step to enhance viable and even global conservation between the zoo 

community and partners could be the inclusion of global prioritization schemes often assessed by the 

IUCN SSC Groups for in situ conservation. A strategy for TAGs to prioritize species for ex situ 

conservation could be to include factors such as phylogeny, climate changes, and conservations costs in 

addition to the already established decision tools and parameters.  

Martin et al. (2014) point out in their study that at least for mammals and birds, species exhibited 

in zoos are of lesser conservation priority based on the IUCN Red List when compared to their wild 

relatives not found in zoos. Species found in zoos are also less restricted by fragmented habitats. In this 

comparison, it is evident that zoos could contribute more to conservation by shifting focus and increase 

the exhibition of endangered species (Martin et al., 2014). Conde et al. (2013) show that the majority of 

species held in zoos are non-threatened by extinction on a global scale. If zoos and aquariums are 

measured only on the ratio of threatened/non-threatened species, the zoo community would not meet the 

conservation strategy (Conde et al., 2013; Conde et al., 2011) outlined by WAZA in the 2015-strategy: 

“to provide their zoological facilities for population of species most in need of genetic and demographic 

support for their continued existence in the wild” (Barongi et al., 2015). Other studies suggest that the 

ratio of endangered species in zoos doesn’t reflect how much zoos contribute to conservation. Several 

factors can influence the decision of keeping a non-threatened species instead of a threatened species. 

Non-threatened species tend to be less expensive to keep, allowing for a more substantial amount of 

funding to be redirected towards the conservation of threatened species. A species can also be evaluated 

as Least Concerned by the IUCN Red List on a global scale but might be threatened with extinction 

locally. Through environmental education, the exhibition of the non-threatened species may indirectly 

conserve them and other species, as attention is guided towards threatened ecosystems (Braverman, 

2014). All zoological institutions should help elevate species management to be as effective as possible, 

by conserving biodiversity and limit the loss of species and biodiversity in the future (Leus K., et al. 

2011).  Zoological institutions also have the responsibility to use their facilities to influence visitors 

through conservation education (WAZA, 2018). However, it is important not to neglect the non- science 

pressure coming from the public when zoos decide on which species to exhibit. Some species come with 

value by themselves; this could be the case of charismatic species, beautiful species, species that visitors 
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can relate to, or other factors that draw visitors to the zoological institutions (Palmer et al. 2018). Zoos 

are dependent on making money through visitors. The exhibited species will likely be those that attract 

attention such as mammals (Rahbek, 1993), despite the species being less threatened and conservation 

dependent (Rose et al. 2018). It is important for zoos to make money, otherwise, the funding of 

conservation activities outside the institution will decrease. To keep a leverage when advocating for the 

continuation of having zoos, a balance must be found between attracting visitors and being a beacon for 

the zoo’s mission (Fa et al., 2014). 

 

Global conservation: Aichi Biodiversity Targets, One Plan approach and other plans 

In 2003, WAZA established the Global Species Management Plans (GSMP) as a part of the Global 

Captive Management Program (CMP) to substitute some of the international studbooks. Nine species are 

currently managed in a GSMP, which build on the regional breeding programs, while other GSMPs have 

been discontinued after a period (GSMP, 2017; WAZA, 2003; WAZA, 2017). Managing species across 

multiple regions can be a way of achieving greater sustainability, as GSMP species are often those with 

small regional populations (Lees and Wilcken, 2011). Additionally, the effective population size and 

genetic diversity will increase in contrast to regionally isolated populations. The establishment of GSMPs 

is a strategy to unite cooperation in the zoo community on a global scale by going beyond the regional 

limitations. The global management can foster larger and more healthy populations which is a step 

towards fulfilling the conservation role of zoos (Lees and Wilcken, 2011; Leus et al. 2011).  

 Global conservation is relying on close integration of the whole conservation community, thus, 

aiming for collaboration between wildlife conservation and global/regional conservation in zoos and 

aquariums. GSMPs are solely concerning populations under human care, and other conservation plans 

have been developed specially for the wild populations (Byers et al. 2013; Traylor-Holzer et al. 2013). 

To address the causes of biodiversity loss, global strategies have been developed with the aim of 

improving and safeguarding the biodiversity and ecosystems. One such strategy is the One Plan 

Approach by the IUCN SSC Conservation Breeding Specialist Group (CBSG). It intends to interconnect 

the in situ/ex situ conservation by integrating all populations into a metapopulation regardless of where 

a population is placed. By involving all parties engaged with the management on both sides, all available 

resources are utilized (Braverman, 2014). The aim of the approach is to ensure that species conservation 

is contributing as much as possible through intensive management of the metapopulations. The ultimate 
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goal of the One Plan Approach is to contribute to an optimal use of resources and effective management, 

to help achieve the global biodiversity targets, listed as Aichi Biodiversity Targets (Byers et al. 2013). 

The Aichi Biodiversity Targets is part of the Strategic Plan for 2011-2020 to reduce the pressure and loss 

of biodiversity before 2020. The plan aims to secure the diversity of life on the planet by restoring 

ecosystems to be resistant, make sustainable biological resources, and sharing the genetic resources 

(CBD, 2018). The Aichi Targets consist of 20 objectives divided into five strategic goals with some to 

be met before 2020. The targets include the improvement of the biodiversity status, by safeguarding 

ecosystems, species, and genetic diversity (CBD, 2018). A mid-term assessment revealed that the 

pressure on biodiversity will continue to rise, as the current efforts are insufficient to meet some of the 

2020-targets (SCBD, 2014). 

A strategy to maximize the effect of global conservation is to identify large numbers of threatened 

species that are in high need of conservation. Funk et al. (2017) advocates for species and sites listed 

under the Alliance for Zero Extinction (AZE) (Box 1, page 28) as a potential source to achieve the Aichi 

Targets by reducing biodiversity loss through global conservation (Funk et al., 2017). AZE species 

inhabits constrained areas and at least 95% of the population is restricted to a single location. Species 

limited to one location are therefore highly vulnerable to habitat fragmentation and other significant 

changes. AZE species and sites are interlinked and provide immense opportunities for preventing the 

extinction of endangered and critically endangered species. Conservation can be conducted for both wild 

species on AZE sites and populations under human care. In total, 920 species and 588 sites are considered 

AZE, containing species from the four big classes (mammals, birds, amphibians and reptiles), some 

conifers, and corals. The majority of AZE species is in class Amphibia (Funk et al., 2017; Ricketts et al., 

2005). By protecting, maintaining, and managing AZE species, an improvement of the sites may halt 

biodiversity loss and decrease the loss of the ecosystem services. Every loss of an AZE species/site, is 

the loss of current and future ecosystem services, as many of the AZE species are unique (i.e. trigger 

species). Some are also listed as Evolutionary Distinct and Globally (EDGE) species (Isaac et al., 2012). 

EDGE species are classified as globally threatened (vulnerable, endangered, critically endangered) and 

extraordinary phylogenetically unique species, with few close relatives (Box 1, page 28) (Isaac et al., 

2012; Isaac et al., 2007). A large segment of species is threatened by climate change, overexploitation, 

hunting, fishing, pet trade, etc. (Maxwell et al., 2016). A strategy to assess a large number of the 

endangered and critically endangered species within a short period of time, would be to consider AZE 
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and EDGE species when developing new breeding management programs. An assessment of species 

Vulnerable to Climate Change (VCC) and those protected by the Convention on International Trade in 

Endangered Species of Wild Fauna and Flora (CITES) regardless of threat status, would additionally 

include those not in imminent risk of extinction but expected to become soon (Box 1, page 28) (Foden 

et al., 2013). In addition to the IUCN threat assessment, the degree of a species threat by the international 

trade (Appendices I, II or III) in CITES would be a weighing factor in the TAGs evaluation (CITES, 

2018). 

By incorporating a broader perspective in species conservation, zoos can highlight the necessity 

of enforcing hunting regulations, developing international policies (i.e. CITES), and protecting key 

biodiversity areas. The public can further be enlightened about how the high demand for items of animal 

origin (for example ivory, rhino horn, fur, bones) threatens species (Maxwell et al., 2016). The costs of 

conserving AZE species and sites have been calculated for some species as a Conservation Opportunity 

Index (COI). A species COI can indicate if the conservation of a species in both its natural habitat (COIh), 

and by insurance populations in zoos (COIc) can be successful (Conde et al., 2015). Included in the 

indicator COIc is the costs of zoo management of populations of minimum 500 individuals (Conde et al., 

2015), which is the necessary number of individuals to sustain a long-term viable population (Frankham 

et al., 2002). The focus on AZE sites and EDGE species can help extend conservation to many species, 

that are not yet assessed by the IUCN but can have decreasing populations. If further prioritization 

schemes could be included in the evaluation of which species to manage, even more biodiversity could 

be enfolded, regardless of the threat status provided by the IUCN Red List. An inclusion of global 

prioritization schemes into TAGs decisions would be in alignment with the strategy to fulfil the Aichi 

Targets (Funk et al., 2017) and fulfilling the WAZA conservation strategy (Barongi et al., 2015). 

 To analyse whether conservation in zoos are serving its optimum in order to provide the most 

genetically healthy populations possible for future global conservation, we analysed the currently active 

species programs in five regions. We analysed how the distribution of the managed species are in 

alignment with the following species prioritization schemes: 1) IUCN Red List threatened category, 2) 

the Evolutionarily Distinct and Globally Endangered (EDGE), 3) the Vulnerability to Climate Change 

(VCC), 4) the Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES), and 5) the Alliance for Zero Extinction (AZE) including their Conservation Opportunity Index 

(COI for AZE) (Box 1, page 28). We aimed to obtain an overview of how many species in ZIMS are 
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managed in regional and global breeding programs in zoos and aquariums of the Species360 member 

institutions and performed quantitative analyses to see the distribution of threatened and non-threatened 

species in species breeding programs. We retrieved the population number of all species in ZIMS to 

assess how many species have viable populations. We further calculated the biodiversity of all species 

programs. The importance of knowing how many species under human care are managed and how the 

distribution of these falls within the threat categories on the IUCN Red List is clarified through a 

comparison between the number of species found in ZIMS and the number of species in IUCN, under 

the surveillance of IUCN SSC Groups. By analysing how many species in ZIMS that overlap with species 

overseen by the IUCN SSC Groups, we aim to show that the available information from all Species360 

member institutions in ZIMS can help protect biodiversity through the management of species on a global 

scale (Fa et al., 2014). 
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The following sections were prepared for the scientific paper 

Introduction 

Vertebrate’s extinction rates have drastically increased since the industrial revolution and are now 

estimated to be at least 100 times higher than background extinction rates, revealing an undergoing sixth 

mass extinction (Barnosky et al., 2011; Ceballos et al., 2015; Ceballos et al., 2017). Species conservation 

ultimate goal is to protect habitats and whole ecosystems. However, threats induced by human activities, 

such as human population growth, habitat conversion, infectious diseases, invasive species, 

overharvesting, poaching, pollution, and climate change pose different challenges in which habitat 

protection is the main conservation goal but might not be sufficient to prevent species extinctions, such 

as ex situ techniques (Maxwell et al., 2016; Pereira et al., 2010; Thomas et al., 2004; Wake and 

Vredenburg, 2008). Therefore, it is necessary to integrate complementary conservation strategies and 

techniques. Nature conservation often divides strategies to take place in situ or ex situ, referring to it as 

on-site and off-site conservation, respectively. Ex situ conservation is considered by many as the 

management of breeding animals in zoos, which was initiated with the establishment of species programs 

(Braverman, 2012). Both the in situ and ex situ strategies aim to conserve animals by sustaining 

genetically healthy populations and a viable biodiversity. This is truly necessary as the loss of individuals 

leads to losses of gene diversity (Braverman, 2012). A strategy to integrate collaboration between in situ 

and ex situ conservation is suggested as the One Plan Approach by the IUCN SSC Conservation Breeding 

Specialist Group (CBSG). The strategy is to interconnect the in situ/ex situ conservation by integrating 

all populations into a metapopulation regardless of where a population is placed (CBD, 2018). The 

approach seeks to ensure that species conservation is contributing as much as possible through intensive 

management of the metapopulations. This by involving all parties engaged with the management on both 

sides and utilizing all available resources (Braverman, 2014). The plan aims to secure the diversity of 

life on the planet by restoring ecosystems to be resistant, make sustainable biological resources, and 

sharing the genetic resources (CBD, 2018).  

The World Association of Zoos and Aquariums (WAZA) states in its Code of Ethics and Animal 

Welfare that the aim of zoological institutions is to co-operate with the conservation community, 

including wildlife agencies, to assist in maintaining global biodiversity through conservation and survival 

of species (WAZA, 2003). Furthermore, zoos and aquariums have a duty to “use zoological facilities to 
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provide for populations of species most in need of genetic and demographic support for their continued 

existence in the wild.” (Barongi et al., 2015). Conservation in zoos today includes conservation 

education, translocation of animals between zoos and the wild as well as funding and participating in in 

situ conservation. Despite the scepticism from some wildlife conservations, it is acknowledged by both 

the zoo community and an increasing number of wildlife scientists that there is a need for closer 

conservation integration between wildlife and zoological conservation. The existence of zoos depends 

on the perception of animals as wild, exotic, and threatened, while the contribution coming from ex situ 

conservation can aid the in situ conservation. As many species are kept in zoos, it is possible to gather 

beneficial information on species that are not easily studied in the wild (Gusset et al. 2014; Traylor-

Holzer et al. 2013). Zoos and aquariums are believed to especially contribute and make a difference for 

species on the brink of extinction (Braverman, 2012; Conde et al., 2013; Conde et al., 2011; Gusset et 

al., 2014).  

Data collected on zoo populations from the +1,100 Species360 member institutions are pooled in 

the Zoological Information Management System (ZIMS) (Species360, 2018). Thus, if all members of 

Species360 contribute with monitoring data on populations in the wild and under human care, the 

management of data through a centralized system can serve as a global cooperation tool between zoos 

and wildlife conservationists and the gathered information can aid in in situ and ex situ conservation 

(Cohn, 2006; Schwartz et al., 2017). The ex situ populations in zoos can serve as insurance populations 

for wild species, provide valuable information on a species demography (i.e. breeding biology, survival 

rates, etc.), and aid in possible reintroductions of species back into the wild and (Braverman, 2014). This 

intensifies the contribution from ex situ conservation, which already takes place. Despite the debate 

towards ex situ species management programs, the maintenance of highly managed insurance populations 

in zoos and aquariums until a species habitat threats are mitigated is a conservation tool with a major 

impact on species conservation status. Of the 68 species that improved their conservation IUCN Red List 

status (Hoffmann et al., 2010) at least 13 species had ex-situ breeding programs as the major intervention 

tool (Braverman, 2014; Conde et al., 2011b) . Of the total collection of tetrapod’s in Zoos and Aquariums, 

at least 15% are threatened (Conde et al., 2011). In order to utilize the contribution from zoo populations, 

prioritization of species is therefore necessary due to limited space in zoos, which makes it impossible to 

hold manage insurance populations for all species. The necessary number of individuals to uphold a 

genetically sustainable population size with no loss of genetic diversity is calculated to be between 500 
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and 5,000 individuals regardless of populations being wild or under human care (Frankham et al., 2002). 

However, this threatens the existence of a lot of species, as the number is unrealistic for many of the 

larger species to obtain in institutions as well as in many wildlife reserves due to space limitation (Leus 

et al. 2011). Leus and Lacy (2009) state that the necessary population size should be based on the 

Effective Population size (Ne) (Leus and Lacy, 2009). The minimum viable population size can depend 

on the species life history trait and the addition of new founders to each generation can have an effect on 

the population size. Species of which it is not inappropriate to collect animals from the wild can retain 

95% gene diversity by Ne of 120 individuals with the addition of five new founders each generation 

(Lees and Wilcken, 2011). Franklin proposed in 1980 that the absolute minimum of individuals to keep 

a viable population was a Ne of 50 individuals. This would only secure a short-termed sustainability, 

while a Ne of 500 individuals was recommended to maintain a populations long-term sustainability 

(Jamieson and Allendorf, 2012). When a population has below 50 individuals it is not considered to be 

viable for even a short term (Baker et al. 2011; Leus et al. 2011).  

Zoo populations are managed through species breeding programs with the aim to secure their 

sustainability both genetically and demographically, with the goal to ensure 90% of the current gene 

diversity in a 100-year horizon (Ballou and Traylor-Holzer, 2011; WAZA, 2005). Species management 

programs varies between the different regional associations. Some regions distinguish between 

Conservation Breeding Programs (CBP) and species studbooks, although both are ways to structure a 

cooperative management of different populations of the same species. The different breeding programs 

are either managed by volunteers from zoos and aquariums or overseen by constituted conservation 

bodies, such as Taxon Advisory Groups (TAGs). The European Association of Zoos and Aquaria 

(EAZA) has two types of breeding programs: European Endangered Species Program (EEP) and 

European Studbook (ESB).  The EEP management is performed by a coordinator with assistance from a 

Species Committee, while the ESB management is done by a volunteering studbook keeper alone. 

Species without studbooks are managed by the TAG (EAZA, 2017). In the American Association of 

Zoos and Aquariums (AZA) TAGs supervise the Species Survival Plan (SSP) and studbooks are 

managed by a studbook keeper appointed by the SSP or TAG. New species programs are listed as 

candidates with the opportunity to be elevated to an SSP (AZA, 2017).  

In the Zoo and Aquarium Association Australasia (ZAA) species are managed in 

Australasian Species Management Program (ASMP), and categorised by Conservation Program, 
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Population Management Program, and Monitored Program. The ASMP is coordinated by the ZAA 

Executive Office and reports to the ZAA Board trough the Executive director. The TAGs assist in the 

development in RCPs by identifying a species role and provide specific taxonomic advice (ZAA, 2018b). 

In the Pan-African Association of Zoos and Aquariums (PAAZA) species are managed in African 

Preservation Program (APP) of PAAZA or African Studbooks (ASBs) (PAAZAB, 2014). The APPs are 

managed by staff members in PAAZA and reviewed in connection with the Population Sustainability 

Portfolio of PAAZA and the IUCN CBSG (PAAZAB, 2014). In the Latin American Association of 

Zoological Parks and Aquariums (ALPZA), a conservation committee establish guidelines, promote, and 

motivate ALPZA members to participate in conservation of biodiversity. They seek to combine the 

efforts in the region through species programs and conservations actions among others, towards the 

global conservation objectivities (ALPZA, 2017).  

Even though species programs are overseen by different bodies in the assessed regions, studbook 

keepers will regardless of region update all relevant data (i.e. pedigree, demographic history and high 

genetic diversity) for the captive individuals of a species to ensure population stability (WAZA, 2018). 

TAGs have different roles within each region, however, WAZA holds a joined TAG chair meeting every 

second year which focus on management of populations across the zoo community. This includes the 

inter-regional collaborations with global counterparts, where the importance of conservation planning 

and action is assessed (EAZA TAG report 2015; 2016). For the European and American association, the 

overall objective and decision of which species will benefit from a species program and which programs 

to discontinue in the region lies with the TAG for each animal group (WAZA, 2018). A TAG is a 

committee constituted by professionals from member institutions, all the studbook keepers, extern 

advisors for nutrition, veterinary, taxonomy etc. (EAZA TAG report 2015; 2016). They develop Regional 

Collection Plans (RCPs) for every species and sub-species within the TAG, as well as Best Practice 

guidelines. For each species, the TAG analyses the necessary level of management to best accommodate 

the issue of species loss and limited space (Lees and Wilcken, 2011). The decision of which species to 

include in breeding programs is mostly based on the IUCN Red List threat evaluation and other 

parameters important for the specific taxon (EAZA TAG report 2015; 2016). In EAZA, the TAGs focus 

on establishing links to in situ conservation by inviting members of the corresponding IUCN Species 

Survival Commission Specialist groups (IUCN SSC Groups) and other NGO’s into the TAG (Box 1, 

page 28). The IUCN SSC Groups oversees the in situ conservation and follow guidelines established by 
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the IUCN Species Survival Commission on how to use ex situ management for species conservation, by 

evaluating the necessity of an ex situ component as part of an integrated species conservation strategy. 

They contribute to the TAG with important information for wild species in need of intensive conservation 

efforts (IUCN/SSC, 2014). This is a step towards enhancing conservation efforts between in situ and ex 

situ, as the IUCN SSC Groups can contribute with important information on the wild species in need of 

intensive conservation efforts. Furthermore, the collaboration between TAGs and IUCN SSC Groups are 

in alignment with the global conservation strategies such as The One Plan approach and Aichi Targets 

(Byers et al. 2013; CBD, 2018), which aims to reduce the pressure and loss of biodiversity before 2020 

(Funk et al., 2017).  

All zoological institutions should help elevate species management to be as effective as is 

conceivable, by conserving as much biodiversity as possible to limit the loss of species and biodiversity 

in the future (Leus K., et al. 2011). A strategy to enhance viable conservation within the zoo community 

and to maximize the effect of global conservation is to identify threatened species in high need of 

conservation. TAGs could follow up on this by expanding the decision tools and parameters they already 

have established for prioritization of species for ex situ conservation by including global other 

prioritization schemes, which are often assessed by the IUCN SSC Groups for in situ conservation. This 

includes factors such as phylogeny, climate change, and conservations costs.  

Funk et al. (2017) advocates for species and sites listed under the Alliance for Zero Extinction (AZE) as 

potential sources to reduce biodiversity loss through global conservation, thus contribute to the 

achievement of the Aichi targets (Funk et al., 2017). AZE species inhabit constrained areas with at least 

95% of the population restricted to a single location, thus placing them as highly vulnerable to habitat 

fragmentation and other environmental changes. AZE species and sites are interlinked and 

comprehensively identified, thereby providing immense opportunities to prevent the extinction of 

endangered and critically endangered species. Conservation of AZE species is conceivable both in the 

wild and by including populations under human care. In total, 920 species and 588 sites are listed under 

this alliance, containing species from the four big classes (mammals, birds, amphibians and reptiles), 

some conifers, and corals. The majority of species is in class Amphibia (Funk et al., 2017; Ricketts et 

al., 2005). By protecting, maintaining, and managing AZE species, the improvement of the sites may 

halt biodiversity loss, hence decrease the loss of the ecosystem services. The loss of an AZE species/site 

is the loss of current and future ecosystem services, as the AZE species are unique (i.e. trigger species) 
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and many also listed as Evolutionary Distinct and Globally Endangered (EDGE) species (Isaac et al., 

2012). EDGE species are classified as globally threatened and extraordinary phylogenetically unique 

species, with few close relatives (Box 1, page 28) (Isaac et al., 2012; Isaac et al., 2007). A large segment 

of species is threatened by climate change, overexploitation, hunting, fishing, pet trade, etc. (Maxwell et 

al., 2016). A strategy to assess a large number of the endangered and critically endangered species within 

a short period of time, would be to consider AZE and EDGE species when developing new breeding 

management programs. An assessment of species protected by the Convention on International Trade in 

Endangered Species of Wild Fauna and Flora (CITES) (Box 1, page 28) regardless of threat status, would 

additionally include those not in imminent risk of extinction but expected to become soon due to 

overexploitation, hunting, fishing, pet trade, etc. (Foden et al., 2013; Maxwell et al., 2016). The degree 

of a species threat by the international trade (Appendices I, II or III) in CITES would be a weighing factor 

in the TAGs evaluation, in addition to the IUCN threat assessment (CITES, 2018). By incorporating a 

broader perspective into ex situ species conservation, zoos can use their facilities to influence visitors 

through conservation education. Zoos can highlight the necessity of enforcing hunting regulations, 

developing international policies (i.e. CITES), and protecting key biodiversity areas. The protection of 

species by CITES can help enlighten the public on how demands for animal objects (ivory, rhino horn, 

fur, bones) prevails the extinction of species (Maxwell et al., 2016), and how legislations help in this 

matter. Climate change is a prominent factor affecting many species, hence, an evaluation of species 

Vulnerable to Climate Change (VCC) regardless of threat status could serve as a strategy to initiate 

management programs for species not in imminent risk of extinction but expected to become soon (Box 

1, page 28 ) (Foden et al., 2013). The costs of conserving AZE species and sites have been calculated for 

some species as their Conservation Opportunity Index (COI), to assess the possibility of achieving 

successful conservation of a species in both its natural habitat (COIh), and by having insurance 

populations in zoos (COIc) (Box 1, page 28) (Conde et al., 2015). Included in indicator COIc is the costs 

of zoo management of populations of minimum 500 individuals, which is the necessary number of 

individuals to sustain a viable population (Frankham et al., 2002). By focusing and directing attention to 

AZE sites and EDGE species, conservation can be extended to many other species not yet assessed by 

the IUCN, but which might also have decreasing populations. An inclusion of global prioritization 

schemes would additionally be in alignment with the suggested strategy to fulfil the Aichi Targets (Funk 

et al., 2017), as well as fulfilling the WAZA 2015 conservation strategy (Barongi et al., 2015). The 
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inclusion of prioritization schemes could be included in the evaluation of which species to manage and 

even more biodiversity could be enfolded, regardless of the threat status provided by the IUCN Red List.  

To maximize Zoos and Aquariums conservation impact, we assessed the distribution of regional 

species programs with species holdings in ZIMS and the alignment with the following species 

prioritization schemes: 1) IUCN Red List threatened category, 2) the Evolutionarily Distinct and 

Globally Endangered (EDGE), 3) the Vulnerability to Climate Change (VCC), 4) the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora (CITES), and 5) the Alliance for 

Zero Extinction (AZE) including their Conservation Opportunity Index (COI for AZE) (Box 1, page 28). 

To analyse whether conservation in zoos are serving its optimum in order to provide the most genetically 

healthy populations possible for future global conservation, it is important to know how many species 

under human care that are managed and how the distribution of these falls within the threat categories on 

the IUCN Red List. We analysed the distribution of threatened and non-threatened species in current 

active species breeding program to obtain an overview of how many species in ZIMS are managed in 

regional breeding programs in zoos and aquariums Species360 member institutions in five regions. We 

compared the number of species in ZIMS that overlap with species covered by the IUCN SSC Groups, 

to assess how many species can benefit from a collaboration between in situ and ex situ if data from zoo 

populations are applied. The available information from all Species360 member institutions in ZIMS can 

be a valuable tool to help protect biodiversity through the management of species on a global scale (Fa 

et al., 2014). 
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BOX 1. Global Prioritization Schemes 

Vulnerability to Climate Change 

A species Vulnerability to Climate Change (VCC) is a prioritization scheme based upon the IUCN 

Guidelines for assessing the world’s most climate change vulnerable species. The species of birds, 

amphibians, and warm-water reef corals are identified by a 'high/low' score (Foden et al., 2013), 

however for reptiles only European species has been assessed (Carr, 2011) and therefore only those 

were included. The score is based on three dimensions: sensitivity, exposure, and adaptive capacity, 

thereby assessing species on their biological traits and exposure to projected climate change (Foden 

and Young, (eds.) 2016). The biological traits includes biological, ecological, physiological, and 

environmental traits that was found to have influence on a species sensitivity to climate change and 

adaptive capacity in different major taxa, such as: (a) habitat and/or microhabitat specialization, (b) 

narrow environmental tolerances, (c) the potential for disruption of both environmental triggers and 

(d) interspecific interactions, (e) rarity etc. Traits appropriate for each of the chosen classes was

selected to gather information for the assessment. For a species to qualify as highly vulnerable to 

climate change overall, it must score ‘high’ in all three dimensions (Foden et al., 2013).  

Evolutionary Distinct and Globally Endangered 

The Evolutionary Distinct and Globally Endangered (EDGE) score has only been developed for the 

classes Mammalia, Aves, Reptilia, Amphibia, and Anthozoa (Gumbs et al., 2018; Isaac et al., 2012; 

Isaac et al., 2007). EDGE species are regarded as both threatened (Vulnerable, Endangered, Critically 

Endangered) on a global scale and extraordinary phylogenetically unique species. Therefore, species 

ranked with a higher EDGE score are those that have very few or no close relatives. A species listed 

as Endangered or Critically Endangered by the IUCN Red List is weighted more in the conservation 

prioritizing than a species listed as Vulnerable. Thus, the EDGE score represents the amount of 

evolutionary history and the threat level of a species (Isaac et al., 2012; Isaac et al., 2007). For both 

mammal and amphibian species, the minority of species that have not been assigned an EDGE score, 

are primarily those without an evaluation, domesticated populations, or species listed as either Data 

Deficient or Extinct in the Wild, although Data Deficient species could face a high risk of extinctions 

(Gumbs et al., 2018; Isaac et al., 2012; Isaac et al., 2007).  
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Alliance for Zero Extinction 

The Alliance for Zero Extinction (AZE)  concentrates on identifying and securing key sites for species 

with more than 95% of the global population located at the same site (Ricketts et al., 2005) With only 

one single population left the species is in risk of extinction because their habitat are highly threatened 

by changes (Ricketts et al., 2005). Species with identified key sites are mammals, birds, some reptiles, 

amphibians and corals. Key sites are identified as the last site of occurrence for at least one Endangered 

or Critically Endangered species based on the IUCN Red List threat evaluation. Therefore, these 

species are considered to be in imminent risk of extinction and so conservation actions can have a high 

impact (Ricketts et al., 2005). Only taxa that have been globally assessed by the IUCN Red List are 

included (i.e. mammals, birds, some reptiles, amphibians, and corals). In class Reptilia only the order 

Testudines, order Crocodylia, and family Iguanidae have been globally assessed (Ricketts et al., 2005). 

To assess the possibilities of success for conservation actions of AZE habitats and trigger species, 

Conde et al. (2015) calculated a Conservation Opportunity Index (COI) for a total of 841 species 

distributed in classes Mammalia, Aves, Reptilia, and Amphibia. The calculated COI is a mean to assess 

the possibility of achieving successful conservation of a species in 1) its natural habitat (COIh), and 2) 

by having insurance populations in zoos (COIc) (Conde et al., 2015). The indicator COIh considers the 

costs of land acquisition, management, and the effect of political instability/terrorism on the 

conservation. Included in indicator COIc is the costs of zoo management of populations of minimum 

500 individuals, as well as a measuring the availability of breeding expertise for a species (Conde et 

al., 2015). Conde et al., (2015) found that species with a low COI (≤3.33) have lower probabilities of 

conservation success. Species with a high COI are those on which a higher opportunity to conserve 

either in the wild, with support of captive breeding from zoos, or both. In this study, we therefore 

assess how many managed AZE species have a medium (3.33 < COI ≤ 6.67) or high (6.67 < COI ≤ 

10) COI. 

 

CITES 

Our study included species that the Convention on International Trade in Endangered Species 

of Wild Fauna and Flora (CITES) has assessed to be threatened by legal/illegal international trade. 

Those species can be listed in either Appendices I, II or III, according to the degree of protection they 

156



 

Side 30 af 72 
 

need (CITES, 2018). Appendix I provides the most protection, because those species are considered 

to be directly threatened by international trade. Species in Appendix II are those in which the 

sustainability of their populations is being significantly affected by international trade, and species in 

Appendix III, are those that a CITES member country considers threatened by international trade 

(CITES, 2018). A taxon and even populations of the same species can be assigned into multiple 

appendices, as they have different conservation needs. In some cases, the taxa and some populations 

are not covered by CITES, thus, they are listed as not covered (Ricketts et al., 2005) which means 

CITES has not been able to assess the extinction risk of the species by international trade. However, if 

a population of the species is threatened by international trade, but not all populations that comprise 

the species have been assessed or covered, then it is labelled as I/NC (CITES, 2018). In our analysis, 

we included all the appendices if a species is at least partly covered (e.g. I/NC).  

 

IUCN SSC Specialist Group  

The IUCN Species Survival Commission Specialist groups (IUCN SSC Groups) is a science-

based network that oversees in situ conservation. There are currently 140 Specialist Groups, Red List 

Authorities, and Task Forces, constituted by volunteer experts of researchers, government officials, 

wildlife veterinarians, zoo and botanical institute employees, etc. (IUCN/SSC, 2014). 

The IUCN SSC Groups work closely with the IUCN Global Species Program. They provide scientific 

advice to government agencies, IUCN members, conservation organisations, and provide information 

to the IUCN on biodiversity conservation. The information is used by in the species assessment in The 

IUCN Red List of Threatened species. The IUCN SSC Groups follow the guidelines established by 

the IUCN Species Survival Commission on how to use ex situ management for species conservation. 

This is done by evaluating the necessity of an ex situ component as part of an integrated species 

conservation strategy. An ex situ population must be a part of an integrated conservation strategy with 

“clearly defined conservation goals and objectives that contribute to the viability of the species as a 

component of its overall conservation strategy”, and has to “benefit a population, the species, or the 

ecosystem it occupies, and the primary benefit should be at a higher level of organisation than the 

individual.” (IUCN/SSC, 2014). Here is also included situations were individuals need to be taken 

from the wild for ex situ management (IUCN/SSC, 2014).  
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Material and Methods 

Data sources 

To obtain an overview of the total number of intensively managed species in breeding programs, we 

retrieved the regional species program list for the European Association of Zoos and Aquaria (EAZA) 

(EAZA, 2017) and the Latin American Zoo and Aquarium Association (ALPZA) (ALPZA, 2018). The 

following regional associations directly provided their list of species managed in studbooks or in other 

breeding programs: American Association of Zoos & Aquariums (AZA), Pan-African Association of 

Zoos & Aquaria (PAAZA), and Zoo and Aquarium Association Australasia (ZAA).  

The complete inventory list of species holdings in Zoos and Aquariums was obtained from the 

ZIMS database of Species360 (Species360, 2018). Species were only included in the analysis if recorded 

in ZIMS as currently living specimens. Although ZIMS does not comprises all the zoos and aquariums 

members in each association, with exception of EAZA, we used ZIMS (Species360 Zoological 

Information Management System (ZIMS), 2017), as a baseline since it has the most comprehensive 

standardized data at a global level. ZIMS is managed and maintained by Species360 that has 10 million 

animal records from +1,100 Zoos and Aquariums institutions across 90+ countries (Species360, 2018). 

We analysed the taxonomic classes of: Mammalia, Aves, Reptilia, Amphibia, Sarcopterygii, 

Actinopterygii, Elasmobranchii, Holocephali, Myxini, Anthozoa, Insecta, Arachnida, Gastropoda, and 

Cephalopoda. Additionally, we retrieved population sizes from species holdings in ZIMS to examine if 

there is a pattern in the distribution of managed and non-managed species according to the population 

numbers and how many managed species have a viable population currently under human care. 

We retrieved a complete list of species from the IUCN Red List of Threatened Species from 

January 2017 (IUCN, Gland, Switzerland, 2009.) within the same classes assessed from ZIMS.  Species 

not yet assessed by the IUCN Red List have not been assigned a threat category. Thus, species not 

evaluated by the IUCN but represented in ZIMS were assigned NA (Not Assessed) and therefore doesn’t 

count in the total number of species in IUCN. Threatened species consists of all the Vulnerable (VU), 

Endangered (EN), and Critically Endangered (CR) species (IUCN, 2017). IUCN provided a list of all 

IUCN SSC Specialist Groups (IUCN/SSC, 2014) for the comparison of ZIMS species covered by the 

IUCN SSC Groups. 
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Data analysis 

Here, we did not distinguish between the different types of breeding programs, because our goal is to 

assess how many of the species in accredited associations are managed. Thus, EEPs and ESBs in EAZA 

programs, the SSPs and some Candidate programs from AZA, and the three levels of programs in ZAA 

are all considered as species breeding programs and were included on the same level. Monitoring species 

programs in EAZA were not included since the data is not accessible. Candidate programs in AZA that 

did not have a date for a final plan or calculated gene diversity were not included. Undefined programs 

that did not explicitly have the scientific name for each species could not be included in the analyses (i.e. 

‘Waterfowl Species’ and ‘Turtles’). Our study includes the nine Global Species Management Plans 

(GSMP) as of March 2016: Sumatran tiger (Panthera tigris sumatrae), red panda (Ailurus fulgens), blue-

crowned laughingthrush (Dryonastes courtoisi), Amur tiger (Panthera tigris altaica), Goodfellow’s tree 

kangaroo (Dendrolagus goodfellowi), Amur leopard (Panthera pardus orientalis), Anoa (Bubalus 

depressicornis and Bubalus quarlesi), Banteng (Bos javanicus), and Babirusa (Babyrousa sp.) (WAZA, 

2017).  

 The list of species we retrieved from ZIMS includes only species that currently have living 

individuals in zoological institutions, therefore we did not include historical records. As a result, nine 

species programs were excluded from the analysis as no individuals were found in ZIMS: one program 

from ZAA (Aldabrachelys gigantea), two from EAZA (Ctenodactylus vali and Aotus griseimembra), 

and six from AZA (Anaxyrus houstonensiss, Canis rufus gregoryi, Cyclura lewisi, Haplochromis 

parvidens, Haplochromis argens and Pristis pectinate). In the case of species in an AZA institution it is 

important to highlight that some species program may not be in ZIMS, as not all AZA zoos are members 

of Species360 and therefore not providing data for ZIMS. For the EAZA species programs, some species 

programs might appear as active although there are currently no species holding in any EAZA member 

institution. This is, for example, the case with the Black-footed cat (Felis nigripes). The program is 

considered as an active program in EAZA, but the population number is zero individuals in this region. 

Other regions have species holdings of this species and therefore we obtain a population number. 

However, this has not been checked any further for the rest of the EAZA species programs.  

We did a population diversity analysis by the Shannon-Index (Spellerberg and Fedor, 2003) to 

assess the biodiversity and species distribution for species holdings in ZIMS. This was done for the 

classes of Mammalia, Aves, Reptilia, and Amphibia, and for each of the five regions. We used the 
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Shannon-Index: 𝐻′ = −∑ 𝑝𝑖𝑙𝑛𝑝𝑖
𝑅
𝑖=1  to obtain a better understanding of the distribution of the species 

programs within class and for the assessed regions, by looking at the species richness (i.e. number of 

species per sample) and the species evenness (abundances of the various species in a sample) (Spellerberg 

and Fedor, 2003). H’ is a measure of the uncertainty of how random a picked species is from a specific 

species. Originally the index was used to predict the next letter in a message, with the uncertainty of the 

next letter being measured by the H’ (Spellerberg and Fedor, 2003). The uncertainty increases when the 

species diversity increases. DeJong (1975) found a linear relationship between the Shannon-Index and 

species richness and evenness. The evenness tells us about the abundance of species and similarity across 

the species, which will increase with a more evenly distribution of the sampled species. Species diversity 

increases when the abundance of sampled species becomes more even and the number of species in a 

sample increase. The Shannon-Index increases with increasing richness and is more influenced by 

species richness than species evenness. Thus, the index score will increase as the number of species 

sampled rises and the abundance of these species become more even (DeJong, 1975). The nine species 

programs without any species holdings in ZIMS was also excluded from this analysis. 

  To assess whether the intensive management of species in Zoos and Aquariums is in alignment 

with other global species prioritizations schemes, we analysed: 1) the Evolutionarily Distinct and 

Globally Endangered (EDGE), 2) the Vulnerability to Climate Change (VCC), 3) the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora (CITES), and 4) the Alliance for 

Zero Extinction (AZE). For the AZE species we as well quantified 5) how many of those had a 

Conservation Opportunity Index (COI) for habitat or zoo conservation. We also assessed 6) the IUCN 

Red List threatened category, and 7) the alignment with the IUCN SSC Groups (Box 1, page 28). We 

retrieved the species lists for all five prioritization schemes January 2017 to April 2018 (EDGE, 2018; 

VCC, 2017; CITES, 2018; AZE, 2017; COI, 2018; IUCN, 2017; IUCN SSC Groups, 2018). The assessed 

classes in each prioritization scheme are described in Box 1. 

To assess how managed species programs in zoos and aquariums can support the IUCN Species 

Survival Commission Specialist groups (IUCN SSC Groups) we compared the distribution of species 

programs with the species in the IUCN SSC Groups. Since some IUCN SSC Groups cover a whole class 

or family rather than the species, then comparison is performed on genus/family level to avoid 

duplications. For example, the WI-IUCN SSC Duck Specialist Group overlap with the IUCN SSC 
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Groups for Swan and Goose. To visualize the distribution of managed species programs, we used a 

webtool from Bioinformatics (BEG, 2017) in addition to the R package “ggplot2” (version 1.0.1). 

 

Taxonomic standardization of databases across prioritization schemes 

We standardized data from the five regions and ZIMS, across other databases and prioritization schemes 

with the RStudio version 1.0.143 and R package ‘taxize’ version 0.5.2 (RStudio, 2015; Chamberlain & 

Szocs, 2013; Chamberlain, Szöcs, Boettiger, & Ram, 2014). With this package we were able to retrieve 

and assign the accepted scientific names according to Catalogue of Life CoL) (Roskov et al., 2016) for 

each dataset. Species that could not be retrieved with taxize were manually checked. For example, species 

of which an IUCN Red List Threat category was not retrieved by taxize returned NA and were manually 

checked. This was done for species in the classes Mammalia, Aves, Reptilia and Amphibia in both CoL 

and the IUCN Red List. Species classified as either Extinct in the Wild (EW) or Extinct (EX) were 

likewise manually assessed. Two species in ZIMS returned EX (Partula taeniata and Sus bucculentus) 

but the threat status was changed to NA for this analysis, since they have a species holding in zoos and 

aquariums. The threat classifications were updated to the present classification (e.g. LR/lc to LC) from 

the IUCN Red List, either since retrieved directly with ‘taxize’ or manually checked in the current IUCN 

website.  

Some of the managed species appeared with different studbook names in the lists provided by the 

regions, for example, Hexaprotodon liberiensis used by AZA and Choeropsis liberiensis used by EAZA 

and ZAA. Likewise, to merge across the other databases we used the Catalog of Life to standardize 

species names between the datasets from the regional associations. When certain that the different 

designations corresponded to the same species program, we edited to the same species names following 

the taxonomy of CoL, in order to avoid duplicated listing and retrieve the correct number of species 

program running in multiple regions. 
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Results 
 

Distribution of all species programs 

Of the assessed classes, ZIMS has records for 11,281 species holdings (not considering sub-species). In 

the five studied regions we found a total of 1,098 species-breeding programs at the sub-species level, 

when including those for the same species in the five different regions. We find that species of Least 

Concerned (LC) are largest represented in species programs by 34.6% (381/1,098), while species Not 

Assessed (NA) only make up 0.3% (4/1,098). The Critically Endangered species are represented the least 

in species programs by 13.6% (150/1,098) of the three categories that makes up threatened species 

(Figure 1). The total number of species programs decreases from 1,098 to 837 species programs when 

excluding duplicated breeding programs, i.e. same species that are managed in different regions. The 

sub-species programs count 129 programs, so the exclusion of sub-species programs therefore gives a 

total number of 734 managed species distributed on the assessed classes. The exclusion of sub-species 

programs only decreases the number of programs in each category, as the Least Concerned species are 

still the most represented in species programs, now by 39% (288/734) (Figure 1). The number of species 

programs changes again when we analyse the distribution based on IUCN Red List threat status, versus 

by classes. When assessing threat status for programs on species level, we get a total number of 772 

species programs instead of 734. This occurs due to the difference in the threat assessment of IUCN 

regarding sub-species/species is integrated (Appendix I, Table A1). 
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Figure 1. Species managed genetically and demographically by ALPZA: the Latin American Association of Zoological Parks and 

Aquariums; AZA: the American Association of Zoos & Aquariums; EAZA: the European Association of Zoos and Aquaria; PAAZA: the 

Pan-African Association of Zoos & Aquaria, and ZAA: the Zoo and Aquarium Association Australasia., by the IUCN Red List Threat 

categories. The seven IUCN Red List categories are DD = Data Deficient, LC = Least Concern, NT = Near Threatened, VU = Vulnerable, 

EN = Endangered, CR = Critically Endangered, EW = Extinct in the Wild. Species with NA indicate those species that have not yet been 

assessed by the IUCN Red List. Distribution of species programs in each category for the 1,098 species programs incl. subspecies and 

those running in multiple regions (blue) and for the 734 unique programs excl. sub-species (only one program per species) (yellow). 

Overlaps of the 1,098 regional breeding programs for sub-species are visualized for non-

threatened and threatened species for the five regions: ALPZA, AZA, EAZA, PAAZA and ZAA. 

Threatened species programs make up the majority of species programs in PAAZA with 94.7%, in 

ALPZA with 72.7%, and in EAZA by 58.8%. In ZAA the number of threatened and non-threatened 

species programs are equal, while 54.7% of the species programs in AZA are for non-threatened species 

(Appendix I, Table A3).  

The intersection of the regions represents the number of programs on sub-species level that are 

simultaneous running in multiple regions. AZA and EAZA have most overlapping programs, with 112 

programs for threatened species and 71 programs for non-threatened species. In total 104 threatened 

species and 78 non-threatened species have programs running simultaneously in two regions, while 26 

threatened species and eight non-threatened species have programs running simultaneously in three 

regions. Two threatened species programs (Lycaon pictus & Astrochelys radiata) are running in AZA, 

EAZA, PAAZA and ZAA, while one non-threatened species program (Chrysocyon brachyurus) is 

running in ALPZA, AZA, EAZA and ZAA. There is not a single program on sub-species level running 

in all five regions (Figure 2; Appendix I, Table A3b) 
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Of the nine GSMP programs, we found that the program for the Red panda (Ailurus fulgens) is managed 

in a regional program in PAAZA. In AZA, EAZA, and ZAA the sub-species A. f. fulgens or A. f. refulgens 

are managed. The program for Panthera tigris sumatrae is running in AZA, EAZA and ZAA, while four 

programs are running in AZA and EAZA (Panthera tigris altaica, Bubalus depressicornis, Bos 

javanicus, Panthera pardus orientalis). One program (Garrulax courtoisi) is found as a program in 

EAZA, while two programs weren’t located in the lists of regional managed species programs 

(Babyrousa sp. and Bubalus quarlesi). 

 

 

Figure 2. Distribution of managed species programs on sub-species level for a) threatened species and b) for non-threatened species. The 

regional associations are ALPZA with (11 programs): the Latin American Association of Zoological Parks and Aquariums; AZA (534 

programs): the American Association of Zoos & Aquariums; EAZA (422 programs): the European Association of Zoos and Aquaria; PAAZA 

(19 programs): the Pan-African Association of Zoos & Aquaria, and ZAA (112 programs): the Zoo and Aquarium Association Australasian. 

The number indicates the managed programs in the region. Intersections of regions show the number of programs running in more than 

one region. 

 

The 1,098 species programs on sub-species level which are running in multiple regions are distributed 

unevenly among classes, with mammalian being the most managed class, with 567 species programs in 

the five regions, followed by 357 programs in class Aves and 124 programs in class Reptilia. The rest of 

the species programs are distributed by the rest of the classes, with 12 programs for class Amphibia; 11 

programs for class Actinopterygii; 20 programs for class Elasmobranchii; four programs for class Insecta, 
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and three programs for class Arachnida. Although the following classes are represented with individuals 

in ZIMS, there are no species programs running for classes Sarcopterygii, Holocephali, Myxini, 

Anthozoa, Cephalopoda, and Gastropoda (Appendix I, Table A3a). 

 

Species index analysis for sub-species programs 

We performed a Shannon-Index calculation (H’) of species diversity for the 837 non-duplicated sub-

species programs (Appendix I, Table A1b). A species program is counted once in each of the regions 

that holds a program for the particular species. From the H’ for species holdings in the four classes of 

Mammalia, Aves, Reptilia, and Amphibia we found that the class Reptilia has the highest evenness of 

0.9192. Thus, the species programs in this class are more or less similar in number of individuals in 

each program (Table 1). Class Amphibia has the lowest evenness, which means that the species number 

of individuals in the programs are not evenly distributed. The H’ is highest for class Mammalia, which 

also holds the largest number of species programs. However, even though class Reptilia holds few 

species programs (12.6%) when compared to class Mammalia (47.2%) and Aves (34.2%), the H’ for 

class Reptilia of 4.1865 is still almost as high as class Aves (4.7459), due to the higher evenness of 

0.9192 compared to 0.8391 for class Aves. The H’ for class Mammalia is the highest by 5.321 and 

closest to the overall H’ of 5.9518 for all classes together. For the five regions, the evenness of the 

species programs is highest in EAZA, closely followed by AZA and ZAA, despite ZAA holding 4-5 

times fewer programs than the two former regions. AZA holds the largest amount of species programs, 

and even though EAZA has the highest evenness, the Shannon-Index is by a slightly highest for AZA, 

closely followed by EAZA. 

 

Table 1. Shannon-Index and evenness for the four classes: Mammalia, Aves, Reptilia, and Amphibia, and the five regions: ALPZA: the 

Latin American Association of Zoological Parks and Aquariums; AZA: the American Association of Zoos & Aquariums; EAZA: the 

European Association of Zoos and Aquaria; PAAZA: the Pan-African Association of Zoos & Aquaria, and ZAA: the Zoo and Aquarium 

Association Australasia.  
Overall Mammalia Aves Reptilia Amphibia ALPZA AZA EAZA PAAZA ZAA 

H’-Index 5.9518 5.321 4.7459 4.2865 1.8267 
 

1.704 5.5179 5.4257 2.3155 3.9418 

Evenness 0.8859 0.8899 0.8391 0.9192 0.7618 
 

0.7107 0.8811 0.8993 0.7864 0.8369 

total no. 837 395 286 106 11 
 

11 525 417 19 110 
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Distribution of species programs - species level 

When considering the 734 distinct programs on species level (Appendix I, Table A1d), we found that 

managed species account for 6.5% of all species holdings in ZIMS across the five regions. The majority 

of species programs lies within the Least Concerned species (288 programs), making up 39.2% of all 

managed species (Figure 1). However, the managed Least Concerned species only make up 5.4% of all 

the Least Concerned species in ZIMS (288/5,319) (Figure 3). The managed threatened species accounts 

for 47.7% of all managed species (350/734), while making up 3.1% of all species found in ZIMS 

(350/11,281) (Appendix I, Table A2). Threatened species are distributed with 35.2% (89/253) Critically 

Endangered species in species programs, followed by 33.2% (121/365) of the Endangered species, and 

23.1% (140/605) of Vulnerable species.  

 

 

Figure 3. Species managed genetically and demographically by ALPZA: the Latin American Association of Zoological Parks and 

Aquariums; AZA: the American Association of Zoos & Aquariums; EAZA: the European Association of Zoos and Aquaria; PAAZA: the 

Pan-African Association of Zoos & Aquaria, and ZAA: the Zoo and Aquarium Association Australasia, by IUCN Red List Threat categories. 

The seven IUCN Red List categories are DD = Data Deficient, LC = Least Concern, NT = Near Threatened, VU = Vulnerable, EN = 

Endangered, CR = Critically Endangered, EW = Extinct in the Wild. Species with NA (0.1%) indicate those species that have not yet been 

assessed by the IUCN Red List. Percentage of species managed out of the total number of species in ZIMS (total number given on top of 

the bar). 

Of the 734 species programs, the class Mammalia is the most represented class (~46%), followed by 

Aves and Reptilia, (36% and 12%, respectively). Elasmobranchii is represented by 1.7%; and Class 

Actinopterygii and Amphibia are both represented by 1.5%. The classes Insecta and Arachnida make up 
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0.4 % of the managed species, as only two to three species are managed in each of these classes 

(Appendix I, Table A4). No species are yet managed in the classes Sarcopterygii, Holocephali, Myxini, 

Anthozoa, Gastropoda, and Cephalopoda. Managed species are distributed by 384 non-threatened species 

(52.3%) and 350 threatened species (47.7%) (Figure 4). 

 

 

Figure 4. Managed species across the eight taxonomic classes analysed: Mammalia (45.8%), Aves (36%), Reptilia (12.9%), Amphibia 

(1.5%), Actinopterygii (1.5%), Elasmobranchii (1.7%), Insecta (0.49%), Arachnida (0.4%). The classes Sarcopterygii, Holocephali, Myxini, 

Anthozoa, Cephalopoda, and Gastropoda are not represented (0%). The bar shows the percentages of threatened and non-threatened 

managed species.  

 

Of the assessed classes, class Actinopterygii holds the most species, but only 7.8% of them are considered 

threatened by the IUCN Red List (233/2,992). Class Mammalia is the fifth biggest class with threatened 

species making up 28.5% of all mammalian species (295/1,046). Class Elasmobranchii is one of the 

minor classes in ZIMS, however, threatened species make up as much as 22% in this class (28/127). For 

the classes Sarcopterygii, Holocephali, Myxini, and Cephalopoda none of the species found in ZIMS are 

evaluated as threatened (Figure 5a). Of the threatened mammalian species, 53% of (156/296) are 

managed in a species breeding program in at least one of the five regions. Class Amphibia has 8% 
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managed threatened species, while only 3% threatened species in class Actinopterygii are managed, 

despite class Actinopterygii holding more than twice as many threatened species as class Amphibia. 

None of the threatened species in class Anthozoa and class Gastropoda are managed (Figure 5b). 

 

 

Figure 5. All species in ZIMS distributed as a.) non-threatened species (green) and threatened species (red). The dash separates the total 

number of species from the total number of threatened ones, in parenthesis is shown the percentage of threatened species. The total number 

of species b) threatened species (orange) and the number of managed threatened species (brown) given as the percentages in parenthesis. 

Classes not represented by threatened species are indicated with zero. 

 

When assessing the species programs for classes we found the 336 species programs in the class 

Mammalia (of the 734 unique species programs) to be distributed in 21 different orders, with the orders 

Primates (97 programs), Artiodactyla (80 programs), and Carnivora (77 programs) comprising the 

majority of species programs in class Mammalia. The 266 species programs in class Aves are distributed 

on 31 different orders, with order Passeriformes (42 programs), Psittaciformes (29 programs), and 
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Accipitriformes and Anseriformes (18 programs) as the four biggest orders. Class Reptilia have 91 

programs within four orders, with 43 programs for Squamata, 39 for Testudines, eight for Crocodylia 

and one for Rhynchocephalia. All 11 species programs for class Amphibia are within order Anura. The 

11 programs in class Actinopterygii and 13 programs in class Elasmobranchii are distributed on two and 

six orders, respectively. The class Insecta and Arachnida each have three programs divided on two orders 

for class Insecta and one order for class Arachnida (Appendix I, Table A5). 

 

Population number for species under human care 

The total population number is presented for all species holdings in ZIMS for the classes Mammalia, 

Aves, Reptilia and Amphibia. Population numbers are divided in eight ranges from 0 to > 2,000 

individuals. Managed species in each class are presented on species level, thus, sub-species programs are 

not included in the total number (Figure 6). Class Aves holds the most species with population numbers 

between zero and 20 individuals, but only 1.2% are managed in a species program (15/1,278), which is 

the same percentage of managed species in class Amphibia (3/241). Class Mammalia holds 6% of the 

managed species in this range (25/416), while class Reptilia have 0.5% managed species in this range 

(4/766) (Appendix I, Table A6). For the distribution of species in the range 50-100 individuals, class 

Aves holds again most species, followed by class Reptilia and Mammalia. However, despite the number 

of managed species being equal for class Aves and Mammalia (52/242 and 52/119 species), the 

percentages of managed species are twice as high for class Mammalia with 43.7% managed species than 

for class Aves with 21.5%. In this range, the managed species in class Reptilia make up 8% (17/212), 

while not a single managed species in class Amphibia is found here (0/43). Class Mammalia has twice 

as many species than class Aves, with population numbers above 500 individuals (including ranges: 500-

1,000; 1,000-2,000; >2,000). Of the mammals, 62.6% of the species are managed (67/107), while this 

goes for 30.7% of the species in class Aves (32/104). Class Reptilia holds 10% managed species in this 

range (3/29), followed by class Amphibia with 6.3% managed species (2/32) in this range (Appendix I, 

Table A6). 
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Figure 6. Species in ZIMS across the four classes, a) Mammalia, b) Aves, c) Reptilia, and d) Amphibia. Species population numbers are 

divided in ranges. The number of species differs between the classes on the x-axis. The total number of species in each range is given at the 

end of the bar. Managed species (brown) and non-managed species (orange) are represented at species level for each of the four classes.  

Value of including other prioritization schemes 

We found that CITES is the prioritization scheme with the largest amount of managed species with 32.8% 

of the 734 species programs. The managed species represents 19% (241/1,266) of the CITES species, of 

which 47% (114/241) are considered threatened by the IUCN Red List. Managed EDGE species make 

up ~22% of all managed species in ZIMS (161/734 species), with 95% of the managed species listed as 

threatened (153/161). Managed EDGE species make up 39.4% of all EDGE species found in ZIMS 

(161/409). We found 63 species highly Vulnerable to Climate Change (VCC), whereas 18 of those are 

threatened. The managed species make up 9.2% (63/683) of all high VCC species in ZIMS, while making 

up 8.6% (63/734) of all managed species. Managed AZE species are representing 2.2% (16/734) of all 

managed species, while making up ~30% of all AZE species found in zoos (16/54). Except three species 
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listed as EW, all managed AZE species are threatened. The COIh for AZE species score is calculated for 

one Endangered species, while one Critically Endangered species has a calculated COIc score (Table 2). 

 

Table 2. Number of managed species in species programs and total number of species in ZIMS by IUCN Red List category on each of the 

species prioritization schemes. In parenthesis is shown the percentage of species managed with respect to the total number of species in 

ZIMS. For AZE species, we show the number of species with a high or a medium Conservation Opportunity Index (COI) for both Habitat 

and Zoos-Aquariums.  COI Habitat and COI Zoo refers to species with a calculation for both parameters and are not included in the COI 

Habitat or COI Zoo. 

 
Species 

IUCN 

RL 

 

Species 

ZIMS 

Total  

 

 

No. of species regionally managed / Total No. species in ZIMS under a 

prioritization scheme 

 

 

Total 

Managed 

CITES  VCC High  EDGE  
AZE species 

 

    Total 
COI 

Habitat 

COI 

Zoo 

COI Habitat 

and COI Zoo 

NA 4,036 4 (0.1%) 4/124 1/13 0/4  0/0 NA NA NA 

DD 187 13 (7%) 4/21 0/2 1/1  0/0 NA NA NA 

LC 5,319 288 (5.4%) 92/653 34/527 6/11  0/0 NA NA NA 

NT 487 73 (15%) 26/149 8/60 1/4  0/0 NA NA NA 

VU 605 140 (23%) 48/150 14/46 69/198  0/1 0 0 0 

EN 365 121 (33.2%) 32/97 3/25 50/120  3/17 1 0 2 

CR 253 89 (35.2%) 34/70 1/8 34/71  13/33 0 1 11 

EW 29 6 (23%) 1/2 2/2 0/0  0/3 0 0 0 

Total  11,281 734 241/1,266 63/683 161/409 16/54 1 1 13 

 

The 1,266 species listed in any of the CITES appendices are distributed in six different classes, with class 

Aves representing the majority of the species by ~40%, and the classes Mammalia and Reptilia almost 

equally represented with 24% and 23%, respectively. Managed species make up ~49% of the mammalian 

species in CITES (204/418), while this only goes for 21% of the species in class Reptilia (82/394), and 

20% of species in class Aves (127/650) (Figure 7). Class Amphibia represents the majority of the 54 

AZE species by 40%, however, no amphibian species are managed (0/21). Class Reptilia is the class with 

most managed AZE species, representing 69% of all reptilian AZE species (9/13). Non-managed species 

make up ~71% all AZE species (Appendix I, Table A7). EDGE species are predominantly distributed 

with 35.7% mammalian species (146/409), 26.9% (110/409) bird species, and 25.7% (105/409) reptile 

species. Managed mammalian species make up 61.6% (90/146), while 43.6% avian species (48/110) and 

21% (22/105) of the reptilian species are managed. Class Amphibia make up the rest of the managed 

EDGE species, with 2.7% managed species (1/37), while class Anthozoa is represented by 11 non-

managed species. The 683 species with a high VCC score are made up of species in class Aves by 80.8% 
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(552/683); class Amphibia with 14.5% (14/683), and class Reptilia by 2% (99/683). The 9% managed 

species are distributed as 61 avian species, one reptile and one amphibian species. Class Anthozoa make 

up 2.6% of all VCC species in ZIMS, but none are managed (Figure 7). 

 

 

Figure 7. Number of non-managed species and managed species in species programs in ZIMS on the four species prioritization schemes; 

a) CITES, b) VCC High, c) EDGE, and d) AZE. Based on table A6 (Appendix I). This includes species regionally managed in ALPZA: the 

Latin American Association of Zoological Parks and Aquariums; AZA: the American Association of Zoos & Aquariums; EAZA: the 

European Association of Zoos and Aquaria; PAAZA: the Pan-African Association of Zoos & Aquaria, and ZAA: the Zoo and Aquarium 

Association Australasia. 

 

Alignment of managed species in ZIMS and the IUCN SSC Specialist Groups  

We found that the 734 managed species make up 1.27% of the 57,807 species (excluding those listed as 

EX) evaluated by the IUCN Red List (Appendix I, Table A8). Manged species in class Mammalia 

make up 6.2% (336/5,484) of the mammalian IUCN species. The managed species in class Aves make 

up 2.4% (266/10,965) of all assessed IUCN species in class Aves, while this is 1.7% for class Reptilia 

(91/5,232), 1.5% in class Arachnida (3/202), and 1.3% in class Elasmobranchii (13/1,041). Managed 
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species in the three classes Amphibia, Insecta, and Arachnida each represents less than 0.2% of all 

species evaluated by IUCN for each of the classes. 

We analysed the number of species in ZIMS that are similar to species covered by the IUCN SSC 

Groups. We display the percentage of species in ZIMS out of the total number of species in IUCN. The 

managed ZIMS species are likewise seen as the percentages of managed species out of the total number 

of ZIMS species. We discovered for class Mammalia that if the number of species in an IUCN SSC 

Group is low, the percentages of species found in ZIMS is high. The percentages of managed ZIMS 

species are also likely to be larger (Figure 8). For some species groups, the species covered by the IUCN 

SSC Group are all found in ZIMS (e.g. Bear Specialist Group, Large Carnivore Initiative for Europe 

Specialist Group, Equid Specialist Group; Giraffe and Okapi Specialist Group). For three IUCN SSC 

Groups, all the species found in ZIMS are also managed (Anteater, Sloth & Armadillo Specialist Group, 

Giraffe and Okapi Specialist Group, Hippo Specialist Group, Sirenia Specialist Group). For two IUCN 

SSC Groups, none of the species covered by the IUCN SSC Group and found in ZIMS are managed 

(Lagomorph Specialist Group, Pangolin Specialist Groups). For the largest IUCN SSC Groups that 

covers more than 1,000 species, the percentages of species found in ZIMS and managed are very low. 

The complete list for all IUCN SSC Specialist Groups is in Appendix I (Table A9).  
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Figure 8. Species in class Mammalia supervised in an IUCN SSC Specialist Group (blue), with the percentages of species covered by the 

IUCN SSC Group and found in ZIMS (orange) and the percentages of managed ZIMS species (brown). Only the IUCN SSC Groups which 

covers species distinguishable from other IUCN SSC Groups by family or genus are included. The total number of species managed in each 

IUCN SSC Group is given at the end of each bar. Remaining classes in Appendix I, Table A8. 
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Discussion 

The goal of this study was to obtain an overview of the alignment of other species prioritization schemes 

with the species managed by five regional zoo and aquarium associations. We assessed species programs 

in alignment with prioritization schemes used by the IUCN SSC Groups to assess the potential of a global 

collaboration between the whole conservation community. We explored whether the zoo conservation 

programs are serving its optimum to provide the most genetically healthy populations possible for future 

global conservation. We consider it important for future species conservation to assess the number of 

species in ZIMS under human care and the species holdings managed in species programs in zoos and 

aquariums of the Species360 network within five regions. We analysed the distribution of threatened and 

non-threatened species in species programs, to assess how the distribution of these falls within the IUCN 

Red List threat categories. Since many species are coming closer to extinction, we aim to show that the 

available information in ZIMS from all Species360 member institutions can help protect biodiversity on 

a global scale (Fa et al., 2014). The IUCN SSC Groups have the opportunity to identify which species 

already have an established back-up population through the collaboration with TAGs, as the data in ZIMS 

is for Species360 members. Collaboration is also achieved when TAGs receives advice from the IUCN 

SCC Groups. For example, in EAZA, if a species is not already found within EAZA members and the 

IUCN SCC Group suspect the species to be on the brink of extinction in the wild, their recommendation 

can initiate the establishment of a backup population in zoos by collecting animals from the wild. When 

TAGs are deciding on the necessary management level for a species, they usually assess the IUCN Red 

List threat status together with other taxon-specific criteria. Species assessment would be more 

comparable for in situ and ex situ populations if TAGs included some of the same prioritization schemes 

as used by the IUCN SSC Groups. The implementation of common criteria would enhance the 

collaboration between the two groups. It would additionally provide a better foundation for the IUCN 

SSC Groups and TAGs to evaluate which wild species in eminent risk of extinction could benefit 

immensely from insurance populations in zoos. Such an orientation of in situ and ex situ species 

conservation would be in alignment with the global strategies such as the One Plan Approach and Aichi 

Targets (Byers et al. 2013; CBD, 2018) and the WAZA 2015conservation strategy (Barongi et al., 2015).  

 

Our data suggests that there is an alignment between the distribution of species managed in breeding 

programs in the five regions and some of the prioritizations schemes (Table 2). We found that CITES is 
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the prioritization scheme with the largest amount of managed species, making up 32.8% of the 734 

species programs. Class Mammalia is the class in ZIMS with most managed CITES species, despite both 

class Aves and Reptilia holding more CITES species in total. Not a single CITES species in class 

Amphibia is managed (Figure 7). Of all the 1,266 species included in a CITES Appendix, the managed 

species in CITES accounts for 19% of all CITES species in ZIMS. This presents an opportunity for more 

of these species to be managed since populations are already held within zoos. With the CITES 

legislations and protection of species under Appendices I, II, and III, it is not possible to collect a wide 

range of species from the wild. Thus, the management of species becomes highly necessary to maintain 

sustainable populations of CITES species in zoos. CITES covers comparatively few taxa (Appendix I, 

Table A7), thus the number of amphibian species protected by CITES are low compared to the three 

classes Mammalia, Aves, and Reptilia. Class Mammalia is the class in ZIMS with most managed species 

in general, but the larger representation of managed mammals in CITES can be a result of a higher 

awareness towards the often charismatic mammalian species opposed to, for example, marine species of 

lower taxa. Furthermore, the registration of international trade on both mammals, birds, and reptiles are 

perhaps easier, since marine species have much greater ranges than terrestrial species. Thus, they are 

harder to assess (Wells and Barzdo, 1991).  

Species highly Vulnerable to Climate Change (VCC) are likely to benefit even more from 

intensive management plans in zoos and aquariums. Some species can be evaluated by the IUCN as Least 

Concern species but can still be highly Vulnerable to Climate Change. The VCC assessment is based on 

published materials and expert-based knowledge and considers biological and ecological traits of the 

impact of climate change to species. We found 683 species with a high VCC, whereas 9.2% are managed 

(Table 2). Threatened species make up 2.6% of the managed species, while the Least Concerned species 

represents 6.5% of the managed species. If only threatened species are considered for conservation 

investment, 527 of the Least Concerned species with a high VCC species are in risk of going extinct 

before conservation efforts are implemented. Currently, 6.5% of the Least Concerned species are 

managed in a species program (Table 2). Of the 683 species with a high VCC, class Aves make up ~81%. 

Managed species represents 10%, whereas the managed avian species make up 97%. Class Reptilia 

represents 2% of the high VCC species, with 7.7% being managed (Figure 7, Table 2). Carr (2011) found 

in his assessment of European reptiles the vulnerability to climate change to be independent of the IUCN 

Red List threat category. Species that was not currently threatened and impacted by climate changes, 
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could still become very threatened (Carr, 2011). The IUCN SSC Guidelines for Assessing Species’ 

Vulnerability to Climate Change was developed to indicate which species that are likely to be driven to 

extinction because of climate changes. It was developed for taxonomic groups that was relatively well 

studied and represents species from terrestrial, freshwater and marine biomes (Foden and Young (eds), 

2016). However, the assessment of VCC species is limited by the missing assessment of mammals and 

many other species. Since class Mammalia holds most of the common species, a lot of information is 

missing. Case studies for the Iberian Lynx, other mammals, insects, etc., in the IUCN SSC Guidelines, 

show that many not yet assessed species, are likely to be impacted by climate changes. Thus, there is a 

great need to expand the assessment to other taxa. In the case of the lynx it is suggested that this species 

will go extinct in the wild within 50 years, unless conservation actions that consider climate changes are 

implemented (Foden and Young (eds), 2016). 

For species listed under AZE, managed species make up 2.2% of all managed species, while the 

managed AZE species accounts for ~30% of all AZE species in zoos. Class Amphibia is the largest 

represented class by 38.8%, however, not a single species is managed. Class Reptilia represents 24% of 

the AZE species, whereas 69% are managed (Figure 7). Only 24% of the AZE species in ZIMS have a 

calculated COI for both Habitat and Zoo costs, while either the COI Habitat or COI Zoo have been 

calculated for one species respectively (Table 2). The COI is an indicator that quantifies the possibility 

of achieving successful in either the natural habitat or by backup populations in zoos (Conde et al., 2015). 

Since the costs of managing a zoo population is done for populations with at least 500 individuals, the 

few calculations found for species in ZIMS might be a result of the limited number of populations with 

such big population sizes (Figure 6). Furthermore, Conde et al. (2015) found that conservation of AZE 

vertebrates was higher and likely to be more successful if a species natural habitat is protected, rather 

than being managed in zoos. The expertise in zoos to breed threatened species will be critical to mitigate 

population declines, however, if zoos neglect to invest in insurance populations due to high costs, many 

AZE species will be insufficient protected in the natural habitat (Conde et al., 2015). Of the 595 AZE 

sites, as much as 43% doesn’t have any legal protection and the status of further 8% of the sites are 

unknown, making the sites, the trigger species, and other species of conservation concern, highly 

vulnerable to human activities in their surroundings (Ricketts et al., 2005). If conservation efforts were 

directed towards the safeguarding of AZE sites, a lot of the trigger species and other threatened species 

would be protected alongside. If the sites are protected and the loss of biodiversity is halted, also the 
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people living near the sites are likely to benefit, as they can keep utilizing the eco system services such 

as benefitting from the avoided carbon emission, freshwater, and cultural services (Larsen et al., 2012). 

 Of all the 11,281 species in ZIMS, 3.6% (409) are EDGE species. The managed EDGE species 

make up 39.4% of all EDGE species in ZIMS and represent ~22% of all managed species in ZIMS 

(Appendix I, Table A7). The managed EDGE species are predominantly found within class Mammalia 

(56%) and Aves (29.8%) (Figure 7). Of all the mammalian species in ZIMS, ~14% are EDGE species 

and of those, 8.6% are managed. An EDGE species is both threatened (Vulnerable, Endangered, 

Critically Endangered) on a global scale and considered an extraordinary phylogenetically unique 

species. Species that have a high EDGE score have very few or no close relatives, thus, the EDGE score 

represents both the amount of evolutionary history and the threat level of a species (Isaac et al., 2012; 

Isaac et al., 2007). Many EDGE species that qualifies as evolutionary distinct and globally endangered, 

are not benefiting from conservation projects or the protection of certain areas (Isaac et al., 2007). To 

prevent a major loss of evolutionary history a species EDGE score could be a way to prioritize in global 

conservation strategies. Isaac et al. (2007) recommend the EDGE score as a robust conservation priority 

approach, as the EDGE score considers a species value (i.e. originality, irreplaceability, urgency of 

action) and are easy to calculate requiring the IUCN Red List assessment and the phylogeny from 100 

species. Thereby the method can withstand missing species, and are less sensitive to taxonomic 

uncertainties and poor phylogenetic resolutions than other conservation priority methods (Isaac et al., 

2007). Both AZE and EDGE species can be of high importance when assessing new prioritizations 

schemes, as they are a good combination of unique and endangered species. The guidelines established 

for IUCN SSC Groups on the use of ex situ management for in situ species conservation, finds intensive 

ex situ management to be valuable in species conservation. Especially when populations are small, 

isolated, and increasingly vulnerable to threats and habitat changes (IUCN/SSC, 2014). AZE species are 

endangered and restricted to one area in the wild, thus, AZE species that already have a population in 

zoos are interesting candidates for a new management plan. We recognize the results as an important 

tool to be considered for the future global conservation collaboration between ex situ and in situ 

conservation.  

 

We believe that the collaboration between ex situ and in situ conservation can benefit from an overview 

on overlapping species between TAGs and the 140 IUCN SSC Groups, Red List Authorities, and Task 
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Forces. The IUCN SSC Groups provide information to the IUCN Red List for species assessment and 

evaluates the necessity of a species to obtain an ex situ component as part of an its conservation strategy 

(IUCN/SSC, 2014). Species holdings in ZIMS were compared with the species covered by the IUCN 

SSC Groups, and we found that if the number of species covered by an IUCN SSC group is low, the 

percentage of species also found in ZIMS is likely to be high and a larger percentage of the ZIMS species 

are probably managed as well. For the large IUCN SSC Groups that cover more than 1,000 species, the 

percentages of species found in ZIMS and those that are managed is very low (Figure 9). Not surprisingly, 

the larger mammalian species are divided into smaller IUCN SSC Groups which covers from one to three 

species, and most of these species are found in ZIMS and are managed in a species program (Appendix 

I, Table 9). Since the the number of species covered by the different IUCN SSC Groups vary a great deal 

it was difficult to analyse which IUCN SSC Groups holds the most managed species in zoos (Figure 9). 

However, both the IUCN SSC Groups and TAGs can from the overview assess how many species that 

are covered by both bodies. Through the collaboration the IUCN SSC Groups can then from the TAGs 

acquire information on which particular species that already have a management plan in place, so it can 

be integrated in the species global conservation strategy.  

 

An assessment of which species that are managed in species programs in multiple regional associations 

can be a valuable tool for the regional associations, when evaluating on species programs. When we 

assessed the 1,098 species programs, we found 23% (132/571) of the threatened and 16.5% (87/527) of 

the non-threatened species programs running in multiple regions. Species programs running in three or 

more regions are ~10% (28/571) of the threatened and ~0.4% non-threatened species programs (2/527). 

Not surprisingly, the two largest regions AZA and EAZA share the largest number of species programs 

for both threatened and non-threatened programs (Appendix I, Table A3, A3a). A study conducted by 

Traylor-Holzer (2011) recorded that 10% of 942 active studbooks were managed in multiple regions 

(Traylor-Holzer, 2011). The variation between our results and Traylor-Holzer’s could be a result of a 

different number of assessed regions; The study of Traylor-Holzer is based on ten regional zoo and 

aquarium associations instead of five in our study. Our assessment of the 1,098 regional species programs 

in the five regions revealed eight classes with managed species. Except for PAAZA, the species programs 

in the regions are predominantly for class Mammalia, representing ~64% of the programs in ALPZA, 

59% in ZAA, 58% in EAZA, and 45% in AZA (Appendix I, Table A3a). Only three regions hold 
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programs for class Insecta (AZA, EAZA, and ZAA), while two regions manage species in class 

Arachnida (AZA and EAZA) (Appendix I, Table A3a). The number of species programs for threatened 

and non-threatened species programs within the five regions is almost equal. Least Concerned species is 

the largest represented category by 34.6% of all programs, while the second largest category is 

Vulnerable by 20%. Vulnerable species are also the largest represented category of those constituting 

threatened species, followed by Endangered with 18.5%, and Critically Endangered with 13.5% 

(Appendix I, Table A3). Only four species are considered as Not Assessed and only make up ~0.4% of 

all species programs (Figure 1).  

The Shannon-Index (H’) (Spellerberg and Fedor, 2003) calculated for the five regions, is 

considered important for the assessment of the biodiversity and species distribution in species programs. 

Included in the calculation is the species richness (i.e. number of species per sample) and the species 

evenness (abundances of the various species in a sample), to obtain a measure of how uncertain a random 

picked species is of a specific species. The uncertainty increases when the species diversity increases, 

and the evenness increases with a more evenly distribution of the sampled species. The Shannon-Index 

increases with increasing richness and is more influenced by species richness than species evenness. 

Thus, the index score will increase as the number of species sampled rises and the abundance of these 

species become more even (DeJong, 1975). The H’-index presents the evenness of the species programs 

to be highest within EAZA of the five regions, thus, the we find a bigger similarity across the species 

programs as they are more abundant. Although ZAA holds four to five times fewer species programs in 

the region, the evenness of the region is close to both EAZA and AZA. AZA holds the largest amount of 

species programs, and even though EAZA has the highest evenness, the H’- index is slightly highest for 

AZA closely followed by EAZA, which means that AZA has a higher diversity of species programs 

(Table 1). Our assessment is based on both species and sub-species, while Traylor-Holzer mostly 

includes taxa on species level (Traylor-Holzer, 2011). Thus, the comparison of the inter-regional 

management in the two studies might vary further. However, the regions use different scientific names, 

so also taxonomic differences made it problematic to analyse how many species programs were running 

in multiple regions. All the regional lists of species programs were standardized at the same time, but we 

still encountered different IUCN threat status for the same species after the standardization of species 

names. We could analyse how many species programs were running in multiple regions after adjusting 

the different threat status for all species programs to follow the current IUCN Red List Threat evaluation. 
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However, taxonomy and regional differences of managed species on species or sub-species level can 

give rise to potential gaps in the inter-regional management, thereby halting the cooperation between 

regional programs. If we had based our analysis on species level programs instead of sub-species, that 

accounts for ~12% of all programs (129/1,098), the inter-regional management would probably increase, 

and a larger number of species would be managed in multiple regional species programs. While we 

registered no programs on sub-species level running in five regions (Appendix I, Table A3b), Traylor-

Holzer detected five species with regional studbooks in six regions (Traylor-Holzer, 2011). In alignment 

with Traylor-Holzer (2011), we assessed the level of management across regional associations to present 

the current management situation of species in ZIMS. For some regional associations it might be of 

interest to see were the inter-regional management is highest, or perhaps missing all together. The 

regional overview can provide the TAGs with an opportunity for prioritizing species with the potential 

for inter-regional management, or to see which species have a single population and therefore stands 

alone with no backup. This would comply with the WAZA conservation definition of securing 

populations of a species on a long-term scale in natural ecosystems and habitats wherever possible 

(Braverman, 2012).  

We provide a general overview on the distribution of species programs by the IUCN Red List and for the 

assessed classes. In general, our results indicate that the number of species programs for threatened and 

non-threatened species programs on species-level is almost equal, with non-threatened species programs 

making up 52.3% of all species programs (Figure 4). When we assessed the IUCN Threat categories we 

found the majority of species programs to lie within the Critically Endangered species (in percentages of 

species in the same category), followed by the Endangered and Vulnerable species. Least Concerned 

species are making up the majority of the species programs, however, since the managed species only 

make up 5.4% of all Least Concerned species, this category is the least managed when species Not 

Assessed are omitted (Figure 3, Appendix I, Table 2). Four species are considered as Not Assessed and 

make up only ~0.5% of the 734 unique species programs (Figure 1). Included in the NA species are the 

two species programs that was evaluated as EX by the IUCN Red List. When assessing the distribution 

within classes, we see that class Mammalia make up 45.7% of the species programs, followed by class 

Aves and Reptilia (Figure 4). Of the 14 assessed classes with species in ZIMS, only eight holds managed 

species. Not surprisingly, the least represented classes with species programs are class Insecta and 
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Arachnida by 0.4% each, while a lot of the other invertebrate classes and some vertebrate classes doesn’t 

hold any managed species (Appendix I, Table A4). The comparison of classes is somewhat difficult, as 

most of the assessed classes have very few species evaluated by the IUCN. The three classes with most 

species programs are also the most researched and described classes; all known mammalian species have 

been assessed by the IUCN Red List (IUCN, 2017). When we compare our results with a study performed 

by Oberwemmer et al. (2011), we observe similar results of our species program distribution in classes, 

and their analysis on species with studbooks. Oberwemmer et al. (2011) used data from the ISIS/WAZA 

studbook library for July 2010, including 1,027 active studbooks, with 989 for vertebrates (Oberwemmer, 

2011). Across all taxa, they found a lesser representation of threatened species with a studbook than in 

our study, which is expected since the study was done seven years ago. It is important to highlight that 

our study includes other species programs than those included by Oberwemmer et al. (2011), such as 

regional studbooks and regional species programs, accounting for 734 distinct programs within just five 

regions. However, we still observe the same tendency; most programs are for vertebrates, most managed 

species are in class Mammalia and Aves, and threatened and non-threatened species are equally managed.  

This result is very interesting for zoo conservation, since ~90% of all species in ZIMS are non-

threatened. This high number of non-threatened species is supported by a study conducted by Conde et 

al. (2013), whom identifies the majority of species in zoos to be non-threatened by extinction on a global 

scale. Martin et al. (2014) supports this further by stating that species in zoos are less threatened than 

their closest relatives not found in zoos (i.e. true sister-species, clades, etc.), if evaluated merely on the 

IUCN Red List (Martin et al., 2014). Zoos and aquariums would not follow the outlined conservation 

strategy from WAZA (2015), if conservation contribution is only measured on species IUCN threat 

assessment. However, as managed species are equally distributed on threatened and non-threatened 

species, it supports the necessity of including other measures into the evaluation of zoos contribution to 

species conservation. The current effort on species conservation through species programs is going well 

for species in class Mammalia and class Aves, as these larger species tend to fascinate visitors usually 

more than invertebrates. However, if only charismatic vertebrates are managed, the conservation of 

global biodiversity will be on a minimum, since Mammals and other vertebrates are poor representatives 

of the total global diversity with mammals accounting for about 0.25% of the known species (Rahbek, 

1993). Many species already exhibited in zoos could benefit from intensive management through a 

species program. For species not found in any zoological institution, the number of species that can 
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benefit from a management program and a backup population is even higher regardless of how threatened 

the species is. Zoos need to balance their survival as institutions with their role in species conservation, 

which is often done by exhibiting animals that attract visitors. Except for the conflicting priorities that 

zoos face to survive, the species programs in zoos are further limited by 1) the number of volunteering 

zoo-professionals with expertise to manage the species programs, 2) economy of implementing insurance 

population, and 3) limited space, which only allows ex situ conservation for a small amount of the global 

biodiversity (Conde et al., 2015; Martin et al., 2014).  

Threatened species make up almost half of all species programs, but as threatened species are 

considered in high risk of extinction, perhaps the effort should be increased to protect more of the 

threatened species. If all the ~1,100 programs managed by volunteers were reset and new programs were 

developed for only threatened species regardless of class, then almost all threatened species in ZIMS 

(1,098/1,223 species) would be managed. However, this would leave out the majority of the current 

active species programs. The 288 Least Concern species would not be considered until there were enough 

volunteers to manage all the species considered more threatened (CR, EN, VU, NT), or when a Least 

Concerned species would change its threat status. However, a lot more amphibian and reptilian species 

would benefit from ex situ conservation if only threatened species were managed in species programs. 

Redford et al. (2012) state that especially amphibian and turtle species on the brink of extinction highly 

benefits from zoo conservation (Redford et al., 2012). Nonetheless, amphibian species are only 

represented by 11 distinct species programs out of the 464 species in ZIMS (Appendix I Table A4), 

despite being the most threatened vertebrate class with 41% of all known species evaluated as threatened 

(Hoffmann et al., 2010). This is suggested by Martin et al. (2011) to be result of a bias towards large-

bodied vertebrate species. However, the favouritism of large-bodied species is not only occurring for 

vertebrates, but also for smaller taxon’s such as invertebrates (Martin et al., 2014). If only threatened 

species were to be managed, then a lot of the popular mammalian species would not be managed.  

Charismatic species have been identified with economic upkeep, although they often are species of lesser 

conservation priority (Martin et al., 2014). Zoos would potentially loose income if a big segment of the 

species that attracts visitors was substituted with species of higher conservation priority, but of less 

interest to the visitors. The survival of zoos would then be at risk, hence, the important funding from 

zoos into in situ conservation projects would decrease (Gusset and Dick, 2011).  
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Keeping species in zoos is the first step for conserving biodiversity. However, if a population is not viable 

because of too few individuals, the continuous existence of a species in zoo is threatened, hence, the 

population can’t serve as a backup population. The costs of keeping large species under human care is 

higher than for small species. Conde et al. (2015) found the costs of managing vertebrate species (per 

year) to be highest for mammals, followed by birds, reptiles, and lowest for amphibians (Conde et al., 

2015). When considering that the proposed number of individuals to uphold a viable, genetically 

sustainable population with no loss of genetic diversity is ideally between 500 and 5,000 individuals 

(Frankham et al., 2002), the costs of holding a lot of lesser threatened mammalian species is higher than 

if more threatened amphibian species were exhibited. For the majority of species in ZIMS it would 

additionally be complicated and unrealistic to keep such high population numbers. We assessed the 

classes Mammalia, Aves, Reptilia, and Amphibia to analyse of how many species in ZIMS have a 

sustainable population. A species population number is the total number of individuals in ZIMS 

regardless of region. We found only 60 species programs with the ideal population size of more than 500 

individuals. Species with such large population sizes were only found in the three classes Mammalia, 

Aves, and Reptilia, thus no amphibian species in ZIMS have such big populations (Figure 6). Most of 

the programs are located within class Mammalia (40 programs). For all the assessed classes (Mammalia, 

Aves, Reptilia, and Amphibia) the majority of species in ZIMS have population sizes of 0-20 individuals. 

Since the number of species with population sizes of 20-50 individuals holds the second largest number 

of species in class Mammalia, Aves, and Amphibia, a lot of species are not considered viable even on a 

short-term as the threshold for viable populations are 50 individuals (Baker et al. 2011; Leus et al. 2011). 

Managed species only make up between 0.5% and 6% of all species with a population size of 0-20 

individuals in the four assessed classes, while managed species make up from 9% amphibian species and 

up to as much as 27.5% of the reptilian species with population sizes of 20-50 individuals (Appendix I, 

Table A6). It is quite a big amount of the managed species located in this range, when taking into account 

that this population size is not considered viable. When assessing only the population sizes for species 

in ZIMS that holds the minimum number of individuals for a viable population (n=50) (Baker et al. 

2011), we located most species in the range of 50-100 individuals located in class Aves, followed by 

class Reptilia and Mammalia. Class Aves and Mammalia have the same number of managed species, but 

the highest percentages of managed species are for class Mammalia with 43.7%, while class Aves holds 

21.5% managed species. Managed species are represented by 8% for class Reptilia in this range, while 
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not a single managed species in class Amphibia is found here (Appendix I, Table A6). The population 

sizes are for many species already below the proposed sustainable number of individuals (n=50). Thus, 

if the population numbers were assessed for each regional association instead, a lot more species would 

have unsustainable population sizes. Since specimens are rarely retrieved from the wild the small 

population sizes found in zoos can lead to a down-prioritization of a threatened species by the TAGs, if 

they consider the resources better used elsewhere. Our results support a study done by Lees & Wilcken 

(2011), which suggest that a larger number of taxa would achieve the necessary population size for 

sustainability if regional species programs were combined into global programs (Lees and Wilcken, 

2011). If true sustainability is to be achieved, it is not enough to manage populations within regions. In 

many cases, not even management within the global zoo community is enough. To achieve genetically 

and demographic healthy population, there is a need for management through a global conservation 

community (Lacy, 2013). Translocation of animals between members of the same regional association 

is in many cases already limited, due to disease outbreaks, transportation costs, veterinarian restrictions, 

legislations, transport demands etc. The shift from regional to global management of a species within 

zoos is likely to be further problematic with the transport of animals on a global level and overseas, which 

will be even more extensive and complicated with the increasing number of legislations (Bowkett, 2014). 

Thus, the development of management plans on a fully global scale, including both wildlife and 

populations under human care is going to be a prolonged process.  

A large segment of at-risk species not yet assessed by the IUCN would perhaps more often 

become part of a management plan, if the regional associations and TAGs included additional 

prioritization schemes to the decision process. This would include the bird and amphibian species and 

that are already considered highly vulnerable to climate change, but also many of the unevaluated species 

such as mammals, reptiles, and invertebrate species. Furthermore, the amphibian AZE and EDGE species 

already held in zoos could among others benefit from an extended assessment in TAGs and collaboration 

with the IUCN SSC Groups. Zoos have experience on applying management strategies to small 

populations in risk of extinction trough species programs (Funk et al., 2017), and our results on the four 

prioritization schemes indicate that there is a potential for TAGs to make an even bigger difference for 

species on the brink of extinction, if they consider these additional criteria in the evaluation of which 

species can benefit from a species program. If new species programs in zoos were oriented towards global 

conservation the aim of the One Plan Approach would be met. The One Plan Approach considers all 
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species populations; from the highly managed populations in zoos to non-managed wild populations with 

different levels of human intervention. The strategy aims to establish new partnerships and increase the 

level of trust and understanding among conservationists across all conditions of species management. 

This approach will separate new global species programs from the currently global species management 

plans (GSMPs), as the focus of GSMPs is only on inter-regional collaboration on zoo populations, thus, 

wild populations are not considered in the management (Byers et al. 2013). A set of common global 

conservation criteria could help bridge this gap and help convince species conservationists that managed 

zoo populations can aid wild populations regardless of the degree of management they are under.  

Conclusion 

Given that extinction rates are currently at least 100 times higher than background rates, the role of 

managed populations will become critical for a larger number of species. Our assessment of 

management programs and its alignment with other species prioritization schemes can further support 

the TAGs decision making process for new programs and enhance the inter-regional management of 

existing zoo populations as well as increase species population viability. Further collaboration between 

regional associations and the IUCN SSC Specialist Groups will meet the strategies for global 

conservation of biodiversity.  
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Appendix I  
Table A1. Total number of managed in the assessed classes found in ZIMS, by IUCN Red List Threat categories. ‘All species programs’ 

include duplicated programs running in several regions. ‘Unique programs’ exclude duplicated breeding programs, i.e. same species that 

are managed in different regions, but includes programs for sub-species. ‘Sub-/species threat status’ exclude subspecies but keeps the 

different assigned threat status for subspecies. ‘Species level programs’ includes only programs on species level, excluding sub-species 

and the difference in threat status.  

IUCN 

status 

All species programs 

incl. subspecies 

(a) 

Unique programs 

(b) 

Species level program w/ 

sub-species threat status (c) 

Species level programs 

(d) 

NA 4 4 4 4 

DD 14 14 14 13 

LC 381 319 301 288 

NT 119 85 79 73 

VU 218 156 143 140 

EN 203 145 130 121 

CR 150 107 94 89 

EW 9 7 7 6 

Total 1,098 837 772 734 

 
Table A2. Total number of managed and not managed species out of all species in the assessed classes found in ZIMS, distributed in 

IUCN Red List Threat categories. Managed species are counted on species-level. 
IUCN status Managed, 

species level 

 

Non-managed No. of species 

in ZIMS 

 

Per cent species managed 

of all species in ZIMS 

Per cent species managed of 

all managed species 

NA 4 4,032 4,036 0.10 0.55 

DD 13 174 187 6.95 1.77 

LC 288 5,031 5,319 5.41 39.23 

NT 73 414 487 14.99 9.95 

VU 140 465 605 23.14 19.07 

EN 121 244 365 33.15 16.49 

CR 89 164 253 35.18 12.13 

EW 6 23 29 20.69 0.82 

Total 734 10,547 11,281 6.51  

 
Table A3. Total number of managed species in the five regions by IUCN Red List Threat categories including programs for sub-species. 

 

Region/ IUCN 

status 

 

 

NA 

 

DD 

 

LC 

 

NT 

 

VU 

 

EN 

 

CR 

 

EW 

 

Threatened 

species 

 

Non-threatened 

species 

 

Total 

 

ALPZA 0 0 0 3 5 2 1 0 8 3 11 

AZA 2 7 219 59 85 84 73 5 242 292 534 

EAZA 2 9 118 43 106 89 53 2 248 174 422 

PAAZA 0 0 1 0 7 6 5 0 18 1 19 

ZAA 0 0 43 12 18 22 16 2 56 56 112 

Total 4 16 381 117 220 203 148 9 571 527 1,098 
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Table A3a. Regional distribution of threatened and non-threatened species programs by classes, including programs for sub-species. 
 

Class/ 

Region 

 

 

Mammalia 

 

 

Aves 

 

 

Reptilia 

 

 

Amphibia 

 

 

Actinopterygii 

 

 

Elasmobranchii 

 

 

Insecta 

 

 

Arachnida 

 

 

Total 

ALPZA 7 4 0 0 0 0 0 0 11 

AZA 241 190 75 7 9 10 1 1 534 

EAZA 246 122 35 3 2 9 2 2 422 

PAAZA 7 9 2 1 0 0 0 0 19 

ZAA 66 31 12 1 0 1 1 0 112 

Total 567 357 124 12 11 20 4 3 1,098 

 
Table A3b. Inter-regional management of threatened and non-threatened species programs within the five regions, including programs for 

sub-species.  

Region(s) Non-threatened Threatened 

ALPZA 0 2 

AZA 206 120 

EAZA 96 125 

PAAZA 1 6 

ZAA 39 23 

Programs running in one region  342 276 

   

AZA∩EAZA 67 86 

AZA∩ZAA 9 5 

AZA∩PAAZA 0 3 

EAZA∩PAAZA 0 1 

EAZA∩ZAA 2 7 

ALPZA∩EAZA 0 2 

Programs running in two regions 78  104  

   

AZA∩EAZA∩PAAZA 0 5 

AZA∩EAZA∩ZAA 6 16 

AZA∩PAAZA∩ZAA 0 1 

AZA∩ALPZA∩ZAA 0 1 

AZA∩ALPZA∩EAZA 2 3 

AZA∩EAZA∩PAAZA∩ZAA 0 2 

ALPZA∩AZA∩EAZA∩ZAA 1 0 

Programs running in more than two regions 9 28 
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Table A4. Distribution of threatened and non-threatened species programs by classes, on species level for ‘Species level programs’ (see 

table A1), total number of species in ZIMS and the total number of threatened ZIMS species 
Class/IUCN status NA DD LC NT VU EN CR EW Total ZIMS  

Total 

ZIMS 

Threatened 

Mammalia 0 6 135 36 65 64 27 2 336 1,046 296 

Aves 1 0 134 29 48 36 15 3 266 2,388 250 

Reptilia 3 1 16 4 20 19 28 0 91 1,292 237 

Amphibia 0 0 1 0 0 1 8 1 11 464 112 

Sarcopterygii 0 0 0 0 0 0 0 0 0 5 0 

Actinopterygii 0 3 1 0 4 0 3 0 11 2,992 233 

Elasmobranchii 0 2 1 3 2 1 4 0 13 127 28 

Holocephali 0 0 0 0 0 0 0 0 0 1 0 

Anthozoa 0 0 0 0 0 0 0 0 0 281 0 

Myxini 0 0 0 0 0 0 0 0 0 3 35 

Insecta 0 0 0 0 1 0 2 0 3 1,577 13 

Arachnida 0 0 0 1 0 0 2 0 3 566 7 

Cephalopoda 0 1 0 0 0 0 0 0 0 48 12 

Gastropoda 0 0 0 0 0 0 0 0 0 491 0 

Total 4 13 288 73 140 121 89 6 734 11,281 1,223 

 
Table A5. Distribution of species programs in the three biggest orders for class Mammalia, Aves and Elasmobranchii, and all order for the 

additional classes (species level). Total number for all species programs is given for classes with more than two orders. 

Order/IUCN status NA DD LC NT VU EN CR EW Total 

Mammalia                 

Primates 0 2 31 6 20 26 12 0 97 

Artiodactyla 0 2 31 8 16 17 4 2 80 

Carnivora 0 1 32 11 16 11 6 0 77 

Total 0 7 135 36 65 64 27 2 336 

Aves                   

Passeriformes 0 0 36 1 2 0 3 0 42 

Psittaciformes 0 0 5 1 9 10 4 0 29 

Accipitriformes 0 0 4 3 4 4 3 0 18 

Anseriformes 0 0 6 1 5 5 1 0 18 

Total 1 0 134 29 48 36 15 3 266 

Reptilia                   

Squamata 3 1 15 3 8 9 4 0 43 

Testudines 0 0 0 1 10 10 18 0 39 

Crocodylia 0 0 0 0 2 0 6 0 8 

Rhynchocephalia 0 0 1 0 0 0 0 0 1 

Total 3 1 16 4 20 19 28 0 91 

Amphibia                 

Anura 0 0 1 0 0 1 8 1 11 
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Actinopterygii                 

Syngnathiformes 0 3 0 0 1 0 3 0 7 

Perciformes 0 0 1 0 3 0 0 0 4 

Total 0 3 1 0 4 0 3 0 11 

Elasmobranchii                 

Myliobatiformes 0 3 1 2 0 1 0 0 7 

Pristiformes 0 0 0 0 0 0 3 0 3 

Carcharhiniformes 0 0 0 0 1 0 0 0 1 

Total 0 4 1 2 2 1 4 0 14 

Insecta                   

Coleoptera 0 0 0 0 1 0 1 0 2 

Phasmida 0 0 0 0 0 0 1 0 1 

Arachnida                 

Araneae 0 0 0 1 0 0 2 0 3 

 

 

Table A6. Distribution of ZIMS species in the four classes Mammalia, Aves, Reptilia, and Amhibia by population numbers (number of 

individuals in eight ranges 0-20 individuals, 20-50, 50-100, 100-200, 200-500, 500-1,000, 1,00-2,000, >2,000). Total number for 

managed/non-managed species are presented on species-level.  

Range Mammalia Aves Reptilia Amphibia 

 

No. of 

individuals 

Managed Non-managed Managed Non-managed Managed Non-managed Managed Non-managed 

0-20 25 391 15 1,263 4 762 3 238 

20-50 45 126 33 358 25 106 1 76 

50-100 52 67 52 190 17 195 0 43 

100-200 61 45 72 148 18 66 0 33 

200-500 86 41 62 93 24 46 5 33 

500-1000 40 19 19 41 1 18 0 18 

1000-2000 18 10 8 19 2 7 1 6 

>2000 9 11 5 12 0 1 1 6 

Total 336 710 266 2,124 91 1,201 11 453 
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Table A7. Managed/non-managed ZIMS species in the four prioritization schemes: AZE, CITES, EDGE, VCC.  

Total number of species is presented on species-level. The number of animals for CITES differ, due to different threat status. 

Class AZE CITES EDGE               VCC 

  Managed Non-managed Managed Non-managed Managed Non-managed Managed Non-managed 

Mammalia 1 5 109 118 90 56 0 0 

Aves 6 8 73 414 48 62 61 491 

Reptilia 9 4 48 267 22 83 1 13 

Amphibia 0 21 2 42 1 36 1 98 

Actinopterygii 0 0 0 0 0 0 0 0 

Elasmobranchii 0 0 5 6 0 0 0 0 

Anthozoa 0 0 0 153 0 11 0 18 

Insecta 0 0 0 0 0 0 0 0 

Arachnida 0 0 0 0 0 0 0 0 

Cephalopoda 0 0 0 0 0 0 0 0 

Total 16 38 237 1,000 161 248 63 620 

 
 

Table A8. Number of managed species holdings in ZIMS, the total number of species holdings in ZIMS, species evaluated by the IUCN 

Red List, and the percentages of managed species of all species evaluated by IUCN divided in the assessed classes, and the IUCN Red 

List Threat categories. Species evaluated as Extinct (EX) by the IUCN is not included. Species in ZIMS with an assigned NA status are 

included; these are not yet evaluated by the IUCN and therefore is not included in the total number for IUCN.  

 

Class No. managed 

species 

No. species 

in IUCN 

% species 

managed 

 
IUCN 

status 

No. managed 

species 

No. species 

in ZIMS 

No. species 

in IUCN 

% species 

managed 

Mammalia 336 5,484 6.13 
 

NA 4 4,036 0 0 

Aves 266 10,965 2.43 
 

DD 13 187 10,343 0.13 

Reptilia 91 5,232 1.74 
 

LC 288 5,319 32,354 0.89 

Amphibia 11 6,501 0.17 
 

NT 73 487 3,457 2.11 

Sarcopterygii 0 5 0 
 

VU 140 605 5,355 2.61 

Actinopterygii 11 14,803 0.07 
 

EN 121 365 3,802 3.18 

Elasmobranchii 13 1,041 1.25 
 

CR 89 253 2,464 3.61 

Holocephali 0 46 0 
 

EW 6 29 32 18.75 

Anthozoa 0 866 0 
 

Total 734 11,281 57,807 1.27 

Myxini 0 76 0 

Insecta 3 6,448 0.05 

Arachnida 3 202 1.49 

Cephalopoda 0 494 0 

Gastropoda 0 5,644 0 

Total 734 57,807 1.27 
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Table A9. Comparison of species supervised in IUCN SSC Specialist Groups with species in ZIMS in the same groups. Only IUCN SSC 

Groups with species distinguishable by family or genus are included. Plants are not included. The bracket show the number of species 

found in ZIMS and the percentages of ZIMS species found of the species in IUCN, and the number of managed ZIMS species and the 

percentages of managed species out of all IUCN species. Species level. 

IUCN SSC Specialist Groups No. of species / Per cent of species in IUCN 

Species No. species in IUCN No. species in ZIMS No. species Managed 

IUCN SSC African Elephant Specialist Group 1 1/100 1/100 

IUCN SSC African Rhino Specialist Group  2 2/100 2/100 

IUCN SSC Asian Elephant Specialist Group  1 1/100 1/100 

IUCN SSC Asian Rhino Specialist Group  3 1/33.3 1/100 

IUCN SSC Polar Bear Specialist Group  1 1/100 1/100 

IUCN SSC Bison Specialist Group (European Section)  1 1/100 1/100 

IUCN SSC Bison Specialist Group (N American Section)  1 1/100 1/100 

Groups  
   

MAMMALIA 
  

IUCN SSC Afrotheria Specialist Group 80 13/16.3 5/6.3 

IUCN SSC Anteater, Sloth & Armadillo Specialist Group  30 7/23.3 7/23.3 

IUCN SSC Antelope Specialist Group  108 94/87 44/40.1 

IUCN SSC Asian Wild Cattle Specialist Group  9 4/44.4 2/22 

IUCN SSC Bat Specialist Group  1,157 50/4.3 9/0.8 

IUCN SSC Bear Specialist Group  8 8/100 5/62.5 

IUCN SSC Canid Specialist Group  37 28/75.7 10/27.1 

IUCN SSC Caprinae Specialist Group  34 25/73.5 10/29.4 

IUCN SSC Cat Specialist Group  38 32/84.2 22/57.9 

IUCN SSC Cetacean Specialist Group  88 8/9.1 2/2.3 

IUCN SSC Deer Specialist Group  55 33/60 14/25.5 

IUCN SSC Equid Specialist Group  7 7/100 5/71.4 

IUCN SSC Giraffe and Okapi Specialist Group  2 2/100 2/100 

IUCN SSC Hippo Specialist Group  4 2/50 2/50 

IUCN SSC Hyaena Specialist Group  4 4/100 2/50 

IUCN SSC Lagomorph Specialist Group  92 13/14.1 0 

IUCN SSC Otter Specialist Group  13 10/76.9 4/30.8 

IUCN SSC Pangolin Specialist Group  8 4/50 0 

IUCN SSC Peccary Specialist Group  3 3/100 2/66.6 

IUCN SSC Pinniped Specialist Group  16 10/62.5 8/50 

IUCN SSC Primate Specialist Group  437 215/49.2 96/21.9 

IUCN SSC Sirenia Specialist Group  5 1/20 1/20 

IUCN SSC Small Carnivore Specialist Group  172 96/55.8 25/14.5 

IUCN SSC Small Mammal Specialist Group  2,274 238/10.5 10/0.4 

IUCN SSC South American Camelid Specialist Group  2 6/300 1/50 

IUCN SSC Tapir Specialist Group  4 4/100 1/25 

IUCN SSC Wild Pig Specialist Group  18 15/83.3 5/27.8 
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IUCN SSC Large Carnivore Initiative for Europe 

Specialist Group  

6 6/100 4/66.7 

AVES 
   

IUCN SSC Bustard Specialist Group  26 9/34.6 2/7.7 

IUCN SSC WI Crane Specialist Group  15 15/100 12/80 

WI-IUCN SSC Cormorant Specialist Group  35 14/40 1/2.9 

WI-IUCN SSC Diver/Loon Specialist Group  5 2/40 0 

WI-IUCN SSC Duck Specialist Group  155 131/84.5 13/8.4 

IUCN SSC Flamingo Specialist Group  6 6/100 2/33.3 

IUCN SSC Galliformes Specialist Group  308 146/47.4 16/5.2 

WI-IUCN SSC Goose Specialist Group  17 14/82.4 3/17.6 

WI-IUCN SSC Heron Specialist Group  69 39/56.5 2/2.9 

IUCN SSC Hornbill Specialist Group 62 38/61.3 9/14.5 

WI-IUCN SSC Pelican Specialist Group  8 8/100 3/37.5 

IUCN SSC Penguin Specialist Group 18 13/72.2 11/61.1 

WI-IUCN SSC Stork, Ibis and Spoonbill Specialist 

Group  

56 46/82.1 21/37.5 

WI-IUCN SSC Swan Specialist Group  6 6/100 1/16.7 

IUCN SSC Vulture Specialist Group  258 122/47.3 14/5.4 

WI-IUCN SSC Woodcock and Snipe Specialist Group  96 26/27.1 0 

REPTILIA 
   

IUCN SSC Anoline Lizard Specialist Group 3 0 0 

IUCN SSC Boa & Python Specialist Group  40 71/177.5 3/7.5 

IUCN SSC Chameleon Specialist Group 193 24/12.4 0 

IUCN SSC Crocodile Specialist Group  23 23/100 8/34.8 

IUCN SSC Iguana Specialist Group  35 23/65.7 9/25.7 

IUCN SSC Marine Turtle Specialist Group  7 5/71.4 0 

IUCN SSC Monitor Lizard Specialist Group 29 49/168.9 4/13.8 

IUCN SSC Sea Snake Specialist Group  38 0 0 

IUCN SSC Tortoise and Freshwater Turtle Specialist 

Group  

233 245/105.2 38/16.3 

IUCN SSC Viper Specialist Group  192 148/77.1 7/3.6 

IUCN SSC Snake and Lizard Red List Authority 4,590 704/15.3 27/0.6 

AMPHIBIA 
   

IUCN SSC Amphibian Specialist Group  6,534 464/7.1 10/0.2 

FISH 
   

IUCN SSC Grouper, Wrasse Specialist Group  1,006 264/26.2 0 

IUCN SSC Salmonid Specialist Group  133 22/16.5 0 

IUCN SSC Seahorse, Pipefish & Stickleback Specialist 

Group 

112 41/36.6 4/3.6 

IUCN SSC Shark Specialist Group  1,041 136/13.1 13/1.2 

IUCN SSC Snapper, Seabream & Grunt Specialist Group  257 114/44.4 0 

IUCN SSC Tuna & Billfishes Specialist Group  31 2/6.5 0 
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IUCN SSC WI Freshwater Fish Specialist Group  0 0 0 

IUCN SSC Marine Fishes Red List Authority 0 0 0 

IUCN SSC Sturgeon Specialist Group  27 18/66.7 0 

IUCN SSC Anguillid Eel Specialist Group 13 7/53.8 0 

IUCN SSC Sciaenid Red List Authority 166 22/13.6 0 

INSECTA 
   

IUCN SSC Bumblebee Specialist Group 90 2/2.2 0 

IUCN SSC Dragonfly Specialist Group  2,971 3/0.1 0 

IUCN SSC Grasshopper Specialist Group  1,058 178/16.8 0 

IUCN SSC Ladybird 0 4/0 0 

OTHER INVERTEBRATES 
  

IUCN SSC Coral Specialist Group  866 289/33.4 0 

IUCN SSC Mollusc Specialist Group  7,276 539/7.4 0 

IUCN SSC Spider and Scorpion Specialist Group 212 565/266.5 3/1.4 

IUCN SSC Horseshoe Crab Specialist Group 4 0 0 

 

199



 

  
Using demography to unveil the 

laundering of species as “captive bred” in 

the international trade 

Cecilie Hee Frederiksen 

University of Southern Denmark  

A thesis submitted for the degree of MSc in biology 

June 2018 

 

Supervisor: Dalia Amor Conde 

Co-supervisor: Johanna Stärk 

200



1 

 

Resume 

Handel med dyr og planter er et alvorligt problem for bevaringsarbejde, hvis ikke det er gjort bæredygtigt. 

Selvom meget handel med dyr og planter er kontrolleret i gennem en international konvention for 

international handel med truede dyr og planter kaldet CITES, findes der huller i loven der udnyttes af 

kriminelle organisationer. CITES identificerede seks arter af store asiatiske kattedyr forbundet med 

bekymring om handel og specielt handelen af individer produceret i fangenskab. Dette værende den 

asiatiske løve, træleopard, sneleopard, leopard og tiger samt dens underart Amur tiger. På grund af 

krybskytteri og degradering af deres naturlige habitater er the store asiatiske katte udryddelsestruede. Vi 

evaluerede CITES’ årlige rapporter om handel og estimerede antal fertile hunner der skulle til for at 

producere den handel der var rapporteret. Ved dette, kan vi bedømme om mængden produceret i 

fangenskab der eksporteres hvert år i teorien kunne produceres, eller om individer fra naturen er 

hvidvasket som produceret i fangenskab. Vores studie tyder på at mængden af store asiatiske katte der er 

eksporteret hvert år er så lille, at det sagtens kan produceres af individer i fangenskab og zoologiske 

haver. Antallet af tigre i fangenskab overstiger langt vores estimat af hvor mange fertile hunner der skal 

bruges, og antallet i fangenskab er kun blevet større med årene. Der er bekymringer om individer 

produceret i fangenskab er indført på det sorte marked og tilføjes den illegale handel. Vi fandt ikke en 

stigning i handelen af individer produceret i fangenskab gennem årene, hvilket støtter hypotesen. Vores 

analyse viser endvidere at zoologiske haver spiller in stor rolle i handelen med de store asiatiske kattedyr. 

For fem ud af seks arter er det det mest brugte formål. Thailandske zoologiske haver importerede 

størstedelen af både tigre og Amur tigre, men der er bekymringer om at nogle thailandske institutioner 

udnytter de handelsmuligheder der er ved at være registreret som en zoo. Vi foreslår mere 

gennemskuelighed i kilde detaljer, hvilket vil gøre det nemmere at detektere irregulariteter. Udover vil 

tilføjelse af kilde detaljer, såsom om individerne kommer fra zoologiske haver, cirkusser, avlssteder og 

andet, gøre det nemmere at følge of analysere handelen af dyr og planter.  
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Abstract 

Unsustainable wildlife trade is a major conservation issue, and even though trade is regulated for example 

through the Convention on International Trade on Endangered Species of fauna and flora (CITES), there 

are ‘legal loopholes’. CITES identified six species of concern: the Asiatic lion, the clouded leopard, the 

snow leopard, the leopard, and the tiger and its subspecies Amur tiger. Due to poaching and habitat loss 

the Asian big cats are threatened with extinction. Furthermore, concerns are raised regarding the scale of 

trade in Asian big cats. We reviewed CITES annual reports as well as estimated numbers of fertile 

females needed to support the occurring trade. In doing so we aim to identify whether numbers of traded 

individuals as produced in captivity can be theoretically produced or whether species are potentially 

being laundered. Our findings suggest trade volumes of Asian big cats produced in captivity are so low 

that it easily can be supported given numbers of Asian big cats in captive facilities and zoos. Numbers 

of tigers in captive facilities far exceeds the estimate of needed females, and they have risen through the 

year. Recently concerns whether captive produced specimens enter the illegal trade were raised. Our 

analysis did not find an increase in trade of captive produced tigers, thus supporting this concern. We 

found zoos to play a major role in the trade of Asian big cat species. For five out of six species it was the 

most common purpose traded for. Thai zoos was the main importers of live tigers, but concerns are raised 

regarding facilities in Thailand exploiting the possibilities in trading wildlife the registration as a zoo 

gives. We suggest more transparency in source details, to be able to easier detect irregularities. The 

addition of source details like further info on captive sources whether it is from zoos, breeding facilities, 

circus, and so on, would also help being able to track trade of specimens.  
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Introduction 

Humans now live in the Holocene epoch, but some argue the term Anthropocene is more appropriate. 

That is because humans have changed the ecosystems more extensively and faster since the beginning of 

the industrial revolution than in any other period (Waters et al. 2016). Human activities have triggered a 

sixth mass extinction with extinctions rates comparable to the five previous mass extinctions (Dirzo et 

al. 2014). Extinction rates are increased up to 1000-fold as compared to the background extinction rates 

for some groups of organisms (Pimm et al. 2014). Not only is the global extinction of species important, 

but Ceballos et al. (2017) argues that local extinctions of populations are overlooked and may lead to an 

underestimation of the threat to Earth’s biota. Both the species and population extinction will result in 

loss of biodiversity, which may have severe consequences for humans. A well-functioning ecosystem 

provides us with crucial ecosystem services. The Millennium Ecosystem Assessment (2005) categorizes 

these ecosystem services into four categories: supporting, provisioning, regulating, and cultural, linkin 

them to the well-being of humans. Supporting ecosystem services include oxygen and clean water, 

provisioning services include e.g. food and raw materials, regulating services include flood control, and 

cultural services may include recreational benefits. 

Wildlife trade 

Unsustainable wildlife trade that is the sale or exchange of wild plants or animals, is one of the major 

drivers of ecosystem change and a major conservation issue. Millions of live animals and plants are 

traded each year to supply the demand (Nijman 2009). In Asia, the trade in endangered animals and 

plants was identified as one of the biggest policy challenges (Mcneely et al. 2009). Wildlife trade includes 

a large variety of products that fall into all four categories of ecosystem services by the Millennium 

Ecosystem Assessment. Some are necessities as meat or an income for some of the poorest communities 

in the world (TRAFFIC 2008a), others are luxury products like skins or exotic pets, and some are 

medicinal like plants or ingredients thought to have an effect in Traditional Chinese Medicine (TCM). 

TRAFFIC, a monitoring network working to promote sustainable wildlife trade and combat wildlife 

crime and trafficking, estimated the legal wildlife trade to be worth over 323 billion US dollars in 2009. 

Not all trade is legal, and the illegal wildlife trade, excluding fisheries and timber, was estimated to be 
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worth 7.8-10 billion US dollars per year. Only the trafficking of drugs and arms is estimated to be more 

profitabl (TRAFFIC 2008b). Large criminal networks with international connections often run the 

wildlife trafficking, whereas the poachers, harvesting the wildlife, are often poor locals. Often, they are 

the ones caught, making it a business with low risk but high reward for the ones benefitting higher up in 

the hierarchy (World Wildlife Fund 2018). Illegal wildlife trade and overexploitation can have severe 

impacts on species population and conservation. In some cases, it has led to the extinction or near 

extinction of some species (Courchamp et al. 2006; O'Brien et al. 2003). There are not only consequences 

for the species, but also the species’ habitat is affected. It is not only in terms of loss in diversity, but also 

in terms of the damages caused to obtain the wanted species. Regardless if it is using cyanide to kill fish, 

logging in protected areas or using indiscriminate snares. Introduction of invasive species that 

outcompete the native ones is also a huge problem (TRAFFIC 2008b; World Wildlife Fund 2018). In 

certain places called ‘wildlife trade hotspots’, the wildlife trade is particularly threatening. They include 

trade hubs in Southeast Asia, East and Southern Africa, Chinas borders, the eastern borders of the 

European Union, parts of Mexico, Caribbean, Indonesia, and New Guinea, and the Solomon Islands 

(TRAFFIC 2008b). 

CITES 

As a response to the non-regulated wildlife trade the Convention on International Trade in Endangered 

Species of Wild Fauna and Flora (CITES), also known as the Washington Convention, was formed as an 

agreement between governments in 1973, though entered in to force 1 January 1975. Eighteen countries 

formed the parties of CITES in 1975, but to this date 183 countries joined in to force (CITES 2018a). 

Parties of CITES oblige to obey the rules of the convention, and must designate a management authority. 

These national CITES authorities must send anual annual report of exports, imports, and re-exports to 

the CITES Secretariat every year. The United Nations Environment Programme (UNEP) administers the 

Secretariat, which is located in Geneva, Switzerland. The Secretariat plays a crucial role and is 

fundamental for the Convention. Among its functions is making recommendations towards and the 

monitoring of the implementation of the Convention, storing reports and information sent in by the 

Parties, distributing relevant information, and arranging the meetings of the Conference of Parties. The 

Conference of Parties (CoP) is the decision-making body, and meets every two to three years. At the 

meetings, the Parties will discuss reports, amendments of the list of species in Appendix I and II, review 
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progress in conservation, and improvements of effectiveness of the Convention. Besides the Secretariat 

and the Conference of Parties, CITES consists of a Standing Committee, an Animals Committee, and a 

Plants Committee. The Standing Committee assists the Secretariat with policy guidance as well as the 

budget management. Among other things they also draft resolutions for consideration, provide guidance 

to the Secretariat on requirements for meetings, and carry out temporary actions between CoPs (CITES 

2000). The Animals and Plants Committee deal with problems regarding nomenclature, they assess 

information on species when there is a change in trade volumes, review animal or plant species included 

in CITES, and so on. Common for the Standing Committee and the Animals and Plants Committees is 

that members are Parties representing the major geographical regions: Africa, Asia, Europe, Central and 

South America and the Caribbean, North America, and Oceania. Their numbers of representatives are 

weighted according to the number of Parties in their region. In addition, the Animals Committee has a 

specialist in zoological taxonomy and the Plants Committee a specialist in botanical taxonomy (CITES 

2018a). 

Around 5,800 animal species and 30,000 species of plants are under CITES protection (CITES 2018a). 

CITES focuses on species threatened with trade and over-exploitation. Many species included in the 

convention are not immediately threatened with extinction but will be, if the trade is not regulated. On 

the other hand, there are species threatened with extinction, which are not included in CITES, as trade 

does not play a major role in their threats (Miljø- og Fødevareministeriet 2018). Species threatened with 

extinction and being subjects of trade will be particularly vulnerable. The Convention lists species in 

three appendices, accounting for the different levels threat. Appendix I offers the highest level of 

protection and includes species threatened with extinction and affected by trade. As of January 2017, 

Appendix I included 318 species and 20 subspecies of mammals, 155 species and eight subspecies of 

birds, 87 species and five subspecies of reptiles, 24 species of amphibians, 16 species of fish, and 69 

species and five subspecies of invertebrates. International commercial trade in Appendix I species is 

prohibited, except for exceptional circumstances, and may only take place when both an import and 

export or re-export permit is issued. Appendix II species comprise the largest group including 513 species 

and seven subspecies of mammals, 1278 species and four subspecies of birds, 749 species of reptiles, 

134 species of amphibians, 107 species of fish, and 2171 species and one subspecies of invertebrates. 

Species included in Appendix II, may not be threatened with extinction, but will be if trade is not 
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controlled. Hence, trade must not be detrimental to the survival of wild populations. Countries will only 

need an export or re-export permit, unless stricter rules apply in the concerned countries. Captive bred 

specimens of Appendix I species can be treated as Appendix II species, and will therefore only need the 

export or re-export permit. Species can be included in Appendix III if a Party, already regulating the 

concerned species, requests it, if they need cooperation in the prevention of unsustainable exploitation. 

The import requires a certificate of origin, and if the exporter includes the species in Appendix III an 

export permit (CITES 1973). Included are 52 species and 11 subspecies of mammals, 27 species of birds, 

61 species of reptiles, four species of amphibians, 24 species of fish, and 22 species and three subspecies 

of invertebrates. Only the Conference of Parties can add, move or remove species of Appendix I and II, 

either at the meetings or by postal procedures, whereas this can happen at any time for Appendix III 

species, by any Party unilaterally. When separate populations of a species need different conservation 

efforts, they can also be included in different appendices (CITES 2018a). 

To monitor trade, implementation of the Convention and detect potential harmful trade the Parties of the 

Convention should send in trade data in annual reports regarding import, exports and re-exports. If all 

details are identical between reports from the importer and exporter, the transaction will appear on the 

same line in the database. Unfortunately, it often fails to show perfect correlation. If only the importer or 

the exporter report the trade, it can lead to discrepancies, which also has been pointed out before (Nijman 

and Shepherd 2010; Poole and Shepherd 2016). Other reporting faults may also lead to misinterpretation 

of the data in the database. Different sources like certified captive bred and F1 generations are often 

reported differently, trophies may be reported as trophies or with the description of the item e.g. skin, 

and so on. There is also the case of importer and exporter reporting different quantities, where the 

transaction sometimes will appear on the same line of the tabulation. A reason for this is that the exporter 

sometimes report the quantity for which permits were issued instead of actual trade numbers (CITES 

2013a). 

Wildlife laundering 

A trade ban has in some cases proven to fail, where the demand then only can be met by poaching, as 

seen with the rhino (Biggs et al. 2013). Commercial breeding can be a potential conservation tool, to 

lower the pressure on wild populations. The idea is that farmed products will enter the market, lowering 

the price and make it less economically beneficial for poachers to harvest wildlife. Often it will not work, 
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as the price of captive breeding exceeds the cost of poaching (Gratwicke et al. 2008). In order for it to 

work Tensen (2016) outlined some criteria, adjusted from Biggs et al. (2013), that need to be met: (i) the 

farmed product will form a substitute, where consumers do not show a preference towards wild products, 

(ii) the farmed products can supply a large part of the demand, and the demand will not rise due to 

increased availability, (iii) farming must be more cost-efficient than poaching, (iv) the captive production 

must not rely on wild specimens for re-stock, and (v) laundering of illegal products through the 

commercial trade is absent. If only one of the criteria is not met, the commercial trade in captive bred 

animals will have a negative effect on the wildlife conservation. For many species, it is not possible to 

meet the criteria, but for others the farming presents a great conservation tool (Moyle 2013). 

A major concern is the rise of demand, given the stigma effect (Fischer 2004). It implies that when 

legalization of trade happens, the demand rises due to the acceptance in the society, and thereby 

introducing a new consumer group in to the wildlife trade that would otherwise abide the law when the 

trade was illegal. If illegal products enter the commercial legal trade, the consumers will be unaware, and 

acquire the products in good faith. This laundering of threatened species has a severe impact on the 

decline of wild populations, and recently attention has been raised concerning this problem (TRAFFIC 

2016). TRAFFIC identified nine indications of possible problems present in cases where suspected 

laundering occurred: (i) sudden increase in trade of captive produced specimens, (ii) erratic trade 

patterns, (iii) discrepancies in import and export reports, (iv) re-exporting countries never imported 

parental breeding stock, (v) transit through a non-CITES Party, (vi) species is known to be difficult to 

breed in captivity, (vii) lacking parental stock, (viii) recently established facility, and (ix) traders/breeders 

openly admitted laundering (TRAFFIC 2012). 

Laundering will undermine conservation efforts and create a false sense of sustainability (Janssen and 

Chng 2017). The permitting of trade in captive bred animals for commercial purposes, creates a loophole 

in CITES legislation.  Recent analysis on targeted species, show that the numbers of individuals traded 

as captive bred are impossible to breed given the biological limits and the infrastructure needs. For 

example, a study on the Tokay gecko shows that both the biology and logistics could not possibly produce 

the number of individuals claimed to be captive bred each year (Nijman and Shepherd 2015). Another 

study tracked green pythons through the supply chain, and found individuals harvested from the wild and 

sent to breeding farms for seemingly legal trade (Lyons and Natusch 2011). Often, individual quotas for 
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the species are set by the exporting country, thus controlling the allowed trade volumes. Indonesia 

implemented a captive-breeding production plan (CBPP) to minimize laundering by increasing 

transparency. The CBPP provides information on species, facilities, and equations used to estimate 

quotas, but when investigated the equations used unrealistic biological parameters compared to literature 

and expert opinions. Furthermore, it seemed the quotas were calculated on a ‘proposed production plan’ 

with no regards to the biological parameters. (Janssen and Chng 2017). This enables the captive breeding 

operations to exploit high quotas to launder wild-sourced specimens. In other cases, the permits issued 

are re-used, making the traded volumes unnoticeably higher than the quotas (Environmental Investigation 

Agency 2013). 

Big Asian Cats 

Many areas in Asia are identified as wildlife trade hotspots, and several studies has investigated the trade 

connected to Asia (Lin 2005; Nijman 2009; Nijman and Shepherd 2010). Due to a combination of 

poaching and habitat loss, many species are in decline or extinct. CITES identified six cat species of 

concern: the snow leopard, Uncia uncia, the clouded leopard, Panthera pardus, the leopard, Neofilis 

nebulosa, the Asiatic lion, Panthera leo persica, the tiger, Panthera tigris tigris, and its subspecies Amur 

tiger, Panthera tigris altaica. All species are included in Appendix I, the Amur tiger was included in 

1987, the Asiatic lion was included in 1977, and the rest was included from the beginning in 1975. The 

tiger was for the first time subject to discussion on the 29th meeting of the Standing Committee in 1993. 

A report from the IUCN/SSC Cat Specialist group highlighted the deterioration  of tiger populations due 

to poaching and smuggling to sustain the market of traditional medicine (CITES Standing Committee 

1993). Already in the same year China banned the trade in tiger-bone and the production of TCM with 

tiger bone ingredients. Korea followed the year after with banning sale of tiger bones, and in 1995 they 

also banned tiger bone derivatives (CITES Conference of the Parties 1994). 

At the CoP9, the first draft of a resolution concerning the tiger was developed, and it has continued to be 

a topic at every CoP since. CITES points out that in the last 50 years, three tiger subspecies went extinct, 

the illegal trade in tigers is escalating, and that the wild populations are threatened with the combination 

of poaching and habitat degradation. In 1999, the CITES tiger commission raised concerns about illegal 

activities regarding the leopard, and at the CoP12, the Parties decided to extent Resolution 11.5 regarding 

tigers to include all Appendix I Asian big cat species and become Resolution 12.5. Concerns were raised 
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about the other cat species working as a substitute for tigers for the TCM and bone wine trade, and that 

trade in skins fuel the poaching of Asian big cat species (CITES Conference of the Parties 2002 (2016)). 

As numbers of tigers and other Asian big cats rise in captive facilities, concerns about captive bred 

specimens entering the illegal trade and laundering of wild specimens through captive breeding facilities 

rise (CITES Conference of the Parties 2002 (2016); CITES Secretariat 2007). CITES urge Parties of 

Convention to improve awareness of the impact the illegal trade in Asian big cat causes, to report status 

of the Asian big cats and what conservation measure the Parties take, to implement a photographic 

identification database of seized and traded tiger skins, track seizures, and reduce the use of TCM. 

Through Parties’ and the Standing Committee’s investigation they found seizures in live tigers to be 

increasing, but tiger skins are most commonly seized. There is an increase in other cat species as 

substitute for tiger, and products formerly used to improve health, like bone wine, are now consumed as 

exotic luxury products. Tigers were the most common Asian big cat species seized in the European Union 

and America, and the origin was most often China or Vietnam (CITES Standing Committee 2014). 

The International Union of Conservation of Nature (IUCN) classifies the leopard, snow leopard, and 

clouded leopard as vulnerable, while the tiger, its subspecies Amur tiger, and the Asiatic lion are 

endangered. Populations are decreasing for leopard, snow leopard, clouded leopards, and tiger, whereas 

it is considered stable for the Asiatic lion and Amur tiger. Big cats are fascinating, charismatic and 

definitely fall in the category of “big, cute and furry”. These characteristics are often associated with 

flagship species. Using charismatic megafauna as flagship species has shown to raise awareness and be 

financially viable. Creating campaigns for the flagship species can help raise funds for other conservation 

efforts (Skibins et al. 2013; Walpole and Leader-Williams 2002). Furthermore, big cats function as 

umbrella species, as they have big ranges and therefore need large habitats to survive. Conserving big 

cats and their natural habitat can therefore also help conserve many other species. 

The tiger is the largest of the big cats. Nine subspecies are recognized, but three of them are extinct today. 

Estimation on range show that the tiger only inhabits < 6 % of their historic range, and breeding 

populations are only present in eight countries, being Bangladesh, Bhutan, India, Indonesia, Malaysia, 

Nepal, Russia, and Thailand (Goodrich et al. 2014). The subspecies Amur tiger is found primarily in 

Russia, and estimated population numbers are as low as 360 (Miquelle et al. 2011). Besides dealing with 

threats counting lack of law enforcement, prey base depletion, habitat loss, and conflict with local people, 
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the tiger is also commercially poached. It is estimated that commercial poaching of the tiger is occurring 

at varying levels in all of the range States. Three countries have been pointed out in particular: India, 

Indonesia, and Myanmar. The tiger is illegally hunted for an array of products. Claws, teeth, and skins 

are used for ornamentals and decorations, the meat is served as an exotic luxury dish, genitalia are used 

as aphrodisiac, and bone is used to produce tiger bone wine. China, Indonesia, Malaysia, Myanmar, and 

Vietnam all had substantial domestic markets in recent years (Nowell 2007). 

The leopard is the cat with the largest range of the assessed species, as it both inhabits several countries 

in Africa and Asia. Nine subspecies are recognized, where one is found in Africa and the remaining eight 

are Asian inhabitants. The leopard as a species is categorized as vulnerable by the IUCN, but several of 

the Asian subspecies is considered endangered or critically endangered. There are no reliable estimates 

on population size in Africa, but the population of the subspecies Indian leopard is estimated at 12000-

14000, the North China leopard holds an estimate of <500, the Indochinese leopard <2500, and the Amur 

leopard <60. Many of the populations are severely fragmented (Stein et al. 2016). The leopard faces the 

same threats as the tiger, and commercial poaching estimated to occur at varying levels in all range States. 

Leopard skins, claws, and teeth are also used for decoration and clothing. Leopard bone substitutes tiger 

bone in TCM in some cases. Afghanistan, China, Malaysia, Myanmar, and Pakistan have all had 

substantial domestic trade of leopards in recent years (Nowell 2007). 

Clouded leopards occur in Bangladesh, Bhutan, Cambodia, China, India, Laos, Malaysia, Myanmar, 

Nepal, Thailand, Vietnam, and Indonesia. The clouded leopards found in Borneo and Sumatra was 

recently identified as its own subspecies, the Sundaland clouded leopard (Neofelis diardi). Population 

size is estimated to be <10000 with large uncertainties (Grassman et al. 2016). The clouded leopard faces 

threats including habitat loss and commercial poaching. It is the only of the assessed species where live 

animals are poached to supply the exotic pet trade. It is also used as a substitute for tiger meat and bones, 

and its skin, claws, and teeth are used for clothing and decoration. All range States are believed to have 

a degree of poaching, and Indonesia, Myanmar, and Vietnam had substantial domestic markets in recent 

years (Nowell 2007). 

Snow leopards occur in 12 countries, but estimations of population sizes are hard to make due to its 

elusive nature (McCarthy et al. 2017). The World Wildlife Fund (WWF) state that there is as few as 4000 

individuals left in the wild (World Wildlife Fund 2017). The snow leopard is threatened with prey base 
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depletion, lack of law enforcements, conflicts with local people, and commercial poaching. It is estimated 

to occur in varying levels in all range States, but China, Kazakhstan, Kyrgyzstan, Mongolia, and Russia 

are pointed out. Afghanistan, Pakistan, and China had substantial domestic markets in recent years, where 

skin is sold for decoration and clothing, bones are used for traditional medicine in e.g. Mongolia, but is 

also used as a substitute for tiger bone in TCM (Nowell 2007).  

The Asiatic lion only occurs in India’s Gir forest. The population size is estimated to 350 individuals 

with only approximately 175 mature individuals. Thirty-four animals were reported killed in 2007 

(Breitenmoser et al. 2008). Besides the commercial poaching, the Asiatic lion faces conflicts with local 

people. Illegal trade in Asiatic lions is not well documented, but there is a potential market for skins and 

bones as a substitute for tiger bone in TCM (Nowell 2007). There are a few documentations on Asiatic 

lions appearing in illegal markets (Nijman and Shepherd 2014; Oswell 2010). 

Herein, we review annual CITES reports, to explore the main consumers and scale of trade in the Asian 

big cats labeled as produced in captivity. We also assess whether trading trends regarding source and 

purpose changed over the years. We estimate needed numbers of breeding females to supply the trade 

holding them up against trade volumes to identify whether numbers of traded individuals can 

theoretically be produced. We hope that in providing this information it will help unveil laundering if 

happening. 
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Methods 

CITES database 

To investigate exports and imports across time, we obtained data from the CITES trade database (CITES 

2017b) for 41 year (i.e. from1975-2015) for the six cat species: Asiatic lion (Panthera leo persica), 

clouded leopard (Neofelis nebulosa), snow leopard (Uncia uncia), leopard (Panthera pardus), Amur tiger 

(Panthera tigris altaica), and tiger (Panthera tigris). We did not include the year 2016 in our analysis, 

as it at the time of download was incomplete. The Parties of the Convention send in their annual report 

at the latest of 31 October in the following year, and CITES states the most recent year of comprehensive 

records is normally two years before the current (CITES 2013a). We downloaded our data in the 

beginning of January 2018 and therefore chose to exclude 2016. Regarding the species taxonomy CITES 

does not differentiate between the two subspecies of clouded leopard, Neofelis nebulosa and Neofelis 

diardi. Likewise for the tiger, CITES does only recognize the Amur tiger as a subspecies, all others are 

denoted as Panthera tigris. From the beginning 

of 1975 all tiger subspecies were included in 

Appendix I, except for the Amur tiger, which 

was not included until 1987 (CITES 2017a). 

Panthera tigris records with Appendix II 

before 1987 could therefore be believed to be 

Panthera tigris altaica. We found a single 

record of stating Appendix II after 1987, and it 

could also just be typing errors. As it was only 

the case in very few incidents, we chose to keep 

the records under “Tiger”. The data were 

supplied in a comparative tabulation table, with 

a detailed explanation of output headers in 

Table 1. CITES gives 12 possible purpose 

codes. These include: B, breeding in captivity, E, education, G, botanical garden, H, hunting trophy, L, 

law enforcement, M, medical (including research), N, reintroduction/introduction to the wild, P, personal, 

Q, circus or travelling exhibition, S, scientific, T, commercial, Z, zoo. For source codes, ten are available. 

Headings Definition

Year Year of trade

Appendix The CITES appendix the concerned species 

is assigned under

Taxon Scientific name of concerned species

Importer Country of import. If exports are reported, 

it is reported destination

Exporter Country of export. If imports are reported, 

it is reported consignor

Origin Country of origin. If blank, the exporting 

country is also origin, or it was not reported

Importer reported quantity Quantity of import, reported by importing 

country

Exporter reported quantity Quantity of export, reported by exporting 

country

Term Description of traded specimens, many 

possible, including live, skins, medicine, 

leather item and so on

Unit Unit associated with the term. If blank, total 

number of specimens is reported

Purpose Purpose of the transaction

Source Source of specimen

Table 1 Headings and their definition of a comparative tabulation table 
output from the CITES trade database. 
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These include: A, artificially propagated plants, C, captive bred animals in accordance with Resolution 

Conf. 10.16, D, Appendix I species bred in captivity for commercial purposes, F, animals born in 

captivity not fulfilling definition of bred in captivity, I, seized specimens, O, pre-convention specimens, 

R, ranched specimens, U, unknown, W, specimens taken from the wild, X, specimens taken in marine 

environment (CITES 2013a). The Resolution Conf. 10.16 was constructed at the tenth meeting of the 

Conference of the Parties in 1997, and concerns specimens of animal species bred in captivity. It explains 

the definition of the term bred in captivity, and points out guidelines related to trade in specimens bred 

in captivity (CITES 1997). 

The data include export and re-export data. We defined exports as all trades where the origin country 

was the same as the exporting country or where the origin country was not defined, marked by a blank 

space. We defined re-exports as all trades where the origin country was either unknown, marked as XX, 

or different from the exporting country. We only include export data in our analysis to avoid inflating 

trade volume by counting the same specimens twice, as exports and re-exports. Please note there is an 

important difference in the term records and transactions quantities, as one record can contain large 

quantities. There is also a difference in export data, referring to data on transactions where the exporting 

country is the same as the origin (or origin is not defined), export data, referring to data reported by 

exporting countries. All countries should report all imports, exports, and re-exports, but do to 

inconsistencies in the reporting of these data these do not always match, which may lead to an 

overestimation of the trade volumes. Thus, we focused our analysis on exports. We chose the export data, 

as captive-bred Appendix I species can be treated as Appendix II species, when they are bred at registered 

breeding facilities, where only an export-permit is needed (CITES 1973, 1997). 

CITES uses 107 different term codes and 37 unit codes to classify traded specimens, where several 

combinations appear for our six species. The tiger had 63 unique combinations of terms and units, the 

leopard had 55, clouded leopard 22, Amur tiger 19, snow leopard 18, and Asiatic lion 13 (Appendix 1). 

These terms can refer to whole individuals but also parts of individuals or processed products, not further 

classified. In order to get a crude estimate of the number of individuals traded, we counted the following 

terms as individuals: live, specimens, skulls, skeletons, skins, bodies, and trophies. This was only the 

case if no unit was specified. Likewise records with “specimens in mL”, were not included. Note that we 

used the term specimens to denote all terms, which should not be confused with the term “specimens” 
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used by CITES described in article I, “to cover an animal or plant, dead or live, or an easy recognizable 

part of said animal or plant, being traded” (CITES 1973). 

For these seven terms, we assessed the trading trends over the available years 1975-2015. We focused 

on specimens categorized as non-wild caught, which we defined as the four sources C, F, D, and R. 

Ranched specimens are not bred in captivity, but we chose to include it as CITES does (CITES 2016). 

From those, we analyzed the purpose of live-traded individuals in the international markets in the last 

ten years (2005-2015). For the most common purposes, we analyzed main importers and exporters. 

The extensive trophy trade in leopards is discussed as an issue, and we assessed forms of trophies, trading 

volumes and main importers and exporters. We determined trophies to be when trading term is trophy, 

or as skins, skulls, specimens, live, skeletons, and bodies, under the condition that they were traded with 

the purpose of hunting trophy (H) or personal (P). We only assessed trade from wild, unknown or 

unspecified sources. 

To assess the found trade volumes on specimens produced in captivity and leopard trophies, we 

calculated how many females are needed to produce the found quantities. We extracted data in average 

litter size and inter-litter interval (Appendix 2) from three databases, AmnioteLHDB, AnAge, and 

Pantheria (Conde et al. in progress), to estimate possible production of offspring per year. We then 

estimated average trade volumes per year, from which we estimated the number of needed fertile females 

per year. The databases only hold information on species and not subspecies. Thus, we used data for 

Panthera tigris and Panthera leo for the Amur tiger and Asiatic lion respectively. The database Pantheria 

holds reproductive data from wild sources for the clouded leopard, tiger, lion, and leopard. All other data 

used is from unknown sources. No information on inter-litter interval for the clouded leopard was 

available in the three databases. The Clouded leopard project (2011) state that clouded leopards can 

produce a litter every year. When more than one entry on litter size or inter-litter interval in a database 

was available, we took the average of all of them. For the leopard we have also estimated the need of 

wild fertile females per year. We applied the mating success rate from Kruger National Park and an 

average of the probability of a cub surviving to adulthood to our estimate of needed fertile female 

leopards. In Kruger National Park the mating success has been estimated at 15 % and the probability of 

a cub surviving to adulthood at approximately 50 % (Friedmann and Traylor-Holzer 2008), whereas 

others have found an even lower infant rate of 37 % (Balme et al. 2013). 
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Software use 

For data manipulation and visualization we used the software Rstudio (R core team 2015). Data curation 

was done with the help of the R package ‘dplyr’ (Wickham and Francois 2015), and the visualization of 

trading trends is shown in bar charts made with the R package ‘ggplot2’ (Wickham 2009). To show 

trading routes and main importers and exporters we used chord diagrams. It is a circular diagram, 

showing where the transactions is coming from (exporter) and going to (importer) and the quantity 

transferred between the countries in the given period. With the R package  

‘circlize’ (Gu et al. 2014), such a diagram can easily be produced from a 

table, with the columns from, to, and value. For visual purposes we divided 

the countries in to world regions using the R package ‘countrycode’, 

making it possible to convert the two letter ISO code for the countries in to 

the regions defined by The World Bank Development Indicators (Arel-

Bundock 2014). We obtained a total of 20 categories, where 19 are regions 

(Table 2) and one for unknown. We defined the region as “unknown” if the 

country code was either XX, as “unknown” by CITES, or XV, defined as 

“various” by CITES (CITES 2013a). In two cases, we needed to assign the 

countries to a region manually, as the R package ‘countrycode’ did not 

recognize the two letter ISO codes. This was in both cases data for the 

leopard. One was with the code CS, by CITES said to be Former Serbia and 

Montenegro, we assigned it to ‘Eastern Europe’, and the other TW, said by CITES to be Taiwan, we 

assigned to ‘Eastern Asia’. In some cases we have for visual purposes, abbreviated the world region name 

to a three letter code (Table 2), and all the regions are colour coded in a way, making the American 

regions to have red shades, European to have blue shades, African green shades, and Asian pink shades.  

Results 

Overall, the CITES trade database includes a total of 20519 records (including seizures) for the six big 

cat species in the years 1975-2015. The total trade volume of the assessed terms was 54762 individuals, 

and the most exported species was the leopard (69.32 %; n=37963). In total, most exports were trophies 

(34.75 %), whilst the purpose most often used is “hunting trophy” (34.75 %; n=17387). Appendix 3 and 

4 show all purpose codes with corresponding trade volumes. Regionally the main exporters and importers 

World region Abbreviation

Northern America NAM

South America SAM

Central America CAM

Northern Europe NEU

Southern Europe SEU

Western Europe WEU

Eastern Europe EEU

Central Asia CAS

Eastern Asia EAS

South-Eastern Asia SEA

Southern Asia SAS

Western Asia WAS

Northern Africa NAF

Eastern Africa EAF

Western Africa WAF

Southern Africa SAF

Middle Africa MAF

Australia & New Zealand ANZ

Caribbean CAR

Table 2 World regions as defined by 
The World Bank Development, and 
the three-letter abbreviation used. 
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from 1975-2015 for the six species the categories analyzed were Zimbabwe (17.93 %) and the United 

States (37.64 %) respectively. In the last ten years (i.e. 2005-2015) the main exporter and importer were 

Namibia (23.48 %) and the United States (37.05 %) respectively. Table 3 shows the main exporters and 

importers divided by species from the year 2005-2015. 

Table 3 Trade volumes and main exporters and importers of the Asian big cat species: Asiatic lion, clouded leopard, Amur tiger, snow 
leopard, tiger, and leopard in the years 2005-2015 

 

Only considering records that refer to animals produced in captivity (CITES source code C, D, F, and 

R), the trade volume was 10613 individuals, and the most exported species were the tiger (60.58 %; 

n=6429). Most exports of non-wild Asian big cats referred to live individuals (80.59 %; n=8553), and 

the biggest purpose of trade was for circus/travelling exhibitions (29.87 %; n=3170). Appendix 3 shows 

all purpose codes for Asian big cats labeled as produced in captivity with corresponding trade volumes 

The United States was both the biggest exporter and importer of Asian big cats labeled as produced in 

captivity in the period 1975-2015 (19.01 % and 11.12 % respectively), but also Canada was a big importer 

(10.9 %). In the period 2005-2015, the main exporters and importers changes to Russia (18.39 %) and 

the United Kingdom (13.37 %) respectively. Table 4 shows the main exporters and importers of Asian 

big cats labeled as produced in captivity divided by species from the year 2005-2015. 

Table 4 Trade volumes and main exporters and importers of the Asian big cat species: Asiatic lion, clouded leopard, Amur tiger, snow 
leopard, tiger, and leopard labeled as produced in captivity, in the years 2005-2015 

 

Species Main exporter (X %) Main importer (X%) Total exports

Asiatic lion Kazakhstan (29.79 %) Uzbekistan (21.28 %) 47

Clouded leopard Malaysia (48.87 %) The United States (40.6 %) 133

Amur tiger Russia (61.05 %) The United States (48.16 %) 380

Snow leopard Mongolia (85.02 %) Sweden (32.79 %) 741

Tiger Russia (18.74 %) The United States (23.72 %) 2390

Leopard Namibia (30.57 %) The United States (40.51 %) 12246

Species Main exporter (X %) Main importer (X%) Total exports

Asiatic lion Kazakhstan (29.79 %) Uzbekistan (21.28 %) 47

Clouded leopard United Arab Emirates (25 %) The United States (23.08 %) 52

Amur tiger Russia (21.86 %) Thailand (13.66 %) 183

Snow leopard Switzerland (18.35 %) The United States (16.51 %) 109

Tiger South Africa (17.16 %) The United States (7.63 %) 1795

Leopard Russia (45.98 %) The United Kingdom (39.93 %) 859
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Forms of trade 

Asiatic lion 

Captive bred individuals (C), accounts for the largest quantity (72.02 %) of Asiatic lions, first appearing 

in 1982 (Figure 2,A). Wild-taken individuals account for only three (1.79 %) individuals in the whole 

period of 1975-2015. Undefined exports (NA) appear only in the earlier years, whereas all exports were 

reported with a source code after 1993. In later years, few transactions include individuals born in 

captivity to wild-caught parents (F). The exported captive bred Asiatic lions are almost solely live 

individuals (Figure 3,A). From 2005-2015 most of these captive bred live Asiatic lions are traded for 

zoos (Figure 4,A), but in 2008 and 2009 ten and four individuals went to travelling exhibitions or circus 

respectively.  

Clouded leopard 

The export of clouded leopard reported to CITES starts in 1978. Until 1990 almost just as many clouded 

leopards are from unspecified sources as ones reported as captive bred. The yearly trade of clouded 

leopard is quite low, with peaks in four years (Figure 2,B). Of the clouded leopards produced in captivity, 

the small numbers every year are live clouded leopards, but the peaks in 1995 and 2001 are specimens 

(Figure 3,B), where the purpose was scientific reasons both years. The peaks in 2006 and 2014 refers to 

28 and 42 wild-caught clouded leopards, with the term specimens traded for scientific purposes. In the 

years after 2000, a slight increase of exports involving F1 individuals born in captivity to wild-caught 

parents appear. No other terms are present. Zoo is the most used purpose for the live clouded leopards 

labeled as produced in captivity, but in the years 2009-2012, 14 individuals went for breeding programs 

(Figure 4,B).  

Amur tiger 

The trade numbers in the years 1975-2015 vary substantially and range between two and 251 (Figure 

2,C). Lower numbers of captive bred Amur tigers are traded each year, whereas the large peaks in 1992 

and 1993 come from unknown sources, and the peak in 2011 is a single transaction of 164 wild-caught 

Amur tigers traded for scientific purposes. From the Amur tigers produced in captivity most are live 

individuals (Figure 3,C). Trade of specimens often appear in higher numbers from single transactions. 

In the last three years skins for personal purposes was traded. The largest proportion of live Amur tigers 
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from non-wild sources are traded for zoos, but almost every year a few individuals go to travelling 

exhibitions or circus (Figure 4,C). 

Snow leopard 

The number of wild-caught snow leopards are more than double the number of captive bred, but they 

appear in peaks, whereas there is a lower trade of snow leopards produced in captivity each year (Figure 

2,D). Out of the 966 wild-caught, 958 are specimens traded for scientific purposes. The large peak in 

1992, from an unspecified source, is a single transaction of 170 specimens traded for scientific reasons. 

Most other transactions of snow leopards from unspecified sources are live individuals, but in 1981 three 

skins and two skulls was traded as hunting trophies. Most of the snow leopards from non-wild sources 

were live individuals (Figure 3,D), but the big peaks in 1994 and 2004 was single transactions of 34 and 

50 specimens for science. Between 2005-2015 live individuals produced in captivity were exported 

mostly to zoos, but 14 individuals were traded for breeding (Figure 4,D). Contrary to the Asiatic lion, 

clouded leopard and Amur tiger, live snow leopard produced in captivity are exported for commercial 

purposes occur. Two were traded in 2009, one in 2011, and one in 2013. 

Tiger 

The tiger is the species out of the six assessed which has the broadest variety of sources (Figure 2,E) and 

is also one of the only species, where trade from unknown or unspecified sources occur in the later years 

as well. Most are captive bred specimens, but there are also larger transactions of wild caught specimens. 

Most wild-caught tigers are traded for scientific purposes, but a few live individuals also go to zoos. Live 

is the most dominant term for tigers produced in captivity and accounts for 90.78 % in the years 1975-

2015 (Figure 3,E). In 2001 and 2004 larger numbers of specimens occur. In 2001, it is two transactions 

of 30 and 203 and in 2004 it is a single transaction of 200, all of which are traded for scientific purposes. 

In the latest year, there are more appearances of skins, trophies, and bodies traded as hunting trophies or 

for personal reasons. In the latest period of 2005-2015, trade of live individuals produced in captivity 

happen for many different purposes (Figure 4,E), but circus/travelling exhibitions accounted for the 

largest proportion followed by zoos. Every year tiger are also traded for commercial purposes and 

breeding.  
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Leopard 

The leopard both has the highest number of records and the highest quantity traded in the years 1975-

2015. Contrary to the other five species, the majority of leopards are from unspecified sources until 1990 

and from wild sources after that (Figure 2,F). The leopard is the only species out of the six, where it is 

not live individuals accounting for most of the trade. Instead, the trade mostly represented is hunting 

trophies or products for personal purposes with a trade volume of 20860. The main part is trophies, but 

skins and skulls are also often represented (Figure 1). Even though the proportion of leopards produced 

in captivity is so small, the quantity is still bigger than for the Asiatic lion, clouded leopard, Amur tiger, 

and snow leopard. Most leopards produced in captivity are live individuals, but in 2001, 2004, 2009, and 

2014 single transactions of large quantities of specimens occur (Figure 3,F). All leopard specimens are 

traded for scientific purposes except two, which are for a medical purpose. Most of the live individuals 

produced in captivity are traded to zoos or circus/travelling exhibitions (Figure 4,F). Every year captive 

breeding is also the purpose of a few transactions.  

  

Figure 1 Exported quantities of leopards from the wild or unknown sources in the years 1975-2015, traded either as trophies, or as skins, 
skulls, live, specimens, bodies or skeletons under the condition that they were traded with the purpose “hunting trophy” or “personal”. 
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Figure 2 Exports of the six cat species: Asiatic lion, clouded leopard, Amur tiger, snow leopard, tiger, and leopard, between the years 1975-
2015. Terms included are bodies, live, skeletons, skins, skulls, specimens and trophies. CITES source codes, C captive bred, W wild-caught, 
NA not specified, U unknown, F F1 or subsequent generations, O pre-convention, I seizures, D bred for commercial purposes, R ranched, A 
Plants. Please note the difference in y-scale range where clouded leopard, amur tiger, and snow leopard share the range, but Asiatic lion, 
tiger and leopard each has their own. 
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Figure 3 Quantity of exported captive bred (sources C, D, F, R) Asiatic lions, clouded leopards, Amur tigers, snow leopards, tigers and 
leopards, divided in the terms live, specimens, skins, trophies, bodies, skulls, and skeletons in the years 1975-2015. Please note the 
different y-scales where the range for Asiatic leopard, Amur tiger, and snow leopard is the same. Clouded leopard has its own and tiger 
and leopard share the same. 
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Figure 4 Live individuals produced in captivity of the species Asiatic lion, clouded leopard, Amur tiger, snow leopard, tiger, and leopard, 
traded between the years 2005-2015. CITES purpose codes, Q circus or travelling exhibition, Z zoo, T commercial, B breeding, P personal, 
E education, N re- or introduction, S scientific, NA unspecified. Note the different y-scales where it is uniform for A, B, C, D, and F, but 
different for E. 
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Estimated need of fertile females per year 

The estimated need of fertile females per year, to produce the average trade volumes per year of Asian 

big cat species produced in captivity, was highest for the tiger. Table 5 shows results for all six species 

produced in captivity in 2005-2015, but also estimated need of fertile leopard females per year to 

produce the trade of hunting trophies in 2005-2015. 

Table 5 Estimated need of fertile females per year, total trade volumes and the average per year in 2005-2015 of captive produced 
Asiatic lion, clouded leopard, Amur tiger, snow leopard, tiger, and leopard, as well as for leopard hunting trophies, traded either as 
trophies, or as skins, skulls, live, specimens, bodies or skeletons under the condition that they were traded with the purpose “hunting 
trophy” or “personal”. Please note that the method of estimating needed fertile females per year for leopard hunting trophies is 
different, as mating success rate and cub mortality is taking in to account. 

 

Trade routes 

Imports, of live Asian big cat labeled as produced in captivity, by zoos in the last ten years of available 

records (i.e. 2005-2015) accounted 887 individuals. Three countries were dominating in the import, as 

American zoos imported the main part of clouded leopards and snow leopards, and a large part of the 

leopards, Russian zoos imported the main part of leopards as well as many snow leopard, and Thai 

zoos imported the main part of Amur tigers and tigers. South Africa exported the main part of tigers to 

zoos (Figure 5,E). In the commercial trade of captive produced tigers in 2005-2015, the European 

regions was the main exporters (Figure 6,C), where Germany was the biggest contributor. Southern 

Africa also exported a minor part. The United Arab Emirates and Pakistan imported the main part. For 

the leopard hunting trophy trade, Eastern and Southern Africa was the main exporters, with the top four 

countries being Zimbabwe (24.41 %; n=2005), Tanzania (19.98 %; n=1641), Namibia (17.59 %; 

n=1445), and South Africa (14.23 %; n=1169). More than half of the hunting trophies were imported 

Species Total Average per year

Estimated possible offspring 

per year per female

Estimated need of fertile 

females per year

Asiatic lion 40 3.64 1.95 2

Clouded leopard 49 4.45 2.18 3

Amur tiger 133 12.09 1.05 12

Snow leopard 101 9.18 2.04 5

Tiger 1680 152.73 1.05 146

Leopard 270 24.55 1.8 14

Leopard hunting 

trophies 8214 746.76 1.8 6358
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by The United States. Table 6 shows main exporting and importing regions and countries for the six 

species for the most common purposes. 

Table 6 Main exporting and importing regions and countries for captive produced live individuals of the six Asian big cat species: Asiatic 
lion, clouded leopard, Amur tiger, snow leopard, tiger, and leopard for the most common purposes. Included is also main exporting and 
importing regions and countries in the leopard trophy hunting trade, traded either as trophies, or as skins, skulls, live, specimens, bodies 
or skeletons under the condition that they were traded with the purpose “hunting trophy” or “personal”. 

 

Species Purpose Total (n )
Main exporting 

region (X %)

Main exporting 

countries (X %)

Main importing 

region (X %)

Main importing 

countries (X %)

Asiatic lion Zoo 24 Western Europe 

(33.33 %)

Switzerland    

(16.67 %)

Western Europe 

(20.83 %)     

Eastern Europe 

(20.83 %)

Czech Republic 

(20.83 %)

Clouded leopard Zoo 34 Southeast Asia 

(41.18 %)

United Kingdom 

(26.47 %) Thailand       

(23.53 %)

North America 

(29.41 %)

The United states 

(23.53 %)      

United Kingdom 

(23.53 %)

Amur tiger Zoo 104 Eastern Europe 

(30.77 %)

Russia (15.38 %) Southeast Asia 

(25.96 %)

Thailand (24.04 %)

Snow leopard Zoo 83 Western Europe 

(38.55 %)

Canada (19.28 %) 

Switzerland    

(14.46 %)

Northern America      

(26.51 %)

The United States 

(18.07 %) Russia 

(13.25 %)

Tiger Zoo 506 Southern Africa 

(20.95 %)

South Africa   

(20.95 %)       

Canada (14.43 %)

Southeast Asia 

(31.82 %)

Thailand (13.83 %)  

Vietnam (9.09 %)

Tiger Circus/ 

travelling 

exhibition

945 Central America 

(31.32 %)

Mexico (19.79 %) 

Italy (13.12 %)

Central America 

(23.49 %)

The United States 

(9.42 %) Mexico 

(6.46 %)

Tiger Commercial 107 Western Europe 

(47.66 %)

Germany (33.46 %) Southern Asia 

(22.43 %)

The United Arab 

Emirates (18.69 %)  

Pakistan (13.08 %)

Leopard Zoo 136 Western Europe 

(25.74 %)

France (13.97 %) Eastern Europe 

(19.85 %)

Russia (12.5 %) 

The United States 

(10.29 %)

Leopard Circus/ 

travelling 

exhibition

86 Eastern Europe 

(63.95 %)

Russia (52.33 %) Central America 

(20.93 %)

Kazakhstan     

(20.93 %)

Leopard Trophy 8214 Eastern Africa 

(63.23 %)

Zimbabwe     

(24.41 %)  

Tanzania (19.98 %)

Northern America 

(53.29 %)

The United States 

(51.57 %)

226



27 

 

 

227



28 

 

Figure 5 Chord diagrams showing regional trade routes of live individuals produced in captivity of A. Asiatic lion, B. Clouded leopard, C. 
Amur tiger, D. Snow leopard, E. Tiger, and F. Leopard traded for the purpose Z (Zoo) as reported by the country of export. Countries are 
grouped in World regions and arranged as segments around the outer line of the plot indicated by colour. Numbers around the outer line 
of the circle indicates trade volumes in actual quantities. World region abbreviation, CAM Central America, SAM Southern America, SAS 
Southern Asia, SEA South-Eastern Asia, WAS Western Asia, CAS Central Asia, EAS Eastern Asia, SEU Southern Europe, NEU Northern Europe, 
WEU Western Europe, EEU Eastern Europe, MAF Middle Africa, SAF Southern Africa, EAF Eastern Africa, NAF Northern Africa, CAR 
Caribbean, and ANZ Australia and New Zealand. 

 

Figure 6 Chord diagrams showing regional trade routes of live individuals produced in captivity of A. Tiger and B. Leopard traded for 
purpose Q (circus or travelling exhibition) and C. Tiger traded for commercial purposes as reported by the country of export. Countries are 
grouped in World regions and arranged as segments around the outer line of the plot indicated by colour. Numbers around the outer line 
of the circle indicates trade volumes in actual quantities. World region abbreviation, CAM Central America, NAM Northern America, SAM 
Southern America, SAS Southern Asia, SEA South-Eastern Asia, WAS Western Asia, CAS Central Asia, EAS Eastern Asia, SEU Southern 
Europe, NEU Northern Europe, WEU Western Europe, MAF Middle Africa, SAF Southern Africa, NAF Northern Africa, WAF Western Africa, 
CAR Caribbean, and ANZ Australia and New Zealand. 
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Discussion 

The populations of the big Asian cat species snow leopard, clouded leopard, leopard, and tiger are all 

declining. While the populations are considered stable for Asiatic lion and Amur tiger, but both have 

very low population numbers (Breitenmoser et al. 2008; Goodrich et al. 2014; Grassman et al. 2016; 

McCarthy et al. 2017; Miquelle et al. 2011; Stein et al. 2016). The active trade occurring in parts of Asia 

poses a severe threat to their survival (Oswell 2010). Even though trade is regulated through legislation, 

criminal organizations find loopholes in the system to continue the trade (Environmental Investigation 

Agency 2013). Recently, attention was raised concerning the issue of laundering wild animals as captive 

bred (CITES Conference of the Parties 2016; TRAFFIC 2016). Here, we explore the scale of trade in the 

Asian big cats labeled as captive and estimate needed numbers of breeding females to supply the trade. 

Hereby providing information to help unveil laundering if happening. 

Our results of the CITES trade database shows that the trade of the six Asian big cat species has been 

fluctuating during the last 41 years. Since 1987 CITES Appendix I included all six species. Commercial 

trade has therefore been prohibited during most years since CITES was established in 1975, which may 

explain the absence of trade from wild sources. Even though, trade in cats labeled as produced in captivity 

are present for all years. The trade volumes per year of live specimens produced in captivity seem far 

from impossible. Live tigers produced in captivity was by far the most traded of the six species, but the 

average trade of 152.73 individuals per year, only needed an estimate of 146 breeding females per year. 

In comparison there was an estimate of 7000-8000 tigers in captive facilities in 2016, just for the four 

countries China, Thailand, Lao, and Vietnam (Environmental Investigation Agency 2016). The large 

numbers of tigers in captive facilities, largely exceed our estimate of needed breeding females. We 

assume 100 % mating success rate and 0 % cub mortality in our estimate, and even though 100 % success 

is never guaranteed, it can be very close in captive breeding facilities. Tiger cubs are also taken away 

from their mother at an early stage, enabling the female to go in to heat again, and thereby decreasing 

the inter litter interval (National Geographic 2017). With the large quantities of tigers in captivity and 

the potential of reproduction, it seems like there is a capacity of considerably more trade than reported 

through CITES. Because most trade in tigers is concerning live animals, there are no significant 

transactions going unnoticed in the CITES trade database, due to non-quantifiable terms. 
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CITES stated with Decision 14.69 in 2007, that captive facilities and breeding in tigers should only help 

the conservation of wild populations and urged no trading in tiger parts. Conflictingly, our analysis 

showed that trade in tiger skins and body parts produced in captivity in CITES records increased after 

2007. Regardless of CITES’ demand to restrict the captive breeding population, the trade of tigers 

produced in captivity remains at the same levels, and the same accounts for the commercial trade of live 

tigers. There is a rising concern of captive bred tiger products entering the illegal wildlife trade, and 

seizures of tiger specimens in Southeast Asian countries such as Laos, Thailand, and Vietnam has risen 

parallel with the rise in tigers kept in captive facilities. Moreover, the wild population in these countries 

are estimated to be very low (CITES Standing Committee 2014; Stoner and Krishnasamy 2016). Stoner 

and Krishnasamy (2016) found an increase in seizures, with 2 % of seizures suspectedly being from 

captive sources in the years 2004-2007, and up to 22 % in the period following 2007 (2008-2011). CITES 

addressed this problem with Decision 17.224 to 17.231, urging Parties with tiger breeding facilities to 

prevent products entering the illegal trade and the Secretariat to work with appropriate organizations to 

prepare a report in legislative and regulatory measures. With an increase in seizures and an increase of 

suspected supply from captive facilities, it does not seem tigers in captive facilities are reduced. 

We found the trade volumes of captive produced live-specimens in the other five cats to be much lower 

than for the tiger, and the estimated need of breeding females for the other five Asian cat species . Even 

though captive facilities of the other five cats are not as extensive, they are all found in Zoos, which was 

the purpose most non-wild live specimens was traded for. Our analysis investigated which regions and 

countries’ zoos were the biggest importers, giving an idea of where the different cat species are popular 

in zoos around the world. All six species are in a studbook (Hedeager et al. in progress), and trade to 

zoos could also be to maintain breeding programs. Asiatic lion is mainly exported to Western and Eastern 

Europe, particularly in Czech Republic. The United States imports many leopards and the main part of 

clouded leopards and snow leopards. Russian zoos import a lot of snow leopards and the main part of 

leopards, and Thailand is the biggest importer of the Amur tiger and tiger. Thailand has been involved in 

many illegal activities regarding tigers, and the CITES Tiger Mission Technical Team reported on zoos 

in Thailand that should not hold the title zoo. They raised concern regarding zoos exploiting the 

possibilities in wildlife trade given, when registered as a zoo (CITES Secretariat 2004). There has also 

been cases of zoos sending skins and dead tigers to sellers (Environmental Investigation Agency 2013). 
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From the database, it is not possible to see if the export is coming from another zoo or if the zoos import 

from breeding facilities, private owners and so on. Switzerland exports many of the captive produced 

Asiatic lions and snow leopards to zoos, and Canada exports a large proportion of the snow leopard and 

tiger. Clouded leopards traded to zoos come mainly from the United Kingdom and Southeast Asian 

countries, the Amur tiger mainly from Russia, the tiger mainly from South Africa, and the leopard mainly 

from France. Investigations of the main exporting countries could shed light on which kind of 

establishment the specimens are obtained from. We found South Africa as the biggest exporter of live 

tigers produced in captivity to zoos. South Africa is known to keep tigers in captive breeding facilities 

(Environmental Investigation Agency 2017), and it could be possible that some zoos acquire animals 

from those farms. Another note is that the main part of Amur tigers were exported from Russia, which is 

the primary range state the Amur tiger still inhabits. As the main part was imported by Thailand, where 

the intention and validity of some zoos have been questioned, an investigation on source would be 

interesting. 

One could speculate in the possibilities of specimens from the other five cats produced in captivity 

entering the illegal trade, now that the trade volumes are so low, and hereby given the need of breeding 

females per year being low. All the species was found on sale in markets in both Thailand and Myanmar 

(Oswell 2010), where leopard and clouded leopard was observed most frequently. The tiger came in 

third. Concerns have risen of the other species taking over for tigers, where leopard is the most common 

substitute for tiger bone (Nowell 2000). When supply of tiger parts decrease the contribution of other 

species in the trade rise (Nijman and Shepherd 2014). Clouded leopards have also been found in captive 

tiger facilities (D’Cruze and Macdonald 2015), and the same study showed indications of laundering of 

clouded leopards. D’Cruze and Macdonald (2015) reported a shift in the trade of live the clouded 

leopards, where transactions from unspecified sources for zoological purposes switched to captive bred 

animals for commercial purposes. Our results could not confirm their findings, because we focused our 

analysis on exports, whereas D’Cruze and Macdonald (2015) reported the shift from import data. This 

suggests clear discrepancies between import and export data, where many exports are not reported by the 

importer, but also many exports only reported by the importer. If a transaction is not reported by both the 

country exporting and the country importing, it can give incorrect estimates of trade volumes. It can also 

cause very different analysis regarding forms of trade, source, and who the big imports and exporters are. 
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We see an example of this here, but it is most certainly also the case for many other species, and should 

be further investigated. 

Commercial trade is prohibited in Appendix I species, but it is in most cases legal for captive bred 

specimens, if they are registered in as a captive breeding operation in CITES. There is substantial trade 

of live tigers for commercial purposes each year, but also smaller quantities of live snow leopard and 

leopard produced in captivity are traded for commercial purposes. Even though commercial trade is 

present, there are no CITES registered captive-breeding operations for any of the assessed species. 

CITES state that if there is no reference in the register of a Party, it means the Party has not registered 

any captive-breeding facility with the Secretariat. Furthermore, the import for commercial purposes of 

Appendix I species should not be authorized, if the specimens were not produced in a registered breeding 

operation in the register (CITES 2018b). Without registered breeding facilities, Germany exported 36 

out of the 107 live tigers traded for commercial purposes. From CITES’ phrasing, it is the importer, who 

should not authorize the import. The biggest importer was The United Arab Emirates with 20 individuals, 

followed by Pakistan with their import of 14 individuals. In the area around the Persian Gulf the wealthy 

elite keep big cats as exotic pets, showing off both wealth and power (Elwazer 2012; VICE 2015). Many 

are smuggled to the Middle East from East Africa, and the authorization of the import from non-

registered breeding facilities, does not seem like it is denied. In 2017 The United Arab Emirates put a 

ban on private owners keeping wild animals as pets (BBC 2017), it will show in the future whether it has 

an effect on the trade reported to CITES. 

For both tigers and leopards, there is a significant proportion traded for circus/travelling exhibitions. A 

permit for crossing borders with a circus or travelling exhibition can be required. It is due for multiple 

uses and should only appear in the annual report the year it is issued (CITES 2017c). This makes it 

difficult to determine whether the trade occurring is a circus or travelling exhibition crossing a border, 

or if the animals are traded on to a different facility. For the leopard we found Russia being the biggest 

exporter and Kazakhstan the biggest importer of live leopards for circus/travelling exhibition. Central 

America also imported a large proportion of leopards for that purpose. The United States imported most 

of the tigers for circus/travelling exhibitions, but also Russia imported a significant proportion. Central 

America was the biggest exporter, where Mexico was the biggest exporting country. To better determine 

whether it is crossing of borders or trade, a closer look on each trade record is needed. When the countries 
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are distant, it seems unlikely that it is a circus or travelling exhibition crossing the border, as we see with 

biggest importers and exporters for the tiger. A travelling exhibition from Central America would less 

likely travel to Russia. 

The CITES trade database only provides data on whether the source us captive, but not if the specimens 

come from a zoo, breeding facility, circus, etc. To provide this kind of information would help to track 

the trade of specimens for both zoos, commercial purposes and circus/travelling exhibitions. The rules, 

which apply to being a zoo, are very different across the world, and there are big differences in quality 

of zoos, also appointed by the CITES Tiger Mission Technical Team (CITES Secretariat 2004). With the 

addition of more detailed source information, it would be possible to see if the trade to a zoo was a 

transfer from another zoo, and if the zoos were part of a cooperation working for conservation as the 

World Association of Zoos and Aquariums (WAZA) (World Association of Zoos and Aquariums 2018). 

It would also be possible to see if the zoo was supplied by breeding farms, where exactly the specimens 

for commercial trades came from, when there are no registered breeding facilities, and if the records 

regarding circus/travelling exhibitions refer to a crossing of a border or a supply to an exhibition. 

Our analysis showed large peaks in trade volumes in some years for the clouded leopard, Amur tiger, 

snow leopard, tiger, and leopard. This is due to trade of wild specimens for scientific purposes. These 

often happens in single transactions of very high quantities. As we only include exports and no re-exports, 

it is newly acquired specimens from the wild, and could have severe effects on the survival of wild 

populations. The term specimens is broad, and with no unit given, it is difficult determining what the 

amount traded is equal to in individuals. We chose to count them as individuals, as hair samples should 

be given the term hair, blood samples should include a unit in e.g. mL or be given the term derivatives, 

and so on. We do however acknowledge that reporting not always is consistent, resulting in incorrect 

estimates. As an example given, the single transaction of 164 wild Amur tigers occurring in 2011 seem 

impossible given the low population numbers left in Russia. A tightening on the reporting of terms and 

units would give a much better estimate on trade volumes. CITES registers scientific institutions which 

are entitled to exemption of the rules of commercial trade between scientists or scientific institutions 

(Article VII) (CITES 1973). With the addition of source information, it would be possible to see which 

institutions they are traded from and to where, and if they are registered scientific facilities. The CITES 

Tiger Mission Technical Team also found occurrences of significant commercial aspects in trades 
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determined for scientific purposes (CITES Secretariat 2004), and others have found skins commercially 

sold when intended for educational purposes at Universities or scientific purposes (Environmental 

Investigation Agency 2013). If the scientific purpose is used to launder wild caught Asian big cats, it will 

largely go unnoticed, but can have severe effects on the conservation of these six species. 

The overall trade was significantly greater for the leopard, than for any of the other species. It was the 

only species, with a constant trade of wild specimens occurring in all years. Even though commercial 

trade in leopards is prohibited, CITES recognizes the population is healthy in some areas, allowing 

hunting trophy quotas (CITES 2013b). The countries with allowed hunting quotas are African countries, 

and even though our focus is on Asian big cats, our analysis found trade in hunting trophies to be so 

extensive that we chose to assess it further. The two countries exporting most trophies, Zimbabwe and 

Tanzania, have quotas of 500 trophies per year. They were followed by Namibia, holding a quota of 250 

per year, and South Africa, holding a quota of 150 per year. Ethiopia is the only other country besides 

Zimbabwe and Tanzania holding a quota of 500 leopard trophies per year, but they only reported to 

export ten in the whole period of 2005-2015. As CITES recognized the trophies may not be exported the 

same year as the actual hunt, the average quantity of trophies traded per year in the years 2005-2015 does 

not exceed the allowed quotas for any of the countries. To produce this average quantity, we estimated a 

need of 6358 breeding female leopards present per year. Zimbabwe, as the biggest exporter, exported 

5092 trophies in the ten-year period (2005-2015), which means Zimbabwe would need an estimated 1552 

breeding female leopards to provide the needed offspring per year. With no reliable estimations on the 

population size in Zimbabwe (Lindsey and Chikerema-Mandisodze 2012) it is very hard determining if 

1552 fertile females are present each year. 

To sustain a wild population capable of yielding new specimens for hunting, a turnover needs to be 

considered, and new individuals need to be allowed to enter the population. Female leopards show 

reproductive senescence, and will have a lower reproductive output as they age. For hunting trophies, 

you would also expect a need for the leopard to grow to a certain size. Additionally there are no reliable 

estimates on the numbers of mature individuals in any of the range States in Africa. With the 

uncertainties, it seems difficult to determine whether an average removal of 746.73 leopards per year 

across the countries in Africa is sustainable, but studies suggested that leopards are over-harvested and 

trophy hunting is a key driver in the decline (Balme et al. 2009; Pitman et al. 2015). There are also 
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occurrences of non-reported illegal hunting (Friedmann and Traylor-Holzer 2008) making the extraction 

even higher. 

We determined South Africa as the fourth biggest exporter of hunting trophies, but due to concerns, they 

have suspended leopard hunting for 2016, also Botswana made an effort and banned sport hunting (Stein 

et al. 2016). The extent of quotas is also discussed. Following the Conf. 10.14 (RevCoP16) CITES made 

quotas for 12 African countries. At the 17th meeting of the Conference of the Parties decision 17.114 to 

17.117 was taken. The Conference of the Parties requested the 12 Parties with quotas to review them in 

order to determine whether the levels are still non-detrimental to the survival of the species. The outcome 

will be discussed at the upcoming 30th Animal Committee meeting. It is very important that the quota is 

set individually for all the Parties. The extraction might be non-detrimental to the population in 

Zimbabwe, but a severe threat in Namibia. It is therefore difficult to look at the overall trade in Africa, 

and it should be assessed by country. The hunting trophy trade occur as a result of demand. Our analysis 

showed the United States importing just over half of the traded trophies, and with the lifted ban on 

elephant and lion trophies (Nuwer 2018), it does not seem like the demand in the United States is 

decreasing. 

Conclusion 

In the period 2005-2015, 2,273 live Asian big cats labeled as produced in captivity were reported 

exported in CITES annual reports. The main part referred to tigers, where the estimated need of fertile 

females per year of 146 is much lower than numbers known to exist in captive facilities. The estimated 

numbers of fertile females needed give no rise in concerns regarding laundering of wild-specimens as 

captive-bred in any of the six assessed species, but it did raise concerns in other aspects. The number of 

tigers in captive facilities have risen (Environmental Investigation Agency 2004), but we did not find a 

corresponding rise in trade of tigers produced in captivity. Given the rise in seizures, this finding supports 

the concern raised regarding legally captive bred tigers entering the illegal trade, and with the rise in 

other Asian big cats being used as substitute for tigers, this could cause an incentive to other Asian big 

cat species produced in captivity to enter the illegal trade. Research of where Asian big cats occur in 

captive facilities and numbers of them would help to track this development. Despite CITES’ demand in 

2007 to downscale tigers in captive facilities to a level only supporting conservation actions, the exported 

volumes have stayed fairly stable and our analysis showed that transactions of skins and trophies have 
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risen. Trade for commercial purposes also occurred at approximately same levels all years. A worrying 

find was that despite of 107 live tigers, eight live leopards, and four live snow leopards traded for 

commercial purposes in the last ten years (i.e. 2005-2015), there are no registered commercial breeding 

operations in CITES, and commercial trade should therefore not occur. 

Our analysis showed that zoos play a major role in the trade of Asian big cat species. For the Asiatic lion, 

clouded leopard, Amur tiger, snow leopard, and leopard it was the most common purpose for captive 

produced live individuals. As there are different quality levels of zoos, and concerns that some 

institutions exploit the registration as a way to trade wildlife (CITES Secretariat 2004), attention should 

be payed to the further progress of this. The same goes for trade for scientific purposes and 

circus/travelling exhibitions. Circus/travelling exhibition is the most common purpose for transactions 

of tigers, but very little information on circus/travelling procedures is available. Our analysis showed that 

trade for scientific purposes often were large single transactions of wild specimens. The term ‘specimens’ 

can be interpreted in different ways, making it hard to estimate exact number of individuals, and there 

are no information of type of scientific facility available in the database. It makes it difficult to determine 

intentions and extent of the trade. Transparency in source details in the database and tightening of 

reporting procedures would help this cause. 
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Appendix 

Appendix 1 All terms and units and their unique combinations for the six Asian big cat species: Asiatic lion, clouded leopard, snow 
leopard, Amur tiger, tiger and leopard 

 

Term Units Term Units Term Units Term Units Term Units Term Units

bodies none bodies none bodies none bodies none bodies none bodies none

bone pieces none bone carvings none carvings none bones none, kg bone carvings none, g bone carvings none

carvings none carvings none garments none carvings none bone pieces none bone pieces none

claws none claws derivatives none hair none derivatives none, flasks, kg bone products none, kg bone products none

derivatives none feet none leather items none hair none bones none, g, kg bones none

live none garments none live none live none carvings none carvings none

plates none

leather products 

(small) none meat pieces rug none claws none claws none

skeletons none live none skeletons none skins none derivatives

none, bags, 

bottles, boxes, 

cartons, flasks, g, 

items, kg, l, mg, 

ml, shipments cloth none

skins none plates none skins none skulls none extract none, ml derivatives

none, bags, 

boxes, cartons, 

g, kg

skulls none skeletons none skulls none specimens none, g, kg, ml feet none feet none

specimens none, ml skin pieces none specimens

none, flasks, 

g, kg, ml teeth none garments none garments none

trophies none skins none teeth none trophies none genitalia none hair none, kg

skulls none trophies none unspecified none hair none, g, kg hair products none

specimens

none, cm, cm3, 

flasks, g, ml unspecified none ivory carvings none ivory carvings none

trophies none leather items none leather items none

unspecified none

leather products 

(small) none

leather products 

(small) none

live none, kg

leather products 

(large) none

meat none, g live none

medicine none, g, ml meat none

musk none medicine none, kg

oil none musk none

plates none oil l

powder none plates none

rug none rug none

skeletons none shoes none

skin pieces none skeletons none

skins none skin pieces none, g, kg

skulls none skin scraps none, kg

specimens

none, cm, cm3, 

flasks, g, kg, ml skins none, kg

tails none skulls none, kg

teeth none specimens

none, cm, cm3, 

flasks, g, kg, ml

trophies none tails none

unspecified none, kg teeth none, g

trophies none, kg

unspecified none

LeopardAsiatic lion Clouded leopard Snow leopard Tiger Bengal tiger
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Appendix 2 Data on litter size, litters per year from the three databases AmnioteLHDB, AnAge, and Pantheria, and estimated offspring 
per year when assuming 100 % mating success and 0 % cub mortality, for the five species: clouded leopard, snow leopard, leopard, tiger, 
and lion 

 

Appendix 3 Purpose and corresponding trade volume for the six Asian big cat species: Asiatic lion, clouded leopard, snow leopard, Amur 
tiger, tiger and leopard in the years 1975-2015.  

 

Scientific name

estimated 

offspring_per_year

Litter_size Litter_pr_year Litter_size Litter_pr_year Litter_size Litter_pr_year

Neofelis nebulosa 2 , 2.47 NA 2 NA 2.25 NA 2.18

Uncia uncia 2 1 2 1 2.12 1 2.04

Panthera pardus 2 , 2.38 0.82 , 0.83 2 0.82 2.14 1 , 0.77 1.80624

Panthera tigris 2.5 , 2.57 0.4 2.5 0.4 2.6 0.44 1.0509

Panthera leo 3 , 2.9 , 2 1 , 0.66 , 0.56 3 1 , 0.56 2.75 0.5 1.9474

AmnioteLHDB AnAge Pantheria

Purpose Asiatic lion Clouded leopard Amur tiger Snow leopard Tiger Leopard Total

B 6 19 15 39 173 87 339

E 1 6 11 1 66 107 192

H 0 0 1 5 15 17366 17387

L 0 0 0 0 4 6 10

M 0 0 0 1 0 5 6

N 0 0 0 0 1 18 19

P 2 1 14 5 252 2015 2289

Q 45 6 395 17 5620 786 6869

S 26 291 611 1250 1664 6783 10625

T 5 51 144 43 1758 4038 6039

Z 78 102 299 280 1258 595 2612

NA 41 454 225 168 1330 6157 8375

Total 204 930 1715 1809 12141 37963 54762
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Appendix 4 Purpose and corresponding trade volume for captive produced specimens of the six Asian big cat species: Asiatic lion, clouded 
leopard, snow leopard, Amur tiger, tiger and leopard in the years 1975-2015. 

 

Purpose Asiatic lion Clouded leopard Amur tigerSnow leopard Tiger Leopard Total

B 6 16 15 33 158 73 301

E 0 2 8 0 18 5 33

H 0 0 0 0 1 20 21

L 0 0 0 0 0 0 0

M 0 0 0 0 2 2

N 0 0 0 0 1 0 1

P 0 0 12 0 83 23 118

Q 32 1 165 3 2600 369 3170

S 8 201 85 91 489 987 1861

T 4 38 96 32 1314 244 1728

Z 54 57 227 233 1039 451 2061

NA 27 23 137 98 726 306 1317

Total 131 338 745 490 6429 2480 10613
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Abstract 16 

Aquatic ecosystems are indispensable for life on earth and yet despite their essential 17 

function and services roles, marine and freshwater biomes are facing unprecedented 18 

threats from both traditional and emerging anthropogenic stressors. The resultant 19 

species and ecosystem-level threat severity requires an urgent response from the 20 

conservation community. With their care facilities, conservation breeding expertise 21 

and public communication reach, stand-alone aquariums and zoos holding aquatic 22 

taxa have great collective potential to help address the aquatic biodiversity crisis. 23 

However, uncertainty regarding the number of species kept in such facilities hinders   24 

assessment of their conservation value. Here we analyzed standardized and shared 25 

data of zoological institution members of Species360, for fish and Anthozoa species 26 

(i.e. Actinopterygii, Elasmobranchii, Holocephali, Myxini, Sarcopterygii and 27 

Anthozoa). To assess the conservation potential of populations held in these 28 

institutions, we cross-referenced the Species360 records with prioritization schemes 29 

such as the Convention on the International Trade of Endangered Species of Fauna 30 

and Flora (CITES), the IUCN Red List, Climate Change Vulnerability, Evolutionary 31 

Distinct and Globally Endangered (EDGE) and The Alliance for Zero Extinction 32 

(AZE). We found that aquariums hold four of the six fish species listed by the IUCN 33 
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Red List as ‘Extinct in the Wild’, 31% of Anthozoa species listed by Foden et al. 34 

(2013) as Vulnerable to Climate Change, 19 out of the 111 Anthozoa EDGE species, 35 

and none of the species prioritized by the AZE. However, it’s very likely that 36 

significant additional species of high conservation value are held in aquariums that do 37 

not manage their records in standardized, sharable platforms such as Species360. Our 38 

study highlights both the great value of aquarium and zoo collections for addressing 39 

the aquatic biodiversity crisis, as well as the importance that they maintain 40 

comprehensive, standardised, globally-shared taxonomic data. 41 

 42 

Keywords 43 

Animal Records, Aquariums, Conservation, Coral, Fish, Species360 44 

 45 

Introduction 46 

Healthy aquatic ecosystems are essential for biodiversity and humanity alike, but 47 

freshwater and marine biomes are experiencing increasingly severe threats to their 48 

species and at ecosystem level (Millennium Ecosystem Assessment 2005, The Ocean 49 

Conference, 2017). Freshwater habitats cover less than 1% of the world’s surface and 50 

yet contain 7% (126 000) of the estimated 1.8 million described species, including 51 

25% of the estimated vertebrates (Vié et al. 2009). This vertebrate component 52 

includes ~40% of the known global fish diversity (Allan et al. 2005) with new species 53 

being discovered each year. Despite their important ecosystem service roles and 54 

biological richness, freshwater habitats are being degraded by human activity, which 55 

is leading to an extinction crisis. The United Nations Environment Program’s 56 

Millennium Ecosystem Assessment report (Millennium Ecosystem Assessment 2005) 57 

states that inland water ecosystems are in worse condition overall than any other 58 

broad ecosystem type, and estimates that about half of all freshwater wetlands 59 

(excluding lakes, rivers, and reservoirs) have been lost since 1900. The degradation 60 

and loss of inland water habitats and species is driven by water abstraction, 61 

infrastructure development, land conversion in the catchment, overharvesting and 62 

exploitation, introduction of exotic species, eutrophication and pollution, and global 63 

climate change (Hassan et al. 2005). These stressors are increasingly threatening the 64 

viability of entire freshwater systems and their dependent biodiversity (Dudgeon 65 

2010; Dudgeon et al. 2006; Kundzewicz et al. 2007). 66 
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 The marine biome is also severely impacted by human activities, which are 67 

observable at species, ecosystem, and biophysical levels. Reid et al. (2009) detail the 68 

many and diverse direct and indirect anthropogenic impacts acting on the marine 69 

environment and their consequences for biodiversity and human well-being. These 70 

include habitat alteration and loss, disturbances leading to mortality of marine life, 71 

pollution, disease, nutrient overloading, changes in salinity, sea-level, ocean heat 72 

content and sea-ice coverage, deoxygenation and ocean acidification. 73 

 Addressing the aquatic biodiversity crisis requires concerted engagement 74 

across all relevant agencies and organizations. Stand-alone aquariums and zoos 75 

holding aquatic taxa (from here on both are included in the term aquarium) fill a 76 

diverse range of roles (Barongi et al. 2015; Conde et al. 2011; Fa et al. 2011; Gusset 77 

and Dick 2010; Penning et al. 2009; Pritchard et al. 2012; Stanley Price et al. 2007). 78 

With more than 700 million visitors worldwide every year, technical expertise, 79 

physical and financial resources, these organizations are uniquely placed to help 80 

protect and understand biodiversity (Gusset and Dick 2011). 81 

Like the wider zoo community, aquariums range from leading research and 82 

conservation facilities to purely commercial organizations. In addition to their 83 

potential for public awareness-raising and policy influencing, there are many 84 

specialist conservation and research possibilities including species threat assessments 85 

(Conde et al. 2011), conservation breeding, assisted colonization and reintroduction 86 

programmes (Conway 2011; Gilbert et al. 2017), bio-banking, ecosystem monitoring 87 

and conservation support. 88 

Current freshwater fish conservation initiatives, such as FishNet (Koldewey et 89 

al. 2013), highlight the potential of aquariums for providing both in situ and ex situ 90 

species conservation assistance. Aquarium based research into coral propagation is 91 

another example of the valuable contribution that these facilities can provide (Craggs 92 

et al. 2017). However, an appreciation of their conservation role needs to be better 93 

understood and acted upon if their full potential is to be realized (Gilbert and Soorae 94 

2017). Aquariums can provide important information on basic biology and life history 95 

traits as well as genetic reservoirs for species threatened with extinction in the wild 96 

(Moss et al. 2015). These institutions have the potential to be important contributors 97 

to bio-banking initiatives such as the Frozen Ark cryopreservation programme 98 

(http://www.frozenark.org/). Moreover, aquarium staff often possess wide-ranging 99 

species knowledge which, coupled with in situ and ex situ conservation management 100 
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expertise and institutional financial commitment, allows the creation of diverse 101 

partnerships that makes the aquarium community well placed to respond to aquatic 102 

conservation challenges. For instance, aquarists’ knowledge on life histories of 103 

species can inform threat evaluation of species for which data on wild populations is 104 

not available. 105 

The conservation potential of aquarium populations is compromised by a 106 

current lack of readily available information of the total number of species held. 107 

Although one population in a single aquarium can have a critical role for the 108 

conservation of a species, the interaction among different institutions through 109 

standardized shared animal records is often essential for optimal population 110 

management and for informing the prioritization for species conservation assistance. 111 

For terrestrial species, Conde et al. (2011) showed that zoo members of the 112 

Species360 network hold one in every seven threatened species (15%), but the same 113 

kind of information is currently unavailable for aquatic species. Addressing this 114 

knowledge gap is essential for a comprehensive assessment of the importance of 115 

aquariums for ex situ conservation. The conservation potential of animals held in 116 

aquariums can be optimized when combined with species threat assessments and 117 

prioritizations schemes, such as (1) their CITES designation (CITES 1973), (2) their 118 

IUCN threat status (Baillie et al. 2004), (3) their vulnerability to climate change 119 

(Foden et al. 2013), (4) their evolutionary distinctiveness (EDGE 2017), and (5) their 120 

prioritization in the Alliance for Zero Extinction (AZE 2013). To further inform the 121 

conservation potential of populations held in aquariums and demonstrate the 122 

importance of global standardized shared animal record keeping, here we analyzed 123 

how many species of the Chondrichthyes and Osteichthyes fishes and the Anthozoa 124 

corals and anemones (hereafter ‘corals and anemones’ refers to corals and anemones 125 

of the class Anthozoa) are represented among those species prioritization schemes. 126 

Based on our results, we provide some recommendations to support the decision-127 

making process for current and potential new ex situ species conservation 128 

programmes in aquariums. 129 

 130 

Aquatic species under human care 131 

Populations of high conservation value are usually managed in studbooks to ensure 132 

their genetic variability and demographics (collection of continuously updated data 133 

relevant to the captive population of a species (WAZA 2018)). However, aquariums 134 
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have generally been slower to manage their populations due to the complexities and 135 

lack of protocols for group management in the way that most aquatic species are kept. 136 

For instance there are only 26 studbooks for two classes of fish species (i.e. 137 

Actinopterygii and Elasmobranchii) and none for corals or anemones, while there are 138 

704 studbooks for the mammals, birds, reptiles and amphibians across five regions 139 

[i.e. EAZA (European Association of Zoos and Aquaria), AZA (American 140 

Association of Zoos and Aquariums), PAAZA (African Association of Zoos and 141 

Aquaria), ALPZA (Latin American Zoo and Aquarium Association) and ZAA 142 

(Australasian region Zoo and Aquarium Association)] (Hedeager in prep.; Hedeager 143 

2018). In the case of fish, coral and anemone species, the collection of wild specimens 144 

by aquariums is still a relatively common practice. There are a number of reasons for 145 

this, including difficulties in breeding some species in captivity, added costs 146 

associated with captive breeding and the wide availability of animals via established 147 

commercial ornamental fisheries. For many aquariums the requirement to establish 148 

managed programmes for aquatic species was shadowed by efforts to learn 149 

technologies to aid aquarium system management. An increasing number of 150 

aquariums are realizing significant ex situ breeding success across a wide range of 151 

taxa and developing managed programmes for several species of threatened fish. 152 

Gradually, aquariums are also beginning to follow best practices for sustainable 153 

harvesting of wild animals that can provide in situ conservation benefits. For 154 

example, the project Piaba in Brazil (Piaba 2017) aims to create a sustainable supply 155 

of wild-caught ornamental fishes, which provides a livelihood for local communities 156 

and encourages good management of fish stocks. However, zoos focusing on 157 

terrestrial species have been significantly more restricted to ensuring the genetic 158 

viability of their populations by not importing animals from the wild. This is partly 159 

the result of increased numbers of zoos focusing on conservation goals and the strict 160 

regulations imposed by the Convention on International Trade of Endangered Species 161 

of Wild Fauna and Flora (CITES). On the other hand, aquariums have not faced the 162 

same limitations partly due to a historical focus on terrestrial species by CITES. 163 

 164 

Convention on International Trade of Endangered Species of Fauna and Flora 165 

(CITES) 166 

To help address overexploitation of natural populations and ensure species survival in 167 

the wild, several states and regional economic integration organizations (referred to as 168 

247



 6 

Parties) joined in 1973 to create CITES. Today 183 Parties are bound by CITES, an 169 

international agreement to regulate international trade in plants and animals and their 170 

products. CITES lists a species when it is either endangered with extinction or when 171 

the international trade affects its population’s sustainability. However, to date, there 172 

are only 147 aquatic species listed in CITES (CITES 2017). This is of concern since 173 

the sustainability of many aquatic species is threatened by international trade. This 174 

includes some species of sharks and tuna, which are currently unsustainably harvested 175 

and traded (Clarke et al. 2006). Here we analyzed which species in aquariums are 176 

indexed in CITES and its overlap with other prioritization schemes, such as the IUCN 177 

Red List. 178 

  179 

International Union for Conservation of Nature (IUCN) Red List 180 

The International Union for Conservation of Nature’s (IUCN) Red List assesses the 181 

threat status of species by their extinction risk. Although Red List assessment of 182 

aquatic taxa is still incomplete, of the 67 assessed bony fish, six were found to be 183 

‘Extinct in the Wild’ (EW) (IUCN 2017). The representation of these species in 184 

aquariums illustrates the conservation role that aquariums have in preventing species 185 

extinction and providing the opportunity for such species to be safely returned to the 186 

wild. However, other threatened criteria are important, such as populations of species 187 

described as ‘Critically Endangered’ (CR), which if managed properly, could support 188 

conservation programmes in the wild. While exploring the representation of other 189 

IUCN Red List categories is crucial, we would like to emphasize the importance of 190 

species listed as ‘Data Deficient’ (DD) in aquariums. This is because there are a great 191 

number of aquatic species that have been reviewed by the IUCN Red List, but a lack 192 

of knowledge prevents an accurate listing for these species. This is partly due to 193 

taxonomic uncertainty (Butchart and Bird 2010), which prevents cataloguing a 194 

species in a threatened status. Some of these species might already be threatened and 195 

at risk of extinction before there is enough information to list them under a threatened 196 

category. For example, Bland et al. (2015) estimated that 63.5% of all DD mammals 197 

were threatened with extinction and have smaller geographical ranges than species 198 

with sufficient data for the IUCN Red List assessment. The same was shown for 199 

amphibians, in which DD species are more threatened with extinction than their data 200 

sufficient counterparts (Howard and Bickford 2014). Therefore, here we analyzed the 201 
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number of species in aquariums within the IUCN Red List categories and highlighted 202 

not only the number of threatened species but as well those listed as DD.  203 

Despite the importance of the IUCN Red List to explore the conservation 204 

potential of populations held in aquariums, there are other criteria that should be 205 

considered. For example, a species listed as ‘Least Concern’ (LC) may not be given 206 

immediate conservation attention, despite being at risk from climate change, if it has 207 

not been reassessed in recent years or is susceptible to rapid declines or thresholds. 208 

Failure to identify such species threatens their survival and undermines the role that 209 

aquariums can play in protecting them (Martin et al. 2012; Pearce‐Kelly et al. 2013). 210 

 211 

Species’ Vulnerability to Climate Change 212 

IUCN’s Trait-based Assessment of Species’ Vulnerability  to climate change (VCC) 213 

(Foden et al. 2013) is  produced estimates the relative vulnerability of all birds, 214 

amphibians, and corals globally. Relative scores of high and low vulnerability were 215 

based on the species’ exposure to climatic change (e.g. ocean temperature and acidity 216 

changes), in combination with their inherent sensitivity (i.e. their ability to persist and 217 

cope) and adaptive capacity (i.e. their ability to escape or adapt). Sensitivity and 218 

adaptive capacity were assessed based on the species-specific ecological, distribution, 219 

morphological and life history traits that exacerbate or mitigate the impacts of climate 220 

change (Carr et al. 2013; Foden and Young 2016; Gardali et al. 2012; Young et al. 221 

2012). Populations of species that are vulnerable to climate change and are held in 222 

aquariums can provide valuable information on biological traits (e.g. demography, 223 

physiology, reproductive biology and environmental tolerances), including through 224 

observations of their sensitivity to environmental stresses. These may in turn inform 225 

conservation responses and provide important ‘insurance’ populations. Here we 226 

assess how many Anthozoa species in Species360 member aquariums have formally 227 

been assessed as highly vulnerable to climate change. 228 

 229 

Evolutionary Distinct and Globally Endangered (EDGE) 230 

When looking at conserving evolutionary uniqueness, the EDGE score of a species is 231 

critical. The EDGE score represents both the amount of evolutionary history and the 232 

threat level of a species (Isaac et al. 2012; Isaac et al. 2007). EDGE species are those 233 

that in addition to having been formally assessed as threatened [‘Vulnerable’ (VU), 234 

‘Endangered’ (EN) and ‘Critically Endangered’ (CR)] by the IUCN Red List 235 
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assessment process are phylogenetically distinct from their closest  related surviving 236 

species (EDGE 2017). EDGE relatively score has only been developed for the classes 237 

Mammalia, Amphibia, Aves, Reptilia (Gumbs et al. 2018) and Anthozoa. Here we 238 

looked at EDGE species, but also species with high Evolutionary Distinctiveness 239 

(ED) that are ‘Least Concerned’ or ‘Near Threatened’. 240 

 241 

Alliance for Zero Extinction 242 

Species at the tipping point of extinction are those assessed by the Alliance for Zero 243 

Extinction (AZE). AZE is a consortium of conservation-oriented organizations with 244 

the goal to ensure the survival of ‘Critically Endangered’ (CR) and ‘Endangered’ 245 

(EN) species that are restricted to single sites (Ricketts et al. 2005). There are 920 246 

species in the AZE list distributed among 588 sites globally for mammals, birds, 247 

amphibians, reptiles, conifers and reef-building corals. There are only two AZE listed 248 

coral species: Porites pukoensis from Molokai Island, US and Siderastrea glynni from 249 

Uraba Island, Panama (AZE 2013). 250 

 251 

Aquariums and Anthozoa 252 

Tropical coral reef ecosystems occupy less than 0.1% of the ocean floor but provide 253 

habitat for at least 25% of known marine species (Fisher et al. 2015; Hoegh-Guldberg 254 

et al. 2017). Although corals play a key role in the maintenance of marine’s 255 

biodiversity, in 1998 58% of the global corals were threatened by human actions 256 

(Bryant et al. 1998). Furthermore, 25% of corals have been destroyed or severely 257 

damaged by the effects of climate change  (Heron et al. 2017; Roberts et al. 2002). 258 

The loss of corals severely impacts associated biodiversity, including sharks, bony 259 

fishes, sea turtles and sponges. Climate change, intensive fisheries, pollution and the 260 

wildlife trade present major threats to corals. From 2003 to 2013, corals constituted 261 

98% of the total trade of live animal specimens from Indonesia to the Netherlands 262 

(Janssen and Blanken 2016). Aquariums are already playing a key role by providing 263 

knowledge and expertise in coral reproduction and restoration techniques in natural 264 

habitats. Some examples include the SECORE International initiative (SECORE 265 

2017) in which a collaboration between aquariums and researchers are working to re-266 

establish ‘Critically Endangered’ (CR) stony corals in the Caribbean Sea and also the 267 

work of Taronga Zoo, Australia (Hagedorn et al. 2012) with the cryopreservation of 268 

two species with enough genetic material for the production of over 200 million 269 

250
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colonies. Craggs et al. (2017) provide a further example of the important role 270 

aquariums can play in advancing coral spawning capability and associated production 271 

of potentially more climate change resilient populations. However an assessment of 272 

the overall value of aquariums for coral conservation is seriously compromised by a 273 

current lack of available information on total species numbers held worldwide. 274 

Because of the current concern on coral reefs, we gave a special focus to this group to 275 

better explore and identify the potential of aquariums to help conserve these taxa. 276 

 277 

Materials and Methods 278 

To assess the number of aquatic species in aquariums, we used data from the 279 

Species360 organization that manages the Zoological Information Management 280 

System (ZIMS) (ZIMS 2017), a real-time international database used by 1111 281 

aquariums and zoos (Species360 2017). We analyzed species holdings of the 594 282 

member institutions which report to have species belonging to the fish classes of 283 

Actinopterygii (ray-finned fishes), Elasmobranchii (cartilaginous fishes such as sharks 284 

and rays), Holocephali (chimeras), Myxini (hagfishes), Sarcopterygii (lobe-finned 285 

fishes) and in one class from the Cnidaria phylum, Anthozoa (corals and anemones). 286 

We excluded 6% of the records (2819 out of 44 884) because they referred to groups 287 

of individuals. Of these, 2 441 records referred to species (1 343 different species), 288 

315 to genus, 25 to families, 19 to subspecies, 8 to order, 7 to domestic, 3 to subclass, 289 

and 1 to class. Only for Anthozoa, we excluded a total of 13% of the records, 290 

comprising 276 species due to reporting only at a group level without precise 291 

counting of number of individuals. 292 

In order to determine the conservation potential of aquariums we compared 293 

the species from the selected aquatic taxa in ZIMS with the (1) CITES species index 294 

(CITES 1973), (2) the IUCN Red List (IUCN 2017), (3) Vulnerability to Climate 295 

Change (Foden et al. 2013), (4) EDGE (EDGE 2017) and (5) AZE (AZE 2013). We 296 

further calculated the total number of individuals in the entire Species360 network. 297 

For some species, the number of individuals is not recorded because they are 298 

managed as groups or colonies, ranging from approximately 2 to hundreds of 299 

thousands of individuals, depending on the species and management strategies. Due to 300 

the complexities to interpret the number of individuals by groups we did not include 301 

groups in our analysis. 302 

 303 

251



 10 

Convention on International Trade of Endangered Species of Fauna and Flora 304 

(CITES) 305 

Species listed in CITES were indexed in three different appendices. In the Appendix I 306 

are species that are threatened with extinction and in which trade is not permitted, 307 

except in special circumstances such as scientific research. In appendix II are species 308 

which trade should be controlled in order to promote sustainable trade, and in the 309 

Appendix III are species protected in at least one country and, consequently, should 310 

be treated with special concern from all parties (CITES 1973). Here we analyzed the 311 

number of species in each appendix for each of the target assessment classes. 312 

 313 

International Union for Conservation of Nature (IUCN) Red List 314 

The IUCN Red List status provides a species-specific indication of the globally 315 

threatened status, by listing species in different categories (Baillie et al. 2004). 316 

Species no longer exist as their last individual has died are categorized as ‘Extinct’ 317 

(EX) and species that have disappeared from the wild but still have representatives in 318 

captivity are classified as ‘Extinct in the Wild’ (EW). Species in the categories of 319 

‘Critically Endangered’ (CR), ‘Endangered’ (EN) or ‘Vulnerable’ (VU) are referred 320 

as threatened. Species that are close to meeting a threatened threshold but evaluated to 321 

have a low risk of extinction are considered as ‘Near Threatened’ (NT), and ‘Least 322 

Concern’ (LC). Species can also be catalogued as ‘Data Deficient’ (DD) when there is 323 

not enough information for their evaluation (IUCN 2017). 324 

 325 

Climate Change Vulnerability / EDGE / AZE /  326 

Most of the data for marine species assessed for Vulnerability to Climate Change by 327 

Foden et al. (2013) were of the Scleractinian order. Although the IUCN Red List 328 

investigates threats related to climate change, the Foden et al. (2013) assessment 329 

identified species that might not yet be threatened but can potentially become at risk 330 

in a near future due to climate change. We looked at whether focal species were 331 

categorized as of high and low vulnerability to climate change. 332 

Data for species listed in EDGE and AZE were only available for the 333 

Scleractinian corals of the class Anthozoa. We considered as EDGE all the species 334 

with an evolutionary distinctiveness (ED) score equal or bigger than the mean 335 

(5.176730086) of all assessed species, according to EDGE (2017), independently of 336 

the species IUCN Red List category.  337 
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 338 

Taxonomic Standardization  339 

To standardize taxonomic names across the six different data sources, we used the 340 

accepted scientific name according to Catalogue of Life (CoL) (Hopkins et al. 2015). 341 

Subspecies for which the accepted scientific name (i.e. genus and epithet) were not 342 

found or when the species was not specified in the database were not considered in 343 

this study. We automatically retrieved the IUCN threat status (IUCN 2017) and 344 

scientific names using the taxize (Chamberlain and Szöcs 2013) R package (R team 345 

2008), which searches for accepted names based on synonyms and fuzzy matching 346 

names. We manually searched for the species names that could not be retrieved 347 

automatically. 348 

We mapped aquarium geographical locations by their associated species 349 

IUCN threat category using the R package ggmap (Kahle and Wickham). In the case 350 

of aquariums holding more than one species, only the species with the highest IUCN 351 

Red List threat status (more threatened with extinction) was plotted to give an 352 

overview of the geographical location of the institutions that hold threatened species. 353 

We generated a Venn diagram with the web tool from Bioinformatics & Evolutionary 354 

Genomics (2018). For the rest of the maps and plots we used R (R team 2008) 355 

 356 

Recommendations for species prioritization 357 

For fish species, we generated a list of targeted species for species prioritization. It 358 

consisted on the IUCN Red List status and the species already represented in the 359 

Species360 network, including those that are already being managed as a studbook in 360 

the regional association of EAZA (European Association of Zoos and Aquaria), AZA 361 

(American Association of Zoos and Aquariums), PAAZA (African Association of 362 

Zoos and Aquaria), ALPZA (Latin American Zoo and Aquarium Association) and 363 

ZAA (Australasian region Zoo and Aquarium Association). For corals and anemones, 364 

we provided a list of species based on the IUCN Red List, as well as how many of the 365 

species from the different threat categories overlap with a high Evolutionary 366 

Distinctiveness, AZE, and their vulnerability to climate change. For fish, we provided 367 

a list of conservation potential based on the number of species listed in CITES and 368 

with an active studbook. 369 

 370 

Results 371 
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The ZIMS database has records of 3 511 aquatic species for the six studied taxonomic 372 

classes. For this analysis, we were only able to retrieve the accepted scientific names 373 

of 96% of the species (3370), due to a combination of taxonomic conflict issues and 374 

genus level only taxa being recorded. The most represented taxa by the number of 375 

individuals in aquariums are that of the cartilaginous fishes (Elasmobranchii) 376 

although not the most species-rich (Table 1). The class with the highest number of 377 

species in aquariums is the ray-finned bony fish (Actinopterygii), with more than 378 

2000 species, representing ~9% of all the described species in this class. The 379 

Holocephali and Myxini, on the other hand, had the lowest percentage of the 380 

described species present in aquariums (Table 1).  381 

As shown in Figure 1, most of the aquariums are geographically located in 382 

temperate zones in Europe and America, while the natural distribution of many fish 383 

and corals is located in tropical areas. We found that 62% (367/594) of the institutions 384 

in this analysis have at least one threatened species under their care. 385 

 386 

Fish in aquariums 387 

From the fish species (of the classes Actinopterygii, Elasmobranchii, Holocephali, 388 

Myxini and Sarcopterygii) described in Catalogue of Life, 14% (3113/33342) are 389 

represented in Species360’s aquariums. Of the fish species listed in CITES, 34% 390 

(16/47) are within Species360 aquarium’s members (Table 2). Divided by IUCN Red 391 

List threatened categories we found that these aquariums hold four of the six (67%) 392 

fish species listed as ‘Extinct in the Wild’ (Cyprinodon alvarezi, Cyprinodon 393 

longidorsalis, Ameca splendens, Skiffia francesae) which have a mean population size 394 

of 637.75 (SD: 1044.025), with the biggest population of 2200 individuals, for the 395 

butterfly splitfin (Ameca splendens). However, aquariums do hold additional species 396 

whose assessments need updating that are also extinct in the wild, such as Cyprinodon 397 

veronicae. From the fish in aquariums, 8% (256 out of the 3 113 fish species in 398 

aquariums) are considered threatened by the IUCN Red List (i.e. ‘Vulnerable’, 399 

‘Endangered’ and ‘Critically Endangered’). Of the ‘Critically Endangered’ (CR) 400 

listed species 15% (56/387) are in aquariums, which represents only 2% (56 CR 401 

species out of the total 3113 species hold) of their fish collections. The largest 402 

populations of ‘Critically Endangered’ species are of blackfin tilapia (Sarotherodon 403 

linnellii) and the Tilapia deckerti, with 570 and 560 individuals, respectively. 404 

Aquariums collections are constituted of 2% (56/3113) of ‘Endangered’ species and 405 
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5% (126/3113) ‘Vulnerable’ species (Figure 2, Table S1 from Appendix 1). The most 406 

represented IUCN Red List category is ‘Least Concern’– 100% of the Holocephali 407 

and Sarcopterygii, 78% of the Actinopterygii, 67% of the Myxini, and 30% of the 408 

Elasmobranchii. Also, it is important to notice the proportion of ‘Data Deficient’ 409 

species in aquariums – 33% of the Myxini, 17% of the Elasmobranchii and 5% of the 410 

Actinopterygii (Figure 2, Table 1 from da Silva and Conde (2018)), with a mean 411 

population size of 102.9364 individuals (SD: 475.1134). There are 1249 species not 412 

yet assessed species by the IUCN Red List (Table S1 from Appendix 1) and they have 413 

the species with the highest population numbers recorded in aquariums (mean: 414 

100.823 SD: 427.755) (Figure 3). For example, the guppy, Poecilia reticulata, not yet 415 

assessed by the IUCN Red List is the species with the largest population registered in 416 

aquariums with 410 328 individuals. 417 

 418 

Corals and anemones in aquariums 419 

Aquariums hold, at least, 4% of the 6 407 coral species of the class Anthozoa 420 

described in Catalogue of Life (Table 1). CITES lists 27% (1704/6407) of the 421 

described Anthozoa corals, of which 9% (158/1704) are in Species360’s aquariums. 422 

There are 234 threatened coral and anemone species of which 14% (33/234) are in 423 

aquariums, accounting for 13% (33/257) of their Anthozoa collection. Two of the six 424 

species of ‘Critically Endangered’ species are in aquariums (i.e. Acropora palmata 425 

and Acropora cervicornis). Aquariums also hold 11% (3/28) and 14% (28/199) of all 426 

the species assessed as ‘Endangered’ and ‘Vulnerable’, respectively. For non-427 

threatened species, aquariums hold 23% (40/174) of ‘Near Threatened’, 26% (77/292) 428 

of the ‘Least Concerned’ and less than 1% of the ‘Data Deficient’ Anthozoa species 429 

(Table S1 from Appendix 1). Furthermore 24% of the 611 coral and anemone species 430 

assessed to be vulnerable to climate change are at least in one aquarium. Broken down 431 

by the two categories of high and low vulnerability zoos hold 23% and 24%, 432 

respectively, with the highest percentage of those listed as ‘Least Concerned’ [33% 433 

(74/224)] (Table 3). Aquariums in the Species 360 network hold 19 out of the 111 434 

Anthozoa coral species listed as evolutionary distinct (Table S1 from Appendix 1 for 435 

more details). 436 

 437 

Recommendations for prioritization 438 
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From the five zoological regions (i.e. EAZA, AZA, PAAZA, ALPZA and 439 

ZAA), only institutions part of EAZA and AZA have active studbooks for 440 

Elasmobranchii and Actinopterygii. We found that aquariums in the Species360 441 

network have 88% (23) of the 26 species with a studbook in the two mentioned 442 

regions. Of the species with a studbook that are not part of the Species360 network, 443 

one of them (Pristis pectinata) is listed in Appendix I of CITES (see Table 4 in Silva 444 

and Conde (2018) for more details). Seven species with a studbook are considered 445 

‘Critically Endangered’ by the IUCN Red List, with population sizes ranging from 2 446 

to 406 individuals. The least represented IUCN Red List status in a studbook if of an 447 

‘Endangered’ species (tiger river stingray- Potamotrygon tigrina) which has a 448 

population of 11 individuals. The biggest population with a studbook is of the 449 

‘Vulnerable’ lined seahorse (Hippocampus erectus), with 1 746 individuals.  450 

Aquariums have 21% (17) of the 82 coral and anemone species listed both as 451 

ED and vulnerable to climate change (Figure 4). Moreover, aquariums hold one 452 

species assessed as vulnerable to climate change (Montastraea curta) that has not yet 453 

been assessed by the IUCN Red List. Species of concern not yet represented in 454 

aquariums are the two species listed by AZE (i.e. Porites pukoensis, Siderastrea 455 

glynni) and the 65 species listed as both vulnerable to climate change and 456 

evolutionary distinct (Figure 4, Table 4). Furthermore, none of the species indexed in 457 

Appendices III or I by CITES overlap with another prioritization scheme. However, 458 

the two AZE species are indexed in CITES Appendix II and 81 species listed in 459 

Appendix II are considered evolutionary distinct and Vulnerable to Climate Change. 460 

Of the 17 species held by aquariums listed as ED and assessed as Vulnerable to 461 

Climate Change, the biggest population is of Catalaphyllia jardinei, with 10 042 462 

individuals recorded, while the species with the least number of individuals (only one) 463 

is of Cyphastrea ocellina. Of those, more than half (10 species) have more or equal to 464 

20 individuals (Table 5 in Silva and Conde (2018) for more details). Out of the 107 465 

species hold by aquariums that have not been assessed by the IUCN Red List yet, the 466 

biggest population is of the species Corynactis californica with 12 057 individuals, 467 

followed by Ricordea florida with 10 113. Moreover, 12 of those 107 species 468 

(including the Montastraea curta that is also vulnerable to climate change according 469 

to Foden et al. (2013)) have only one individual under human care and another 11 470 

species only have two individuals in ex situ collections. Active management of these 471 
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species should be considered a priority conservation action. We draw attention to the 472 

conservation potential of species listed in different prioritization schemes in Table 4. 473 

 474 

Discussion 475 

Given the current biodiversity crisis, coral and fish populations held in the world’s 476 

aquariums will certainly play an increasingly critical conservation role. Still, the 477 

potential of these populations in captivity to respond to the extinction crisis has not 478 

been fully explored. Here we helped to fill this gap by i) assessing the number of 479 

described fish and corals recorded in Species360’s aquariums network, ii) highlighting 480 

targeted species of concern based on different prioritization schemes to inform the 481 

development of management programmes (i.e., studbooks and wider collection 482 

planning), and iii) showing the value of aquariums sharing real-time standardized 483 

animal records globally to better respond towards the current biodiversity crisis. We 484 

found that at least 14% of the described fish and 4% of Anthozoa corals and anemones 485 

are held in aquariums. However, we strongly expect that there are significantly more 486 

species not yet recorded, and therefore we urge aquariums to increase their 487 

standardization and sharing of animal record keeping for species under their care to 488 

maximize their conservation potential as a global network. 489 

In 2014, the IUCN shark specialist group revealed that 25% of more than one 490 

thousand species of sharks, rays and chimaeras were threatened with extinction due to 491 

overfishing, whether targeted or accidental (Dulvy et al. 2014). Yet, only ~4% of all 492 

described Elasmobranchii are listed in CITES and therefore considered threatened by 493 

international trade, from which 34% are in aquariums. Given the high volume of 494 

fisheries trade, it is highly likely that more species need to be listed. These reflects a 495 

combination of historical policy inertia and inadequate formal species risk 496 

assessments resulting in  the trade of aquatic species continuing to be poorly regulated 497 

in many countries, with resultant pressures on wild populations (Vincent et al. 2014). 498 

With the species they hold, aquariums are in an ideally placed to influence public 499 

opinion and policymakers so that more species threatened by international trade are 500 

included on CITES. Furthermore, aquariums’ populations of species can provide 501 

important information on demographic traits and ecological thresholds to inform 502 

fishing quotas and coral harvesting, as well as climate change vulnerability. 503 

Nevertheless, estimating species vital rates such as age at first reproduction, 504 

reproductive lifespan and recruitment, can only be possible when the population size 505 
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is big enough. Therefore, to reach statistically reliable numbers to estimate these, 506 

aquariums’ shared data on the species they hold is essential. This is of particular 507 

importance not only for species endangered by international trade but also assessed as 508 

threatened by the IUCN Red List and other formal assessment and prioritization 509 

schemes. 510 

Here we showed that more than half (62%) of the aquariums worldwide hold 511 

at least one species considered to be threatened with extinction by the IUCN Red List, 512 

which underlines the potential value of aquariums’ husbandry data for saving species 513 

of concern from extinction. One of every seven fish species assessed by the IUCN is 514 

threatened with extinction and 8% of these are currently in aquariums. At the tipping 515 

point of extinction are species listed as ‘Extinct in the Wild’ (EW), for which 516 

aquariums hold four of the six EW species, with populations ranging from 47 up to 2 517 

200 individuals. Ensuring viable populations of these species is crucial to prevent 518 

their extinction. Unfortunately, there are more species believed to be EW not yet 519 

updated by the IUCN Red List, for example, the pupfish Cyprinodon veronicae, in an 520 

aquarium of the Species360 network, but not formally assessed by IUCN (Miller et al. 521 

2005). Species listed as ‘Data Deficient’ (DD) are usually afforded conservation 522 

programme assistance, however 111 species are recorded being held in aquariums and 523 

data collected on them can provide important information on species vital rates to 524 

support IUCN assessments (i.e., with a population averaging 100 individuals). As 525 

shown by previous studies, species identified as DD have a high probability of being 526 

threatened or of becoming extinct even before we are able to notice that they were 527 

threatened (Bland et al. 2015; Butchart and Bird 2010; Howard and Bickford 2014). 528 

The potential of populations in aquariums to contribute to conservation should 529 

not only be seen in the light of the IUCN Red List but within other assessments or 530 

prioritization schemes. However, fish have been relatively neglected by 531 

conservationists, for example, from 1976 to 2002, no marine fish was listed in CITES 532 

(Vincent et al. 2014). Likewise, fish classes are not yet assessed under EDGE, species 533 

Vulnerability to Climate Change and AZE. This is mainly due to the lack of data and 534 

taxonomic uncertainties. However filling this gap is essential, not least because fish 535 

sources provide 17 per cent of the protein intake globally (The Ocean Conference, 536 

2017) and the reduction of fish populations would lead to high economic and social 537 

pressures. Conversely, corals are included in more assessments, as the conservation 538 

outlook is bleak for almost a quarter of the species in class Anthozoa currently 539 

258



 17 

formally assessed by IUCN. Our findings showed 77 coral and anemone species listed 540 

as ‘Least Concern’ in aquariums, and consequently may currently not receiving the 541 

conservation focus they should. However, 74 of these are listed as Vulnerable to 542 

Climate Change and therefore justify better conservation attention. Moreover, with 543 

17% of the evolutionary distinct corals already held in aquariums, these institutions 544 

have high potential to support conservation efforts (including bio-banking) as the 545 

extinction threat facing the Anthozoa group is so severe. 546 

The alignment of different conservation prioritization schemes is of special 547 

importance for the decision making of future collection planning. For fish, we would 548 

draw attention to the importance of those species threatened by international trade 549 

which are already being managed through studbooks, such as the smalltooth sawfish 550 

(Pristis pectinata). In total, aquariums intensively manage 26 fish species through a 551 

studbook, and 14 of those are considered threatened by the IUCN Red List. The 552 

knowledge on the ex situ population sizes of species with active studbooks might help 553 

the setting of new management programmes and the development of existing ones. 554 

Regarding corals and anemones, aquariums hold 17 species severely susceptible to 555 

extinction by being indexed as Vulnerable to Climate Change and evolutionary 556 

distinct for which conservation programmes have yet to be developed. These species 557 

are distinctive candidates for initiating a studbook, in which research into their 558 

husbandry, culture and management can be improved in the aquarium and their 559 

population viability assured while these species are being attentively managed as 560 

possible insurance populations for their wild counterparts. 561 

Conservation actions highly depend on collaboration between diverse 562 

institutions and the integration of different prioritization schemes. The management of 563 

populations across institutions as a metapopulation invariably means better changes of 564 

successful conservation outcomes. Population size demographics are of extreme 565 

importance, due to genetic variability and robustness which can influence the 566 

repopulation success. We found that 4% of the species in our targeted analysis taxa 567 

have more than 500 individuals, which is considered a minimum population size to 568 

uphold a genetically sustainable population with minimal loss of genetic diversity 569 

(Frankham et al. 2002). The biggest population with an active studbook in aquariums 570 

has more than 500 individuals and represents a ‘Vulnerable’ species, according to the 571 

IUCN Red List. Due to group management difficulties, the precise count of 572 

individuals is frequently not possible. Although challenging, identifying useful data 573 
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management techniques for this group of colony living animals in conservation 574 

programmes is crucial for conservation dependent species. Additionally we need to 575 

highlight that corals are likely to represent many more species than the species 576 

covered in this analysis. On the other side, for corals, the number of individuals is 577 

highly challenging and underestimated due to the enormous difficulty in identifying a 578 

single individual in a colony for many polyp species The findings in this study also 579 

unveil the issue of taxonomy and the challenge of species identification. We expected 580 

a higher number of species than the ones recorded by aquariums due to identification 581 

issues and taxonomic compatibility. A prime example of these dual challenges are the 582 

Anthozoan corals and anemones, as the number of species in this class would be at 583 

least 55% (257/467) higher accounting for the reported unidentified species that were 584 

not considered due to the lack of identification to species level. 585 

 The employment of a standard, shared animal record databases are key to 586 

optimizing the ex situ conservation breeding programme success for almost all 587 

species. For example, the now ‘Extinct’ (EX) pupfish Megupsilon aporus could 588 

potentially have been saved from extinction. This species naturally occurred in the 589 

same spring habitat in Mexico as the EW pupfish Cyprinodon alvarezi. Due to 590 

anthropogenic impacts, the spring disappeared and both species became EW in the 591 

1990’s (Liu and Echelle 2013; Miller et al. 2005). Remnant populations of both 592 

species, however, were maintained in aquarium collections, when in 2013 the 593 

population of Megupsilon aporus dropped to dangerously low levels and was only 594 

recorded in a few institutions. By the time the remaining holders realized the 595 

fragmented metapopulations had only one remaining female, it was too late. It is 596 

believed the last fish died in 2014 and the species became ‘Extinct’ (Lozano‐Vilano 597 

and La Maza‐Benignos 2017; Miller et al. 2005). Therefore, it could be strongly 598 

argued that the integration of captive data in conservation projects could have raised 599 

the alert for this species before it reached critical levels and a coordinated effort could 600 

have saved the species from extinction. 601 

 At the moment, conservation practitioners, demographers and scientists in 602 

general struggle to get good quality data, especially for species on the brink of 603 

extinction. The wealth of data collected by standardized databases such as ZIMS, 604 

maintained by Species360, can provide invaluable practical management assistance   605 

and also deeper insights of significance to both ex situ and in situ species 606 

conservation. By contributing information on life history traits, behavior, water 607 
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quality requirements and other environmental and biological information of species 608 

(including those that have disappeared from their natural environments) member 609 

institutions are making invaluable contributions to global conservation knowledge and 610 

capability. Captive standardized data might also help to generally improve 611 

conservation assessments such as the IUCN Red List and climate change vulnerability 612 

assessments since wild species-specific data is scarce, hard to obtain and usually 613 

biased towards regions, habitats and environmental domains. Even if we rethink our 614 

approach to fill gaps in the available knowledge by targeting strategically chosen 615 

biases, there is a strong possibility that the gaps will not be entirely filled in a timely 616 

manner, delaying action for species in need and posing a dilemma for both 617 

conservationists and policymakers who might not be able to wait years for sufficient 618 

data (Hortal et al. 2015). Even though aquariums keep only a small proportion of all 619 

described species, they are in an ideal position to provide important information on 620 

species that occur in areas where an in situ study is difficult. Only through shared and 621 

standard data is it possible to support the decision making process to manage animal 622 

collections as metapopulations across the global aquarium community (Conde et al. 623 

2013). Despite our focus on the Species360 member’s data, it is essential to stress the 624 

conservation importance of other aquariums that collect high-quality data but are not 625 

currently sharing it with other members. Consequently, the number of species 626 

reported here is an underestimation of the real number of ex situ managed species. 627 

 628 

Conclusion 629 

The main goal of species conservation is to protect wild ecosystems, but when 630 

we fail to preserve viable genetically diverse populations against threats such as 631 

habitat loss, disease, overharvesting, predation and pollution, complementary ex situ 632 

programmes can make the critical difference for species survival. For such 633 

conservation breeding programmes to be viable, it is crucial to quantify aquariums’ 634 

species holdings as these institutions have a great potential for contributing to the 635 

conservation of wild populations at risk. Here we overcame the uncertainty of the 636 

figure of species by assessing the number of described fish and corals in aquariums in 637 

the Species360 global network. Furthermore, we provided a list of targeted species 638 

based on prioritization schemes that conservation practitioners can access to further 639 

inform their collection planning and conservation programme development. We 640 

showed the great value of sharing real-time standardized data among aquariums and 641 
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urge that more institutions will realize their data’s full potential when shared in a 642 

standard way. 643 

 Concerted efforts to utilize standardized and shared animal record databases, 644 

address species identification gaps and taxonomic issues would greatly improve the 645 

conservation chances for many aquarium species and we urge that this challenge is 646 

met with the urgency it requires. 647 
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 855 
Table 1: Number of aquatic species held in aquariums of the Species 360 network. Total number of 856 
species in the different classes, number of described species according to Catalogue of Life (CoL) and 857 
percentage of species in aquariums from the described number in Catalogue of Life. 858 

Class No of species in Aquariums No of species in CoL % in Aquariums 

Actinopterygii 2978 32 024 9.30 

Elasmobranchii 126 1 181 10.67 

Holocephali 1  51 1.96 

Myxini 3 78 3.85 

Sarcopterygii 5 8 62.5 

Anthozoa 257 6 407 4.01  

 859 

 860 

 861 

 862 

 863 

 864 

 865 

 866 

 867 

 868 

 869 

 870 

 871 

 872 

 873 

 874 

 875 

 876 

 877 

 878 
 879 
 880 
 881 
 882 
 883 

Figure 1: Location of aquariums of the Species360 network holding fish and corals taxa. Geographical distribution of 
aquariums in the Species360 network that hold Actinopterygii, Elasmobranchii, Holocephali, Myxini, Sarcopterygii and Anthozoa 
species. Each point represents the most threatened species in an institution. The colours represent its IUCN Red List category - 
NA: not assessed; EX: extinct; EW: extinct in the wild; CR: critically endangered; EN: endangered; VU: vulnerable; DD: data 
deficient; NT: near threatened; LC: least concern. 
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Table 2: Species in the different CITES appendices. Total number of species described by Catalogue of 884 
Life and in aquariums in each CITES appendix and taxonomic class. 885 

 Appendix I Appendix II Appendix III Total in CoL 

Elasmobranchii     

Total described (CoL) 6  20  18 1 181 

In aquariums 3  4  8  126 

     

Sarcopterygii     

Total described (CoL) 2  1 0  8 

In aquariums 0  1  0  5 

     

Anthozoa     

Total described (CoL) 0  1701  3  6 407 

In aquariums 0  158  0  257 

CoL: Catalogue of Life (Hopkins et al. 2015)  

 886 
  887 
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 888 
Figure 2: Proportion of species holdings in each IUCN Red List category. Proportion of species in 889 
Species360’s members that have been assessed by the IUCN Red List according to the IUCN threat status: 890 
EW: extinct in the wild; CR: critically endangered; EN: endangered; VU: vulnerable; DD: data deficient; NT: 891 
near threatened; LC: least concern. The pie charts indicate the percentage of species that are in aquariums 892 
from the IUCN Red List assessed species. Image: Holocephali by Tambja (vectorized by T. Michael Keesey) 893 
https://creativecommons.org/licenses/by-sa/3.0/. 894 
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 895 
Figure 3: Population sizes of fish and corals. Number of individuals of the classes Actinopterygii, 896 
Elasmobranchii, Holocephali, Myxini, Sarcopterygii and Anthozoa across all aquariums of the Species360 897 
network. Each species is represented by a bubble colored by its IUCN global threatened status - NA: not yet 898 
assessed by the IUCN Red List; EX: extinct; EW: extinct in the wild; CR: critically endangered; EN: 899 
endangered; VU: vulnerable; DD: data deficient; NT: near threatened; LC: least concern. The size of the 900 
bubbles is proportional to the population size which ranges from a maximum of 410 328 individuals to 1 901 
individual (mean 250, SD: 7103.5). The 20 species with biggest population sizes are numbered and listed. 902 

 903 
 904 
 905 
 906 
 907 
 908 
 909 
 910 
 911 
 912 
 913 
 914 
 915 
 916 
 917 
 918 
 919 
 920 
 921 
 922 
 923 
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Table 3: Number of Anthozoa species assessed as of high, low and unknown climate change 924 
vulnerability (based on Foden et al. (2013)). Number of species described in Catalogue of Life and in 925 
aquariums grouped by its IUCN Red List categories:  NA: not assessed; CR: critically endangered; EN: 926 
endangered; VU: vulnerable; DD: data deficient; NT: near threatened; LC: least concern. Numbers in 927 
brackets denote the percentage of the total of species in each of the vulnerability categories. 928 

 929 

 930 

 931 

 932 
Figure 4: Venn diagram of the different prioritization schemes. Number of species in each prioritization 933 
scheme and its overlaps (VCC: Vulnerable to Climate Change, EDGE: Evolutionary Distinct and Globally 934 
Endangered, IUCN: International Union for Conservation of Nature, AZE: Alliance for Zero Extinction).  935 

 NA CR EN VU DD NT LC Total 

High vulnerability         

Total described (CoL)  0 0 8 31 12 14 36 101 (100%) 

In Species360 aquariums 0 0 1 3 1 2 16 23 (23%) 

         

Low vulnerability         

Total described (CoL) 5 2 8 132 47 128 188 510 (100%) 

In Species360 aquariums 0 2 0 25 0 37 58 123 (24%) 

         

Unknown vulnerability         

Total described (CoL) 4 1 2 3 19 11 19 59 (100%) 

In Species360 aquariums 2 0 1 0 0 0 3 6 (10%) 

CoL: Catalogue of Life (Hopkins et al. 2015) 
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 936 
Table 4: Number of targeted species for management recommendations. Number of species listed in937 
different prioritization schemes and key recommendations for their conservation management.938 

939 

Species Prioritization scheme Species number Conservation potential 

A
nt

ho
zo

a 

ZIMS not assessed by IUCN 106 Can support the IUCN Red List 

assessment with data on life history 

traits  

ZIMS/EDGE/VCC/IUCN 17 Consider on prioritization for studbooks 

ZIMS/VCC 1 Special attention on management 

EDGE/VCC/IUCN 65 Consider on prioritization assessments 

for new collections or in record 

digitalization 

AZE/EDGE 2 

F
is

h

ZIMS not assessed by IUCN 1 352 Can support the IUCN Red List 

assessment with data on life history 

traits 

ZIMS/CITES 16 Special attention on management 

Species with an active 

studbook that are threatened 

with extinction 

14 Special attention on management 

programmes that already exist 
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