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INTRODUCTION 
 
This document is the report of a workshop held at the Zoological Society of London on 
October 5th-7th 1998.  The workshop was a stage in a wider discussion of conservation 
management options for zoo and closely managed populations. 
 
The three day workshop was held at the Zoological Society of London with 26 participants 
representing zoo curators, registrars, population biologists and software specialists.  The zoo 
and aquarium communities in America, Europe and Australia were represented so the 
different geographic perspectives and issues could be discussed and a co-ordinated action 
plan developed.  
 
We are grateful to the Whitley Animal Preservation Trust for funding the workshop and the 
preparation of this report. 
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Investigating the options for management and record keeping of 
group-breeding animals 

 
At the CBSG Population Group Management Workshop 1997, a discussion paper was 
distributed and discussed - The Management of Conservation Breeding Programs: A 
Discussion Paper on Population Group Management (Mace et al., Zoological Society of 
London, May 1997).  It was proposed that the research project put forward by ZSL should be 
implemented as an important step to future developments.  In response to this, ZSL are 
currently preparing sample data sets, analyses and workshop logistics, as described below. 
 
This document summarises the background, objectives and approach for addressing the 
problem of population group management. 
 
SUMMARY 
 
At present, captive management is focused on managing individual animals, and most species 
programmes are based upon record-keeping and population management at an individual 
level.  However, for some species, individual-based management is difficult or even 
impossible to implement, and the number of species of this kind in zoo conservation 
programmes is increasing.  At the same time, the staff required to manage species 
programmes effectively is limiting the number of species that can be included in conservation 
programmes.  Recent studies have also indicated a range of hidden errors in the studbooks 
and pedigrees upon which these individual-based programmes are founded (Bowling and 
Ryder 1988; Lacy et al. 1988; Ely and Ferrell 1990; Tomlinson 1995).  It is believed that 
there is a role for population group management for some species, that there are a range of 
possible techniques that could be applied, and that the full implications and possibilities have 
not been considered seriously as yet. 
 
OBJECTIVES 
 
The first objective of the project is to provide an analysis of methods and techniques that can 
be used for population management of species at the group rather than the individual level, 
where management is intended to achieve conservation objectives of maintaining viable 
captive populations that are genetically diverse and demographically stable.  The issues 
should incorporate genetic as well as demographic management, and also policies for record 
keeping. 
 
The second objective is to bring together an international team representing zoos and aquaria 
to discuss the current status of population group management in order to identify and develop 
an action plan to approach this issue in a co-ordinated way.  This will be achieved by a three 
day workshop held at the Zoological Society of London in October 1998. 
 
BACKGROUND 
 
Group-breeding and group-housed animals constitute special difficulties for records keeping 
and population management.  Existing software and tools, for example ARKS, SPARKS, 
DEMOG and GENES, are not completely practicable for “colonial” species because they 
require substantial control over mating, and knowledge on parentage and event histories.  In 
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many cases, it seems likely that the detailed data sets of information on individuals required 
by these software and tools are not accurate.  At best this will represent deceptive accuracy 
that is random with respect to management recommendations.  At worst, this may lead to 
deleterious management decisions and actions.  Lack of practical guidelines regarding 
colonial species hampers good record keeping and population management for conservation 
purposes.  Group-breeding species do occur in many major taxa managed in conservation 
programmes such as bats, primates, deer, rodents, flamingos, ducks, ibises, fish and 
invertebrates (eg. Reid 1994; Pearce-Kelly et al. 1994; Pearce-Kelly et al. 1995; Tomlinson 
1995; Norton and Warmolts 1997). 
 
Focus on group level instead of individuals 
 
Research work on the selection of animals for captive breeding suggests that there are several 
reasons why a focus on colonial species should be extended.  One example is the colony-
living small-bodied species that rapidly reproduce.  They appear to be biologically and 
economically advantageous subjects for captive breeding programmes, and have also good 
characteristics for reintroduction (Balmford et al. 1996).  Furthermore, individual 
management recommendations are not really implemented in some species, especially where 
practical and welfare considerations mean that individuals cannot readily be moved in and out 
of social groups.  Also, conservation programmes in the field (of semi-wild and wild 
populations) necessarily focus on the management of species in groups since individuals may 
not be recognisable. 
 
Record Keeping 
 
It is time to look at methods for population management at the group rather than at the 
individual level.  This will involve approaches that deal with effective record-keeping, genetic 
and demographic analysis, and collection planning.  There are new and different problems to 
be dealt with in recording data on groups instead of individual animals.  A number of the 
more difficult problems are related to the life history differences between larger-bodied zoo 
species where individual identification is relatively easy (many birds and mammals) and the 
species that live in groups (especially invertebrates and fishes).  There may be a large number 
of development stages, there may be asexual, sexual, hermaphroditic or sex-changing forms, 
vegetative, parthenogenetic or sexual reproduction, sperm shortage may take place, and 
numbers may fluctuate widely over short periods.  Difficulties in identifying and keeping 
track of individuals are widely accepted, but there are also problems over keeping track of 
births and deaths, and recording some life stages that are hidden or quiescent.  Recent work 
indicates that effective record-keeping on colony living species is all but simple (Vedmar 
1998). 
 
Some practical techniques for record keeping under these circumstances have been developed 
in the CERCI software package (Burlingham-Johnson et al. 1994).  CERCI is a recently 
developed species information and record keeping software system appropriate for colony-
based breeding programmes and has been tried for population management for Partula snails 
and fruit bats.  CERCI can be tailored to a particular species, has a flexible methodology, and 
can for example be used to construct “pseudo-pedigrees” when detailed information is 
lacking.  However, so far CERCI has limited analytical capabilities for population 
management. 
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Genetic Management  
 
Genetic management is intended to manage breeding groups so as to minimise inbreeding and 
the loss of genetic variability.  Where parents can be reliably identified current techniques are 
based around pedigree analysis.  The way in which pedigree data are used to determine future 
breeding systems has evolved over the years, from focus on minimising inbreeding to 
maximising the gene diversity (expected heterozygosity).  A recent study (Ballou and Lacy 
1995) investigated the consequences of alternative genetic management strategies in a 
simulated pedigree, and showed that minimising mean kinship among individuals (the 
average relatedness of an individual to all other members of the population) was the most 
effective at retaining gene diversity, and was relatively efficient at maintaining low levels of 
inbreeding.  This is the currently favoured strategy. 
 
For many species, pedigree information is completely lacking, and for others it is only 
partially complete.  Under these circumstances other methods are needed, based on some 
assumptions about the way in which breeding efforts are distributed among individuals within 
the populations.  If there is no pedigree data, and no information about breeding systems, then 
the best that can be done is to assume that breeding effort is randomly distributed and apply 
standard population genetic models to estimates of rates and kinds of genetic loss in 
populations of different sizes and structures.  However, even modest levels of knowledge 
about population biology and life history of a species can lead to more realistic general 
models. 
 
Although it may appear that the more information there is, the better will the genetic 
management be, the situation may be more complicated.  For example, information on 
identities and parentage may be complete, but it is rarely completely accurate.  Molecular 
genetic techniques using allozyme, multilocus DNA markers and single locus markers have 
indicated a high degree of mistaken parentage assignments across a range of species.  For 
example, in a recent study using multilocus DNA fingerprinting, 42% of Waldrapp ibis were 
found to have at least one parent mis-assigned (Tomlinson 1995).  Other zoo-based studies 
have identified significant errors in pedigrees (Bowling and Ryder 1988; Ely and Ferrell 
1990; Lacy et al. 1988).  The extent to which these kind of errors will influence breeding plan 
design will depend upon breeding system, the individuals affected and the structure of the 
pedigree.  Some simple simulations carried out suggest that the consequences can be 
significant, especially when errors concern founder animals or breeding animals in highly 
polygynous species (Mace, personal communication, 1998). 
 
Demographic management 
 
Knowledge of demographic parameters, and especially of the way in which they are changing 
over time is essential for managing populations for stability.  Unfortunately, demographic 
parameters are very difficult to estimate reliably in small populations, yet it is in just these 
cases that they are most important for conservation management.  Apart from the influences 
of individual differences and stochastic variation inherent in small samples, demographic 
parameters can be strongly influenced by management effects, such as controlling breeding 
and euthanasia of surplus individuals. 
 
With these problems in mind, there have been recent reviews of approaches to demographic 
management.  In one recent study (Taylor et al. 1995) two methods for estimating 
demographic parameters from small samples are described.  The first of these, currently 
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implemented in SPARKS, uses observed survival rates from particular age and sex classes 
over the recorded history of individuals in the population.  These values are smoothed 
mathematically to eliminate some of the noise from small samples.  An alternative method is 
based on the notion that there is a pattern of age-specific mortality common to many species.  
The data available from the study population are then fitted to the standard curve, and 
demographic parameters are estimated from the fitted curve.  In fact, this latter method has 
not been widely applied, perhaps because of difficulties in identifying the correct standard 
curve.  In both these cases, however, a problem is that the methods assume that populations 
are in some kind of stable equilibrium, and that age specific rates of growth and fecundity, 
and population growth rates are not varying systematically over time. 
 
These methods are also based upon individual animal records, which provide longitudinal 
information for estimating age-specific rates.  Without individual information, a different 
approach must be taken, which focuses on cross sectional counts.  Techniques for cross 
sectional analysis are common in wildlife ecology where counts of individuals in each age or 
stage class are used to build life tables and estimate population growth rates.  These methods 
may be especially useful for captive populations.  Under captive conditions frequent, regular 
and accurate censuses are generally possible even though a recent study pointed out the 
difficulties monitoring some species (Vedmar 1998). 
 
There are new and potentially useful approaches to demographic management that could be 
appropriate for population groups as well as for species where individuals are known and 
recognisable.  The use of age or developmental stage based counts seems to be applicable to 
many different cases and has the advantage of being relatively straightforward at both the 
monitoring and database levels.  Analysis at this level can benefit from the large body of 
theory developed by field ecologists and wildlife managers.  However, the robustness and 
appropriateness of these methods compared to individual based records systems needs to be 
evaluated for captive and intensively managed populations. 
 
METHODS 
 
1. To analyse alternative methods for record keeping and genetic management techniques 

including pedigree analysis, reconstructed pedigree analysis, pseudo-pedigree analysis, 
null genetic models and population genetic models informed by knowledge of the life 
history of the species. 

 
2. To analyse alternative demographic analysis techniques including individual life 

histories, population data fitted to standard curves, matrix models based upon census 
data of age and stage classes, and the calculation of sensitivity and elasticity measures. 

 
3. To produce a briefing document based on the above analyses for use at an international 

workshop at ZSL in October 1998.  Approximately 25 people will be invited, including 
personnel from ISIS, WCS, North American zoos/aquaria, Australian zoos/aquaria, 
European zoos/aquaria and other relevant specialists. 
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SECTION 1 

PAPERS 
 
During the first day of the workshop, some participants gave presentations to introduce 
various relevant topics. The objective was to brief different perspectives.  Short summaries of 
these presentations are included here.  The last paper in the list below was only distributed 
during the workshop and not presented. 
 
 
Joanne Earnhardt Data collecting, record keeping and population biology issues for 

groups (paper written by Steven Thompson) 
 
Rajan Amin  Group based demographic management 
 
Georgina Mace Genetic & demographic management at the group level 
 
Robert Lacy  Extending pedigree analysis and management to groups 
 
Frank Princée  Avoidance of inbreeding in colony management 
 
Jonathan Wilcken Some limits to population management in zoos (co-writer Caroline 

Lees) 
 
Pamela Barker  Institutional animal records and the group 
 
Nanette Bragin Ideas for record keeping and population management of captive 

groups/colonial species (co-writer Mike Demlong) 
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Data Collection, Record Keeping, and Population Biology Issues for 
Species Maintained As Groups 

 
Steven D. Thompson, Ph.D. 

Lincoln Park Zoo 
Chicago, IL 60614 

 
Background 
 
The American Zoo and Aquarium Association’s (AZA) Small Population Management 
Advisory Group (SPMAG) is concerned about the application of standard population 
management techniques to species typically housed in groups (sic colonies). These 
techniques, and the demographic and genetic based recommendations that they generate, are 
based on specific knowledge of individual specimens and their parents; this information is 
often missing, incomplete, or presumptuous for group housed species. The purpose of this 
paper is to delineate the management issues that relate to data collection, record keeping, and 
the genetic/demographic analyses necessary for population level management of species 
housed in groups.  Throughout this presentation, I use the term “group-housed” to indicate 
species or specimens whose current management practices limit or prevent their timely 
treatment as individually identified specimens with unambiguously assigned dams and sires.  
This is consistent with terminology employed by Earnhardt et al. (1998) and in many cases is 
synonymous with the use of “colony” in other publications. 
 
The need for special consideration of how to manage of group-housed species stems from two 
situations: (1) facultative group housing for species sometimes or traditionally housed as 
groups but for which individuals can be identified and tracked between enclosures and 
institutions and (2) obligate group housing of species whose biology and life history 
characteristics virtually preclude housing or monitoring individual specimens.  Examples of 
the former would be waterfowl, hoofstock, some primates, some reptiles and amphibians, and 
some rodents; examples of the latter would be many fish, invertebrates, some reptiles, and 
amphibians.   Obligate group-housed species tend to be profligate and abundant.   For many 
group housing situations, identification of individuals and/or assignment of parentage are not 
accomplished on a regular basis.  Thus, because current population management techniques 
require individual identification and maintenance of accurate pedigrees, SPMAG has focused 
its attention on the development of alternative analytical techniques that would permit 
population management of group-housed species.  SPMAG has made the issue of population 
management for group-housed species one of its highest priorities. 
 
A key issue for population management of group-housed species is the conflict between data 
collection/record keeping and analyses based on individually identified specimens.  In 
essence, the root of this conflict is the record keeping issue of what data can and will be 
collected by animal management staff (i.e., keepers, curators).  An ancillary, but non-trivial 
side issue, is the ability of records keepers to enter these data in electronic databases in a 
manner that is consistent, retrievable, and accurate. For many species, this is just a cost 
benefit issue: the various gains from population management versus the time and effort 
necessary to acquire and enter the appropriate data on individual specimens.  For common 
species, whose colonies can be regularly infused with new founders from the wild, colony 
management may be a moot point.  For rare, endangered, or other species that are not 
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obtainable from the wild, the issue of colony management is not so different from the broader 
issues of why and how to improve data quality and quantity for all types of animal record 
keeping (Earnhardt et al. 1998).   
 
Animal records form the permanent history of all the animals that have ever been in an 
institution’s animal collection.  Yet in the past, records have generally been under valued, or 
at least under appreciated, by the animal managers that collect and potentially use the data, as 
well as the records keepers who manage and maintain the data.  The purpose of records was 
often unclear and few institutions had formal protocols for what to record, how to record it, or 
how and where to store it.  In many cases, institutional policies were vague and record 
keeping was a curatorial responsibility; thus, records varied greatly in content and quality 
within and between institutions as each curator decided what should and should not be 
maintained in the written records.  Records seem to have been perceived by many as the 
history of each collection as a whole, rather than the cumulative histories of individual 
specimens.   After all, written records are often stored as variable formats that are difficult to 
retrieve and synthesise - cards, ledgers, notebooks, binders, loose pages - in files or cabinets 
or boxes. Thus, for practical management and husbandry decisions were often not dependent 
on written records because animal collection staff typically held jobs for long periods of time, 
and their successors learned about the present collection, historic collection, and husbandry 
practices by coming up through the ranks.  In this context, the collection of data on 
individuals housed in groups must overcome not only the traditional prejudice against 
detailed record keeping in general, but also the additional logistical difficulties of 
distinguishing specimens within the social and physical context of varying sized groups. 
 
Identification of individual specimens within groups has importance far beyond population 
management.  The relative and absolute value of each specimen is now tightly linked to its 
individual identity and history.  A specimen’s value affects an institution’s ability to manage 
it effectively with respect to eventual disposition (e.g., loan, sale, donation), medical 
treatment and associated costs, and participation in co-operative conservation programs.  The 
less that is known about a specimen’s history, including previous medical treatment, exposure 
to disease situations, behavioural experiences, behavioural characteristics, breeding success, 
ownership history, and pedigree, the more diminished it’s value to the zoo and aquarium 
community. 
 
Management of zoo animals should be considered in a business context: animals are the 
cornerstone of zoo and aquarium operations and the inventory of those animals, including 
individual status and history, should be a major priority of every institution. That inventory 
now requires good records and scientific management.  Each day key legal and financial 
decisions are based on the presumptions that zoo records are complete, accurate, and 
exchangeable (interpretable) from one institution to the next; that individual specimens can be 
identified for most species.  Businesses that deal with animals have long known the benefit of 
complete and accurate records.  Animal scientists, whose research is applied to improve 
livestock production, know this and spend tremendous amounts of money on scientific 
research.  Individual histories and pedigrees are key elements in this research and in the daily 
operations of most livestock businesses.  Second, management may be hindered if husbandry 
history, particularly medical or behavioural problems, are not carefully documented.  Third, 
legal citations for incomplete or inaccurate records can lead to costly fines and embarrassing 
suspensions of permits.  Lastly, poor record keeping hinders improvements in animal 
management and husbandry.  Few curators or co-operative breeding programs make good use 
of the husbandry and other data available from institutional records.  As a result, there are not 
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only missed opportunities for improving animal husbandry but also misallocation of efforts to 
improve husbandry by focusing on problems that are not supported by accurate data.  Group 
housing, albeit convenient, necessary and/or appropriate for many species, should not be 
viewed as an excuse to avoid tracking individual specimens. 
 
A more serious issue of group housing is that it promotes fictionalisation of animal records.  
Humans, particularly records keepers, love ordered, deterministic systems.  Animals are 
physical things that are born and die on given days and can be moved between physical 
locations.  Therefore, there is a physical reality that properties of and events that involve 
animals in zoos or aquariums can be recorded in an animal records system as “truth.”  
However, for group housed specimens, these truths are not always self-evident.  Yet most 
data collectors and records keepers attempt to record a greater truth than is actually known.  It 
is this desire to assign known events (e.g., a death of an unidentifiable individual) to a known 
individual that promotes fictionalisation of group housed records that may often lead to 
fiction.  That this is a problem beyond population management is evidenced by the potential 
use of these data beyond the scope of normal zoo or aquarium operations.  Those who use zoo 
and aquarium records assume that those records are reliable and accurate: that is, they 
represent a true account of each individual’s history.  Thus, whether a user is a researcher at a 
university or another zoo, a curator, a zoo or aquarium staff member unfamiliar with zoo 
records, or a subsequent records keeper, each user’s initial presumption is that the data they 
are using is an accurate and complete account of each specimen’s history. 
 
The recently published Guidelines for Data Entry and Maintenance of North American Zoo 
and Aquarium Animal Records Databases (Earnhardt et al. 1998) attempted to standardise 
record keeping practices for group housed species.  However, shortcomings in existing 
software forced recommendations of work-arounds that are less than satisfactory.  Moreover, 
workshop discussions of issues related to record keeping for group housed reptiles, 
amphibians, and birds, indicated that traditional curatorial practices continue to play a 
significant role in determining the type of information available on specimens housed in 
group situations.  In this context, one of the key recommendations of this document is that 
every effort be made to track individual specimens, within or outside of groups, and to 
accurately assign parentage. 
 
Key Issues for Colony Management 
 
At present, there seem to be three central issues or decisions with respect to population level 
management of group housed species: 
 
How to effect demographic and genetic management for species that are currently group-
housed or how to select specimens that should be between groups? 
 
How to effect demographic and genetic management for species that will be group housed in 
the future or what strategies and tactics can be developed to overcome what is perceived as a 
continued lack of data on individual specimens? 
 
How do to maintain appropriate institutional and studbook records for group-housed species 
with respect to any current (short-term) or future (long-term) solutions to population level 
management of group housed species? 
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Within the facultative and obligate categories of group management, an important issue seems 
to be the ability and willingness of an institution and its animal management staff to identify 
individual specimens or lineages, respectively.  In effect, to go beyond some sort of casual 
census or observational monitoring of group size and composition. Thus, there are two sub-
issues: the ability to count and/or identify the presence/absence of individual specimens (i.e., 
accurate censusing) and the ability to assign parentage.  Here census accuracy entails either 
counts or individual identification while assignment of parentage may run the gamut from 
observational to genetic determinations. 
 

Individually Identified Specimens (Facultative) Individual Specimens Not Identifiable (Obligate) 
Can Be Censused 
Accurately 

Cannot Be Censused 
Accurately 

Can Be Censused 
Accurately 

Cannot Be Censused 
Accurately 

Parentage 
Is Readily 
Assigned 

Parentage 
Is Not 
Readily 
Assigned 

Parentage 
Is Readily 
Assigned 

Parentage 
Is Not 
Readily 
Assigned 

Parentage 
Is Readily 
Assigned 

Parentage 
Is Not 
Readily 
Assigned 

Parentage 
Is Readily 
Assigned 

Parentage 
Is Not 
Readily 
Assigned 

 
To some extent, this categorisation scheme is artificial in that group size plays a significant 
role in how a group might be managed.  For example, one institution might treat a flock of ten 
waterfowl as individuals; carefully noting presence or absence, breeding behaviour, and 
condition of each specimen.  Another institution with a flock of 75 specimens of the same 
waterfowl species, might treat it as a group, with an annual census, few behavioural 
observations, and perhaps even uncertainty as to deaths or hatches except as revealed by 
periodic censuses. 
 
Specimens That Can Be Individually Marked for Identification 
 
These taxa seem to fall into two general categories: those that are regularly censused and 
those that are seldom if ever censused.  The frequency of censuses poses problems for 
recording births and deaths.  There is a continuum, from singly housed individuals that are 
checked daily for death and condition, to pairs that are checked for births and deaths, to small 
groups with only a few individuals and in which mothers can be readily identified, on though 
large herds or colonies in which deaths may either be difficult to detect or assign to an 
individual.  Thus, for many group-housed species, current management techniques 
compromise maintaining up-to-date records of group composition.  Two major consequences 
of this record keeping style are that (1) specimens may hatch or be born and die without being 
recorded or (2) birth and death dates may not be more accurate than the census interval.   This 
hidden turnover may compromise demographic analyses and recommendations for change in 
population size.  
 
Infrequency of and reluctance to census groups vary greatly between institutions.  Traditional 
hands-off management for many group-housed species is often justified by lack of personnel 
and/or potential injuries to specimens from wholesale round ups and handling.  Implicitly, 
arbitrary procedures for assignment of death (prior to census) and parentage are acceptable.  
Much of this is steeped in tradition, rather than practicality, and the lack of any perceived 
benefit to increased censusing intervals or greater efforts to assign events to specific 
individuals.  Thus, for species that can be individually identified, the need for innovative 
group management procedures is largely necessitated by data collection and animal 
management policies/traditions, not by species biology per se. 
 
For facultative group species, the central data collection issue is how to strike a balance 
between the defacto continuous monitoring of specimens housed individually or in small (sic 

 14



family) groups and the periodic censusing of larger groups. For these species, efforts to 
implement demographic and genetic management in the immediate future should focus on 
improved data collection and record keeping.  To accommodate the interval between 
censuses, there is a need for “place keeping” software that can track “provisional” births and 
deaths (of marked individuals that have yet to be identified (e.g., carcasses on a lake, 
disappearances, etc.)) until the next census.  Regular censuses – via direct observation, 
physical examination, etc., should be mandatory with a frequency that is appropriate for the 
life history of the species.  Every effort should be made to assess parentage, via behavioural 
or physical characteristics – and if need be, species specific standards should be set for use of 
molecular genetics to determine parentage. Use of molecular biology to determine parentage 
should be given the highest emphasis and efforts should be focused on the development of 
standard services that can determine first order relationships, among a limited number of 
potential parents and offspring, for a reasonable price. Although currently expensive, 
determination of parentage should now be considered a standard husbandry and record 
keeping requirement.  After all, at one time determination of sex in monomorphic species was 
considered too costly and esoteric for routine management.  Yet we now require sex 
determination tests for SSP and many non-SSP species.   For individually identified, 
facultatively group housed species, the emphasis should be on reformation of data collection 
and records keeping, software modification, and appreciation of the widespread importance of 
tracking individual specimens at the shortest possible time intervals. 
 
Specimens That Cannot Be Individually Marked for Identification 
 
Most of these taxa seem to be censused on a regular basis.  Many are censused by subtraction 
between formal censuses (i.e., deaths are subtracted from the previous census).  For the 
majority of these species, however, group size and structure is so large that traditional census 
methods (e.g., direct counts) may be inconsistent and/or inherently inaccurate.  Earnhardt et 
al. (1998) have proposed standards for tracking groups but more aggressive data collection 
and more sophisticated means of record keeping are necessary to develop clear definitions of 
group lineages.  One approach might be to standardise group lineages (e.g., tanks) and 
procedures for crossing those lineages. Standard formulation of in-line breedings with 
notation that clearly delineates how lines were crossed, would be appropriate.  Mixed lineage 
enclosures should not be acceptable for species management programs.  The approach to data 
collection and records keeping for this class of species should be to track everything, census 
often, and develop software that accommodates rigorous needs for population management. 
 
However, even with greater standardisation of records keeping and management practices, 
species in this category would clearly benefit from innovative approaches to population 
management (e.g., average or group rather than individual parameters). For example, note 
lineages as female/male versus male/female crosses, with standard formulation for the number 
of each sex. 
 
It remains unclear to what extent these obligate group-housed populations require rigorous 
population management.  It would be useful to have quantitative data on what species fall into 
this general category. 
 
Cost Effective Actions 
 
There is a need for group management of species that cannot be identified and tracked as 
individuals.  Special lineage strategies or some equivalent must be developed.  However, 
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development of population management strategies for species facultatively treated as groups, 
should be avoided, as it promotes the impression that additional efforts to identify and track 
individuals are not worthwhile. 
 
The costs of not tracking individual specimens may be substantial.  There are proximate 
genetic risks of inadvertent inbreeding due to uncertain (or incorrect) parentage: increased 
birth defects, lowered survival of infants, and lowered reproductive success are the most 
obvious and most costly effects of these pedigree related problems. As genetic diversity is 
lost, there are the increased risks that genetic drift will fix deleterious or undesirable alleles 
and/or the attendant increased risk that the population will go extinct. The lack of data on 
individual specimens compromises demographic analyses and may prevent reasonable 
estimates of births and deaths.  This makes it difficult to predict how many pairs to establish 
and can result in either too many or too few births. From the institutional perspective, either 
the genetic or demographic issues may mean that specimens either cannot be obtained or 
moved out in a timely manner.  This in turn may have significant in operational costs 
associated with exhibit use, marketing, retail or fund raising operations. Management at the 
institution level may be hindered if husbandry history, particularly medical or behavioral 
problems, is not carefully documented for each specimen.  Legal citations for non-specific 
records can lead to costly fines and embarrassing suspensions of permits.  Lastly, lack of 
record keeping for individual specimens hinders improvements in animal management and 
husbandry.  Few curators or cooperative breeding programs make good use of the husbandry 
and other data available from institutional records.  As a result, there are not only missed 
opportunities for improving animal husbandry but also misallocation of efforts to improve 
husbandry by focusing on problems that are not supported by quantitative data on individual 
specimens. 
 
Management of zoo and aquarium populations needs to be thought of in terms of the costs and 
benefits.  In effect, the long term benefits of reducing the rate at which genetic diversity is 
lost, prolonging the time to extinction, and making specimens available for display or 
reintroduction, must be balanced against the cost of doing these tasks at various levels of 
accuracy and confidence.  For many animal oriented businesses, such as dog breeders, dairy 
cattle or sheep ranchers, and race horse breeders, good records are considered essential – just 
part of the cost of doing business.  This now appears to be true for several of AZA’s Species 
Survival Plans (SSP); African penguins and Rodrigues fruit bats have now instituted projects 
that will use molecular genetics to determine first order relationships within groups.  The 
Western Lowland Gorilla SSP has often used molecular genetics to resolve paternity in multi-
male groups. 
 
Good records start in management, not in records.  The most effective way to implement 
population management for most group housed species is to promote changes in husbandry, 
data collection and records keeping.  Every effort should be made to (1) minimise the number 
of species housed in groups, (2) individually identify each group housed specimen, and (3) 
confidently assign identities and dates to births, deaths and parentage in a timely manner.  
Tracking individual specimens is not just good management, it is good care and consideration 
of the specimens.  The welfare of the population and individual specimens depends on an 
institution’s ability to track and manage individuals, avoid inbreeding, maintain accurate 
medical and behavioural records, and ensure that the population has the best chance of 
persistence possible. 
 

 16



Rather than developing new analytical approaches, population biologists wishing to improve 
or initiate demographic and genetic management of group housed species might have a great 
impact if they focus on improved data collection and record keeping.   This can be done 
through a policy statement, in conjunction with the AZA’s Institutional Data Management 
Advisory Group (IDMAG), and by working with population managers and curators involved 
with management programs for group-housed species. Population biologists can draw up 
guidelines for data collection, with close attention to census techniques and frequencies, and 
work to implement them at all participating institutions.  
 
Institutional CEOs and Directors must be educated that these additional efforts are necessary 
and cost effective.  This can be accomplished through a combination of paper sessions at 
national, international, and regional meetings, and through clear and succinct policy 
proposals. 
 
Development or modification of new or existing software, respectively, should focus on the 
specific problems of those obligate group-housed species with high reproductive rates, large 
population sizes, and for which individual identification is virtually impossible. 
 
Throughout discussions of new approaches to population management for group-housed 
species, population biologists and curators should bear in mind that the their discussions 
might have the greatest impact if they focus on changes in data collection and records keeping 
priorities rather than on development of new analytical techniques. 
 
 
Earnhardt, J. M., S. D. Thompson, and G. Turner-Erfort. 1998. Standards for Data Entry and 

Maintenance of North American Zoo and Aquarium Animal Records Databases.  
Lincoln Park Zoo, Chicago, USA.   

 17



Group Based Demographic Management 
 

Rajan Amin 
 
Knowledge of demographic parameters, and especially of the way in which they are changing 
over time, is essential for managing a population for stability.  Unfortunately, demographic 
parameters are very difficult to estimate reliably in small populations, yet it is just in these 
cases that they are most important for conservation management.  Demographic parameters 
are influenced by individual differences and stochastic variations inherent in small samples, 
but management effects can also have a strong effect.  With these problems in mind, there 
have been recent reviews of approaches to demographic management.  In one study [Taylor et 
al., 1995], methods for estimating age-specific demographic parameters from small samples 
are described.  A problem is that all the methods assume that populations are in some kind of 
stable equilibrium, and that age-specific rates of growth and fecundity, and population growth 
rates, are not varying systematically over time.   
 
Similarly, by grouping animals into development stages, it is possible to obtain demographic 
parameter estimates through stage class life tables (population projection matrices) [Caswell, 
1989].  The life table can also be subjected to sensitivity / elasticity analysis to determine 
stages that have a critical bearing on the overall population dynamics [Caswell, 1989].  But 
again, the majority of stage-based projection matrix studies assume stationary population 
dynamic behaviour and this assumption is often unjustified.  A pilot study undertaken on 
species of captive bred Partula [Amin, 1997] reveals some new analyses.  The numbers of 
newborn, juvenile, subadult and adult snails are recorded weekly for each species.  These data 
are used to estimate running values for stage-specific fecundity, survival and transition rates.  
The method is illustrated for Partula turgida in Figures 1,2 and 3.  This was a species that 
came into captivity in 1990, rose to over 400 animals in 1993 and declined to extinction in 
1995 (Figure 1a).  The growth rate of the population is calculated from stage-specific 
demographic rates in a population projection matrix estimated from a running 20 week data 
time window (Figure 1b).  The fecundity-time and fecundity-generation profiles (Figure 2a 
and 2b) clearly show gradual decline in fecundity during captivity.  Detailed sensitivity and 
elasticity analyses of the population matrix models can also be undertaken.  The analyses 
indicate that the decline in lambda is largely due to reductions in adult survival rates (Figure 
3).  Other species investigated show similar long-term changes in demographic parameters 
over both generations and time in captivity, calling into question the estimation of these 
parameters across long term data sets.   
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Figure 1: (a) Total counts of Partula turgida (b) calculated running mean value of lambda 
(week growth rate), calculated from a running 20 week data time window for population 
matrix elements 
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Figure 2: Partula turgida, (a) fecundity-time profile (b) fecundity-generation profile  
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Figure 3: Partula turgida, (a) stage specific elasticity plot (b) demographic specific elasticity 
plot 
 
Techniques for identifying periods of stability are needed to enable population projections to 
be made with some level of certainty.  Where no such stable periods are found, alternative 
techniques based on suitable indicators of short-term population status are required.  
Preliminary investigations based on species of Partula suggest that the running average of the 
logarithm of lambda can provide an effective indicator, if set to register when the logarithm of 
lambda has been consistently below a specified value for several weeks (Figure 4). 
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Figure 4: Partula turgida, (a) total population size (b) short term status indicator 
 
A recently undertaken pilot study also suggests that the following analysis framework may be 
used for systematic analysis of population viability.  
 

population growth dynamics

stationary stochasticnon-stationary stochastic

density dependent
process

wiener drift processtrue non-stationary
stochastic process

several distinct stationary
stochastic processes

non-Markovian

Monte Carlo simulation based hypothesis
test for true density dependence

Test for convergence of mean log
lambda with increasing sample size

Tests for normal
distribution of log
lambda

Visual and t-tests for
presence of several distinct
stationary processes

•T-test for mean log lambda < 0
•Extinction probability
estimates with confidence
interval
•Persistence time
distribution estimate

•Persistence time
distribution estimate

•Persistence time
distribution estimate

•Extinction probability
estimates with confidence
interval

•Short term status
indicator based on running
average of log lambda

 
Figure 5: A framework for systematic analysis of population viability 
 
Amin, R. 1997. Captive Bred Partula Population Dynamic Analysis. BSc thesis, University of 

London. 

Taylor, B.L., Gage, T.B., Barlow, J., Mamelka, P. & Dyke, B. 1995. Mortality models for 
numerically small populations of mammals. In Ballow, J.D., Gilpin, M. & Foose, T.J. 
(eds.), Population Management for Survival and Recovery. Columbia University 
Press, New York.. 

Caswell, H. 1989. Matrix Population Models: Construction, Analysis and Interpretation. 
Sinauer Associates, Sunderland, Massachusetts. 
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Genetic & demographic management at the group level 
 

Georgina Mace 
Institute of Zoology 

Zoological Society of London 
Regent’s Park 

London NW1 4RY 
 
Within zoos, management takes place in two related, but very different contexts. First, there is  
management of animals within the zoo for health, welfare, stocktaking and enclosure 
management, for which ARKS is the primary computer package in use. Secondly, species are 
managed between zoos in population management programmes aimed at maximising genetic 
and demographic viability in captive populations. This  is generally achieved by analysis of 
data maintained in SPARKS. These are two rather different kinds of analysis that ultimately 
depend upon the same basic information about individual animals. In an ideal situation, where 
there is good information on individual animals within the zoo, ARKS data and local zoo 
records can be used to develop complete studbook data sets for population management. 
However, for very many species, where individual identification is difficult, the information 
that appears in studbooks is incomplete, and for those where it appears to be complete, it may 
be inaccurate. The suggestion in this paper is that there is a point at which we would do better 
to collect and analyse information about groups of individuals, because the recommendations 
from faulty individual-based record systems may be misleading and potentially deleterious. In 
addition there are many species that we currently try to manage with limited success, and a 
number of others that we ought to manage, for which individual-based management is simply 
impossible. For both reasons the development of robust group-based management systems is 
now a high priority. 
 
New techniques are required for other reasons. There is an increasing emphasis on 
invertebrates and lower vertebrates in zoo breeding programmes which have many 
characteristics that make them effective choices for zoos [1]. Also, bird and mammal species 
that live in groups are often good exhibit choices, less prone to behavioural problems in 
captivity, and can be kept at larger total population sizes. In these kinds of captive 
populations, individual management may be neither possible nor desirable. Second, there are 
many zoo species where populations are not currently managed, because they are not a high 
conservation priority. Since existing methods are all quite demanding of time and resources, 
there are limits to the number of species that can be managed intensively. A need has long 
been recognised for low intensity management systems and it seems likely that group-based 
systems can provide a solution. 
 
One approach is to consider the different levels of knowledge we have about species within 
the zoo (Figure1). They range from cases where individuals can never be seen well enough 
even to be counted (Level 1), to cases where each individual is identified and parentage is 
known (Level 6). In practice, many species in zoo collections are effectively known reliably 
only at the level of counts, i.e. at Level 2, 3 or 4. For these species, individual identification is 
probably possible, but may require unjustifiable effort, invasive handling or treatment, or in 
some other way be considered undesirable. Parentage analysis may be possible by, for 
example, detailed behavioural recording or molecular genetic analyses, but the costs and 
difficulties may rule it out Although we possess tools for recording information at levels 1-4, 
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the methods that are now used for population management assume that we have information 
at level 6. Significant species for population management programmes are often managed at 
level 6 by using dummy or ‘best-guess’ data to deal with uncertainty in knowledge about 
identity or parentage. Management at level 5 does not really occur. Most level 5 species are 
forced into a level 6 kind of management, even if parentage is not known.  
 

1. Individuals cannot be counted at any life stage, or only
non-reproductive stages

2. Individuals can be counted, or their abundance estimated, at least at the
reproductive stage

3. Individuals can be classified into age or stage groups, at least at breeding
and non-breeding stages

4. Individuals can be classified into age or stage, and sex classes

5. Individuals can be identified

6. Individuals can be identified and parentage is known.

 

A B

A B AB C
AC

DC E

 
Figure 1:  The 6 levels at which information about a captive population may be collected. 
Our current management systems are limited to levels 5 and 6, although many species are 
really at levels 1-4. Many species that we manage as if they were in level 6 are probably in 
level 5, or even 4. 
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In some colonial and group living species, parentage may be assumed on the basis of 
behavioural information and observations. However this can be very misleading. In one 
molecular genetic study on Waldrapp ibis, Tomlinson [2]found that 43% of birds had at least 
one parent misidentified. The consequences of these errors are hard to generalise. However, 
genetic analyses that we use for population management based on pedigree simulation (‘gene 
drop’) [3] are like to be sensitive to errors in parentage assignment. In one simple experiment 
where errors were randomly introduced into a pedigree, even quite low levels of parentage 
errors (5%) led to wide variation in the estimates of number of founder alleles remaining 
(Figure 2).  
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Figure 2. Two hypothetical examples, illustrating the potential effect of introducing errors in 
paternity on the results of a pedigree simulation (‘gene drop’)[4] . The top graph is based on 
the pedigree of Arabian oryx (n= 167 ) and the bottom on the pedigree of Sumatran tigers in 
the EEP (n=98). In each of these pedigrees the last 30 individuals listed in a pedigree were 
chosen to be the extant population for management. The gene drop analysis was run at each 
error rate where alternative sires were chosen at random from sires up to 5 before and 5 
after the named sire in the studbook. In the Arabian oryx example the simulation was limited 
to sires known to have bred, but in the Sumatran tiger example, any individual listed in the 
studbook could be chosen. At each error rate 100 simulations of  100 runs were used to 
estimate the range of estimates of founder allele number. 
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Demographic analyses may also provide inaccurate results when parentage cannot be 
assigned. It will become difficult to estimate age-specific fecundity rates, and therefore to 
estimate the population growth rate. Where there are relatively large numbers of individuals 
with poor information on individuals, population level estimates of demographic rates, with 
associated confidence intervals may be a more accurate reflection of the species’ status. This 
is particularly true where there are changes occurring in the population with time, and 
estimates from the past do not provide an accurate assessment of the present or the future. 
 
There are possible solutions to these problems that need to be developed and evaluated. For 
genetic management, MAI [5] and group-based pedigree analyses offer potential solutions. 
For demographic analyses, field ecologists have long used methods based on population 
counts, age and stage-based group counts and these methods are well developed [6, 7].  We 
should now start to explore the costs and benefits of these alternative approaches, and 
consider when group-based population management should be employed, either as the only 
practical method or as the method of choice. Such developments do not affect the need for 
good and reliable information on individuals to be maintained by zoos whenever possible, as 
this is an essential component of good husbandry and responsible zoo practice. 
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Extending Pedigree Analysis and Management to Groups 
 

Robert C. Lacy 
Department of Conservation Biology 

Brookfield Zoo 
Brookfield, IL 60513 USA 

 
Presently, pedigrees of captive animals are analysed with techniques which use the matrix of 
kinship coefficients to derive measures of genetic variation, inbreeding, and value of 
individuals as breeders. Although these techniques were first developed for use in completely 
known pedigrees of diploid individuals, the concepts and methods can be extended to apply 
also to any entity (a genome) which contains genes derived from definable sources (e.g., 
individual, social or exhibit group, colony, managed population, gene bank). Thus, the 
kinship structure within and among such genomes can be determined, the relative gene 
diversity of each genome can be estimated, and the optimal genomes for crossing can be 
specified. Such techniques are sufficiently flexible to be applied also to genomes with 
uncertain ancestry. Thus, a genome with partly unknown ancestry or multiple possible parents 
can be incorporated into the kinship calculations, based on probabilistic assignment of 
parental contributions. 

Unlike individuals, genomes consisting of groups are subject to genetic change (primarily due 
to random drift, but also possibly selection) over time. Thus, when kinship methods are 
extended to genomes comprised of groups of individuals, determination of gene diversity and 
inbreeding of genomes must include consideration of the loss of genetic variation which can 
occur over time within each genome, during generational turn-over of its constituent 
individuals.  
 
Kinship analyses can be hierarchical. That is, the kinship relationships can be determined 
among individuals within groups, among groups of individuals, among broader populations 
consisting of multiple groups, or between genomes at different levels. For example, the 
kinships can be determined between a male animal and a harem of potential mates, between a 
colony at one zoo and colonies at other zoos, or between an animal in Europe and the North 
American Species Survival Plan population. Such kinship calculations can be used to 
determine the optimal transfer of individuals between groups, the optimal groups to combine 
to form new groups, or the optimal use of gametes from a gene bank to restore genetic 
variation to a breeding population. 
 
Generalised extension of kinship analyses allows full use of all available information about 
the ancestry of any genomes being managed. Although the genetic management can be 
optimised with respect to the available information, the retention of genetic variation within 
and among genomes will be constrained by the level of genetic information and the ability to 
manipulate genomes. If information is available only at the level of large populations of 
individuals, then the information contained in the high-level kinship structure will allow 
genetic management at only a broad level, and gene diversity may diminish rapidly due to 
genetic changes within the broad genomes. If the pedigree can be defined at levels closer to 
the individuals which comprise broader groups, the more detailed kinship analysis will allow 
closer genetic management and better retention of gene diversity. The costs, in terms of lost 
gene diversity, of not tracking and managing pedigrees at a fine level need to be examined to 
determine when the efforts should be made to obtain more precise genetic information. 
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Although the algorithms and equations for analysing pedigrees of any genomes have been 
determined (and will be presented fully in a paper in preparation), the flexible data 
management systems for collecting the requisite information (parental sources for each 
genome including probabilities of parentage, time of creation of each genome, changes in the 
size or number of constituent individuals of each genome, generation time of constituent 
individuals within each genome, and time and components of any sampling from a genome) 
are not yet available. Development of computer programs for calculating general kinship 
matrices and for using such information to manage populations also remains as a task for the 
future. 
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Avoidance of Inbreeding in Colony Management 
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Since the last decade zoo managers are used to computer studbook programs such as SPARKS 
[Scobie and Flesness, 1989] and ZRBOOK [Princée, 1989] which allows to compute inbreeding 
coefficients. Furthermore, additional programs like GENES [Lacy, 1994] can compute tables of 
inbreeding coefficients of hypothetical offspring for all possible mating combinations in the 
population within minutes. It will be clear that these programs require high quality studbook data, 
especially data on parentages.  
 
Data on parentages will generally be incomplete for species that live in groups. Social 
organisation, group size and the practicality of identification of individuals determine the extent 
to which parentages can be assessed. Molecular studies have shown that we have to be careful in 
making assumptions on parentages in colonies (i.e. multiple males and females). For example, the 
assumption that the alpha male has sired all offspring - a zoo practice in the past - has proven to 
be wrong for several primate species. Even data on colonies of monogamous breeders can be 
inaccurate due to extra-pair fertilisation. Data can also get lost due to difficulties in identifying 
the offspring before weaning or fledging. For example, calves born in large harems may not be 
individually tagged until the end of the breeding season.  
 
Molecular techniques like DNA fingerprinting can be used to reveal the parentages in harems and 
colonies. Yet, financial aspects and logistics will limit the use of these techniques. This especially 
refers to the management of species in (semi-) reserves. It may seem that minimising inbreeding 
in colony species is not feasible in practice. Princée [1995, 1998] developed management models 
to avoid inbreeding in populations composed of groups. These models do not require data on 
parentages within the groups and can, therefore, be applied on any species regardless its social 
organisation. 
 
The principles behind the models developed by Princée [1995,1998] are:  
1. A single maternal and paternal founder lineage is considered for each breeding group, 

regardless its composition, when the population is established. In the case that a breeding 
group refers to a pair, these lineages refer to the actual breeders. All offspring born in a 
group are considered siblings.  

2. Information on species-specific natural dispersal patterns are used to determine the 
‘genetic’ composition of each breeding group in each generation. In the case of sex-biased 
dispersal, individuals are exchanged as a sibling group between breeding groups at 
dispersal age  (e.g. macaques Macaca sp.). New breeding groups are established if 
offspring of both sexes disperse (e.g. African wild dogs Lycaon pictus). In the latter case 
male offspring born in group Y are combined with females born in group X. The models 
also anticipate on implementation of bachelor groups in population management.  

3. Exchange of individuals or formation of new groups is based on strict rules derived from 
the Maximal Avoidance of Inbreeding (MAI) schemes as developed by Wright [1921]. 
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General formulas of exchange patterns in each generation are presented in Princée 
[1995,1998]. 

 
The MAI schemes embed a large potential in minimising inbreeding in colony species. However, 
the requirement of establishing a number of groups which equals a power of 2 introduces a 
limitation, especially if one or more breeding groups fail to reproduce. Further studies are 
required to determine the best strategy in continuation of MAI schemes in such cases. 
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Introduction 
 
It is generally regarded that zoos need to manage the genetic and demographic characteristics 
of captive populations. Despite this, relatively few captive populations are managed in such a 
way. In the Australasian region, only 5.3% of all reptile, bird and mammal taxa held in zoos 
are monitored through a studbook, and just 3.4% are managed through formal population 
management plans (Johnson, et al. 1998)1. These figures are similar to those reported for 
other regions (Lees, 1997; Princée, this publication). 
 
Aspects of current methods of population management limit their application in zoos, and this 
might represent at least part of the explanation for the large proportion of species that remain 
genetically and demographically unmanaged. Today’s primarily specimen-level approach to 
population management is, for biological reasons, inappropriate for a wide range of species 
commonly held in zoos, and this is discussed elsewhere in this publication (see Hall, Mace, 
this publication). In addition to this, though, programs run at specimen-level require a degree 
of expertise not readily available in zoos, and require substantial investments of time to 
establish, and manage. Both of these factors are significant in limiting the number of 
programs currently being run within the Australasian region. 
 
Program management & time 
 
Co-ordinators of 11 of the current 44 Australasian programs conducted a program work audit, 
estimating the amount of time, in full working day equivalents, taken to establish and run 
population management programs in the Australasian region. Five areas of program 
management were separately evaluated. Only the time spent co-ordinating the programs was 
evaluated. Participating institutions may also spend time complying with program 
recommendations, however, it was assumed that in-house animal management times would 
generally be relatively unaffected by program recommendations.  
 
Program establishment times: 
1. Establishing a studbook data base 
2. Establishing a formal captive management plan agreement (CMP) - in the Australasian 

region the accompanying documentation includes a detailed analysis of the captive 
population, a review of the rationale behind the program and documents program 
methodology and parameters2. 

 
On-going program management: 
3. Studbook Management - collecting and collating studbook data 

                                                 
1 1,310 reptile, bird and mammal taxa are currently held in institutions that are members of ARAZPA, the Australasian 
regional zoo association. Studbooks are maintained for 69 taxa; the management of 44 of these taxa is subject to a formal 
Captive Management Plan. 
2 Time involved in reviewing, editing and publishing the document was not included 
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4. Data Analysis - analysis of pedigree data to monitor the demographic and genetic 
status of the captive population, and to produce breeding and animal transfer 
recommendations. 

5. Program Administration - all other aspects of program liaison, primarily compiling and 
distributing specimen recommendations and progress reporting. 

 
The study programs were selected as representative of the range of program size and type 
across all 40 existing programs. Mean captive population size in the study programs (62.3 
animals), and mean number of institutions involved (9.7 zoos) did not differ significantly 
from the average across all programs in Australasia (p > 0.05). Similarly, the study programs 
included the full range of expected 
management intensity, including complex 
reintroduction programs involving 
relatively large populations of rapidly 
reproducing animals (e.g. 135 Yellow-
footed Rock Wallabies) as well as limited 
programs for small populations of slow-
breeding species (e.g.17 Freckled 
Ducks). In all study programs, captive 
populations already existed prior to 
establishing a program. 
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Figure 1. Estimated time (equivalent number of full days) taken to establish
a captive management program in the Australasian region
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Results 
 
In Australasia, establishing a captive program represents a substantial time investment, 
averaging the equivalent of 38 full person days per program, or approximately 17% of a full 
working year (see Fig. 1). (Note, however, that this process tends to be spread over a much 
longer period, usually taking longer than a year from inception to full establishment.)  
 
Once established, an Australasian captive program takes, on average, 20.4 full person days 
per year in on-going management3. This represents approximately 9% of a full-time person 
per program. Studbook management and program administration are the most time-
consuming components of program management, together making up approximately 90% of 
the total time required for on-going 
program management (Fig. 2). 
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Figure 2. Estimated time (equivalent number of full days per year) spent
running captive management programs in the Australasian region
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Once planned deletions and acquisitions 
are accounted for, Australasian zoos plan 
to maintain 1,604 taxa (Johnson et al., 
1998). It can be assumed that, were 
resources not limiting, it would be 
optimal to manage demographically and 
genetically most of these taxa. The 
figures above would suggest that 
establishing programs for 75% of all taxa 

                                                 
3 The Australasian region is relatively small in international terms, comprising an association of only 39 institutions. 
Australasian captive programs, therefore, tend to be correspondingly smaller than those in other regions, therefore these 
results can be expected to underestimate the time involved in managing captive programs in, for example, North America 
and Europe. 
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planned would require 191 person years. In addition to this, the ongoing management of these 
programs would require the equivalent of a further 102 full-time specialist staff. 
 
There is, in fact, little evidence of much increase in the number of taxa being managed over 
recent years. An assessment of program data over the past six years (Lees et al., in prep; 
Johnson et al., 1998; Hopkins et al. 1997, 1996; ASMP, 1995, 1994) indicates that the rate at 
which new programs are being developed has slowed dramatically. The first four years of this 
period averaged a 27% increase each year in the number of programs being managed. Over 
the past two years, however, the total number of programs operating has declined by 2.5% per 
year (with several programs lapsing as a result of lack of co-ordination). Indeed, even 
maintaining existing levels of population management (less than 4% of species held) appears 
to be critically dependent on current sources of zoo funding. Population management in 
Australasian zoos is disproportionately reliant on government-funded institutions that are able 
to resource the training and support of specialist staff. In total, the 39 ARAZPA member 
institutions employ approximately 1,400 staff4 (de Koff, 1998; unpublished ARAZPA 
membership data). Zoos relying on government funds employ less than 75% of all these staff 
(1016), but support the activities of co-ordinators of 95% of all Australasian captive programs 
(42 of the 44 existing programs). 
 
Discussion 
 
Methods of population management at the specimen-level, such as tend to be currently 
employed in zoos today, are complex, require a high level of expertise and a substantial 
investment of zoo staff time. It seems likely that these factors are significantly limiting the 
extent to which zoo populations are being effectively managed. Further, the existing, 
inadequate levels of population management in Australasia are critically dependent on public 
funding, and are therefore dependent on current public policy. 
 
Aspects of population management which are the most time-consuming, and therefore 
limiting are: 
• time to establish a program 
• intensity of data gathering 
• program administration time 
 
Alternative methods of population management that reduced any or all of these factors may 
allow us to increase the number of species managed in captivity. Approaches to population 
management which treat the unit of management as the group (e.g. colony, flock, enclosure, 
etc.), rather than the individual specimen, provide an avenue to develop less intensive models 
of population management which may go some way towards achieving this goal.  
 
Models of group-level population management require less data than current specimen-based 
approaches, and tend to be simpler, allowing on-going management to be automated to some 
degree. For example, the largely automated Maximum Avoidance of Inbreeding scheme 
requires little detailed data, and can be used to pre-determine transfer and breeding 
recommendations a number of generations in advance (Princée, 1995). The effectiveness of 
the scheme, however, is substantially undermined if it is not imposed at the founding stage, is 
sub-optimal for species with non-overlapping generations, and allows little flexibility in on-
going management. If further development of group-level population management schemes 
                                                 
4 Excluding staff involved in ancillary commercial activities (e.g. catering, amusement park operations, etc.) 

 31



can overcome these problems, they could provide the most effective way to improve overall 
standards of population management in zoos.  
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Institutional Animal Records and the Group 
 

Pamela Barker 
 
 
If one of the tasks at hand is to develop new strategies for maintaining institutional animal 
records for which the GROUP is the basic functional unit, then we must begin by reviewing 
the PURPOSE for which animal records are maintained. 
 
PURPOSE 
 
Institution-based animal records are maintained in order to provide information fundamental 
to the operation of a zoological collection. 
 
Data and other records made available through this process provide the foundation upon 
which sound, scientific and conservation orientated population, collection and business 
management decisions may be made.  Effective management of zoological collections is not 
possible, locally, regionally or globally, in the absence of accurate data. 
 
In addition to these primary functions, animal records also provide valuable information with 
regard to husbandry, research, education, training, and even marketing/public relations. 
 
The next step is to identify the problem(s). 
 
PROBLEM(S) 
 
Institutional animal records-keeping practices have traditionally focused on the individual; 
that is, the basic functional unit of record is the individual SPECIMEN.  The problems facing 
us as a result can be identified as follows: - 
 
A. Historical information missing / inaccurate 
B. Groups in which parentage of individuals cannot be accurately determined leading to 

inaccurate and/or missing pedigree data 
C. Groups in which Individual are not easily identifiable 
 
Having identified the problems, we can begin to discuss and develop possible solutions. 
 
SOLUTIONS 
 
A. Historical Problems 
 
Developing new strategies for institutional animal-records management will not now solve 
the problem of missing or inaccurate historical data.  However, it is not too late to learn from 
past mistakes.  Examining historical records and identifying what critical data are not 
available or not accurate (and why) may help us focus on what information MUST be made 
available and how this task can best be achieved. 
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B. Parentage Unknown 
 
In some cases, it may not be possible to precisely determine the exact parentage of each 
animal due to complex social structure and/or mating systems.  If we are not diligent, this 
may lead to poor and/or missing pedigree data (see problem number one). 

In these situations, in order to maximise the value of data recorded, the individual specimen 
MUST continue to be the basic functional unit of record.  That is, just because a lower 
intensity strategy for population management might be indicated due to an inability to 
accurately determine precise individual pedigree, does not mean that the individual specimen 
record is no longer of value. 
 
C. Individuals Not Identifiable 
 
If it is TRULY not possible to identify individual specimen (or in some cases even count the 
total number) by reasonable means, then we must learn to focus on the GROUP; that is, the 
group becomes the basic functional unit of record. 
 
However, critical required data remain basically unchanged; it is the manner in which this 
information is created, recorded and retrieved that may be different. 
 
PRIORITIES  
 
It is not possible, due to limited resources, to manage every species in captivity at the highest 
level of intensity.  In order to make the most efficient use of available resources it is 
necessary to identify priorities and manage species accordingly; limiting factors both 
biological and/or practical in nature should be taken into consideration. 
 
Nanette Bragin, Registrar, and Mike Demlong, Curator of Ectotherms, at The Phoenix Zoo 
have prepared a paper entitled "Ideas for Record Keeping and Population Management of 
Captive Groups/Colonial Species (see this publication) that illustrates this point. 
 
SUMMARY 
 
In summary, maintaining institutional animal records is as fundamental to the operation of 
zoological collection as cleaning enclosures, feeding animals and providing environmental 
enrichment. 
 
If appropriate data are not available, are incomplete or are inaccurate at the institution 
level, then it is not possible to carry out EFFECTIVE population, collection or business 
management at the local, regional or international level nor can it be determined if goals 
associated with these management plans are being met unless careful, detailed analysis of 
available information is carried out.  Accurate and complete animal records are a VITAL 
component of this process. 
 
In light of this fact, it is incumbent upon us as scientists, population, animal and records 
managers, in conjunction with software developers, to ensure that the appropriate data are 
created (reported), recorded, retained AND easily retrievable. 
WISH LIST 
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1. Standard software compatible with existing systems that allows for varying degrees of 
information and population management intensity. 

 
2. Guidelines for the standardised use thereof. 
 
3. Staff training in order to prevent reporting fiction as FACT (and learning about the 

social structure of group living animals so that we can know the difference). 
 
4. A greater degree of automated validation (to aid in the battle against human error). 
 
5. A greater degree of communication between institutional records and population 

management software. 
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Ideas for record keeping and population management of captive 
groups/colonial species 

 
Nanette Bragin, Registrar, The Phoenix Zoo 

Mike Demlong, Curator of Ectotherms, The Phoenix Zoo 
 

Developing a record keeping and population management method for animals managed in 
groups in which individuals are not easily identifiable will be a challenging task for records 
and population managers.  There may not be a right or wrong method or even one method.  
However, the frustration of keeping records at the institutional level, as well as developing 
methods to manage populations targeted for conservation purposes, mandates the need to 
create a working method. 
 
There are various degrees of management of captive animals.  Some methods are labour 
intensive, expensive, and may be driven by a co-operative program (Mexican wolf, black-
footed ferret SSP).  Other methods use minimal resources in record keeping, husbandry, and 
cost of facilities (razorback sucker program at The Phoenix Zoo).  Managing with minimal 
resources may be due to a species having low priority for conservation or exhibitory purposes.  
More intense management may be necessary if a species has a high priority for conservation 
or exhibitory.  Intense management may also be necessary even if a species is of low priority, 
but deemed a surrogate species.  Such surrogate species may be necessary for developing 
protocol for a similar high priority species.  Limited resources drives our various levels of 
management, therefore, it is necessary to develop a similar system of group management with 
various categories. 
 
We recommend developing 3 categories for managing groups.   
1. Category One would use minimal standards in record keeping and husbandry.   
2. Category Two would use intermediate management in records keeping and husbandry.  

The main purpose of this category may be to develop life history and husbandry values 
for a particular species, but, once established could be converted to Category One for 
minimal management.   

3. Category Three is similar to Category Two, but chances of downlisting to minimal 
management are unlikely.  This category would be defined by species needing high 
management priority for captive refugium management, re-introduction or long term 
exhibition purposes. 

 
CATEGORY ONE 
 
Examples of Category One Group Species Include: 
 
• common, ephemeral, locally available species used for education/exhibition. 
• not-threatened, endangered, or of special concern. 
• one number given to colony, regardless if divided into smaller colonies.  However large, 

long-lived species (> 2 years), or easily identified animals may have an individual 
number, (e.g. tarantula, lobster). 

 
This category would be for animals we do not need to devote a lot of resources to in 
managing.  Species such as grasshoppers, walking sticks, jellyfish, etc. are animals that 
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keepers and curators may not deem necessary for intense managing.  They are essentially 
thrown in a tank, given one ID number and given basic care.  They may be split up for various 
education or exhibit programs. 
 
Example of category one management: 
 
At The Phoenix Zoo we assign one group number to a species such as leaf cutter ants, bark 
scorpions, etc.  The staff has a list of these numbers and uses them to refer to 
acquisition/disposition, and/or management notes of a group.  For example:  a  curator 
collects 2 bark scorpion from the wild.  He then records the acquisition on the daily report.  
As part of the record, the place of capture, age (if known, or what life stage animal is in), 
where they were placed on zoo grounds, and any pertinent management notes will be 
recorded on the daily report.  This information is then entered into the ARKS3 program under 
its’ group number.  Births and deaths are recorded as they occur for some species, (eg.:  
tarantulas), while quarterly counts are made for more prolific, ephemeral species like walking 
sticks. 
 
Recommendations: 
 
• Often it is difficult to know which specific animals died or were sexed.  Part of the 

frustration with ARKS3 is having to make separate entries for different sexes.  It would 
be advantageous to have a program that allows recording a birth/death in one entry 
whereby one could plug in the numbers, e.g. 1.3.2 died.   

• Develop a mechanism to adjust inventories especially for ephemeral species that are 
censused periodically, and/or when sexes change.   

• Design a program that monitors a group of the same genetic material being split into 
various aquariums. Many institutions will not justify the resources for intense 
management of a category one (ephemeral) species.  Instead, they will use one group 
number as The Phoenix Zoo does.  This can be frustrating when tracking a species 
history.  Everything has to go in special comments, including where animals are moved, 
and how many.  For example:  a group of grasshoppers is split into 3 aquariums, one for 
the education department, one for the children’s zoo, and one for research.  If there was 
a built-in (nested) enclosure system for monitoring moves and how many moved, then 
the group would be easier to track.  

 
CATEGORY 2  
 
Examples of Category Two Group Species include: 
 
• common species maintained for breeding, basic research, or determining husbandry 

requirements.  These species may be surrogate species used to develop husbandry or 
population management techniques for a similar species of special concern.   

• colonies would have separate numbers if housed separately. 
 
Category two would involve intermediate management to develop standards and values for a 
species.  This species might serve as a surrogate species, providing information used on a 
high priority species for conservation or simply a new species of interest to staff.  In this 
category the institution has the option of gathering desired data than downlisting it to 
Category One.   

 37



Recommendations: 
 
• Managers would track acquisition/dispositions, when groups move, and husbandry 

parameters.  Built into the institutional software would be fields to periodically census a 
species.  These fields would allow entry of all eggs, larvae, nymphs, instars, adults, etc. 
If you are trying to understand the natural history of a species you would census at 
frequent intervals to develop a life table.  After a large enough sample is taken you 
could develop the various values for the development of a species.  The program would 
then have the capability of allowing you to plug in those values for that species.  For 
example, if egg to larvae takes 2 days; larvae to pupae takes 4 weeks, and pupae to adult 
takes 2 days, one could plug those values in for a particular species.  Then, every time 
you work with those records you can estimate forward or backwards, these life table 
values.   

• There should also be a mechanism for recording the genetic composition of a 
population.  Instead of 2 fields for dam and sire this may require multiple fields for 
entry of numerous groups merged into one. In addition, there should be the capability of 
recording the merging of two colonies from different institutions.  For example, The 
Phoenix Zoo acquires colony #1963 from St. Louis and merges into colony #2222 at 
Phoenix.  At the very least the institutional records should have the capability to record 
these origins (the provenance as well as genetic origin), and resulting composition of 
the new group which could be exported to a studbook program. 

• There should also be a mechanism for calculating the percent representation of various 
groups merged into one.  For example:  if colony number 5 is composed of 10% of 
colony 1; 15% of colony 2; 25% of colony  3; and 50% of colony 4, there is a 
mechanism to record this.  Then if colony 5 is merged with another colony of known 
genetic percentages, the program would re-calculate % representation of the newly 
formed colony.   

 
All of these records and statistics should be available for exporting into a studbook program.   
 
CATEGORY 3  
 
Examples of Category Three Group Species include: 
 
• careful records of founder origins and genetic composition of “group” 
• mechanism for calculations of genetic and demographic values. 
 
Category Three is similar to category Two, but involves more intense management of a 
species.  Category Three may involve the management of a species that is part of a co-
operative program which will always require intense management, so that downlisting to 
category one is probably not an option.  For example an institution may acquire a species (e.g. 
Partula snail, Kanab ambersnail) which is part of a co-operative program, an endangered 
species, and requires intense management.  
 
In this category records must be kept on how the population (either at an institution or across 
a region) is bred, eg.: line breed, cross breed, or infusion of wild stock.  This category will 
involve institutional and studbook records so there must be mechanisms to calculate values to 
help in population management in much the same way as SPARKS does.  The following list 
are examples of what values may be needed:  mean kinship, founder allele representation, 

 38



inbreeding coefficient, number of founders, generation length, growth rate, genetic diversity, 
species dispersal pattern, ordered list of mean kinships. 

Conservation programs for animals managed in groups is increasing (Partula snails, Kanab 
ambersnails, razorback suckers).  So far, managing these populations in captivity is more 
difficult than managing populations whose animals are individually identified, since we lack 
effective software and methods.  The time has come to focus on these populations and their 
needs. 
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SECTION 2 

Taxonomic Working Groups 
 
INTRODUCTION 
 
In this section we present reports from the taxonomic working groups on invertebrates, lower 
vertebrates, birds and mammals. Each group identified and discussed the following issues: 
1. Record keeping and husbandry problems 
2. Programme management problems 
3. Limitations and gaps in methods currently available and used 
4. Possible solutions? 
 
The following are the reports from the different taxonomic working groups and also a 
summary. 
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Invertebrates Report 
 
Notes on problems with recording colony species 
 
1. Basic species lists considerations 

a) Number of developmental stages (eg. eggs, larvae, pupae, adults) – note diapause 
within stages 

b) Sexes (e.g. sexual, asexual, hermaphroditic, parthenogenetic) 
c) Reproductive strategy (as above, i.e. concepts like budding, jellyfish strobilation) 
d) Number of animals (eg. locust exhibit) 
e) True colonies (wasps, bees, corals) 
f) High variance in population number/stages (e.g. seasonal) 
g) Accurate counting of numbers impractical (e.g. large populations, at certain 

development stages, i.e. newly hatched spiders) and in addition, 
h) Impossibility of ascertaining numbers (eg. eggs in a egg sac or ootheca, brooding 

young) 
i) Difficulty in assigning deaths (e.g. disappearance of body) 
j) Practicalities of frequency of assessing population (important not to miss change 

from one stage to another, linked to time span) 
 
2. Controlled conservation populations.  As above, plus, 

k) Individuals unidentifiable either throughout or at some stage of the life cycle – 
includes inability to link birth, death, growth or transfer data to an individual 

l) Unusual types of events (e.g. moulting, growth, sperm storage, oviposition not 
known egg production) 

m) Temperature dependent sex determination (effects of environment) 
n) Difficulty in assigning “sire” or “dam” (what about male pregnancy in seahorses?) 
o) Non-breeding “adults” in the population affect measures of fecundity 
p) Males in population with non-reproductive potential (e.g. bees) 
q) Treatment of generations 
r) Meta-population management 
s) Detail of transfer information (i.e. sheer volume of data involved) 
t) Sub-populations, forms (i.e. chirality in snails), and 
u) Family trees of groups not individuals 

 
Concepts aiding colony treatment of data 

• Ability to be tailored to species, but analysed in standard form 
• Analysis from a colony perspective 
• Use of development stages rather than age classes 
• More accurate growth data based on developmental stages 
• Ability to approximate numbers at certain stages/all stages 
• Counts based on time interval 
• Application for wild populations (e.g. herds, troops etc.) 
• Standardisation across collections (by method and time intervals) 
• Efficiency and ease of use 
• Data analysis and data collection should be in the same software framework 
• Programmes need a centralised database for optimum management, analysis and 

communication 
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Lower vertebrates Report 
 
Record keeping and husbandry 
 

Reptiles Amphibians Fish 
   
Individual ID possible but 
often difficult 

 Individual ID not always 
possible 

Group size can be large 
(social/exhibit) 

  

Parentage difficult/impossible 
to determine 

  

Staff time and resources   

Delayed implantation/sperm 
storage 

Complex life history 
within different ID 

possibilities 

Sex changing 

Temperature dependent sex 
determination 

  

Sexing   

Basic counts and census 
methods 

  

% of stock from wild   

 
Population management 
 

Reptiles Amphibians Fish 
   
Founder representation cf. 
fecundity 

  

Surplus disposal, country 
legislation and institutional 

  

Record systems individual 
based but not designed for 
reptiles (rearing methods) 

  

Target population sizes   

What point animal “born” 
and accessioned 

  

Pet trade/hobby significant 
factor 
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Filling gaps/possible solutions 
 
• Marking methods – where individual ID is essential 
• Potential for large population sizes 
• Standardisation of methods – management/records 
• Collection review and planning related to programme development 
• Links with wild stocks and consideration in programmes 

improve exploitation 
potential for good founder stocks 

• Stage identification 
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Birds Report 
 
Data collection 
 
Problems: 

1. Individual identification – limited resources for surgical or molecular genetic 
methods 

2. Difficulty in censusing some populations 
3. Paternity – is what we see what we get? 

 
Solutions: 

1. All individuals should be marked – if (when) they are marked individual data 
should be collected – valuable for demography 

2. Automated data collecting/censusing techniques 
3. Behavioural/molecular comparisons 

 
Management 
 
Problems: 

1. Can not control mate choice 
2. Can not control productivity easily 
3. Incomplete demographic information 
4. Group size limits/controls productivity 

Solutions: 
1. Management systems that limit mate choice 
2. See above or step on the egg 
3. Use sampling to predict life table/demographic values 
4. Accept you need large groups 
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Mammals Report 
 
• Abundance can be counted (at least estimated) 
• Specimens can be categorised into classes 
• Specimens can not always be sexed (taking practical considerations into account) 
 
ID 
 
• For group taxa individual ID can be difficult – depending on 3 factors; 

1. group size 
2. body size 
3. enclosure size 

• Can be inadvisable to catch animals to identify 
• In multi-male groups – can not be sure of father 
• In multi-female groups – can be sure of mother 
 
Event uncertainty 
 
• Neonatal mortality  birth + death unrecorded 
• Delayed implantation, undetectable births – marsupials, bears, pandas  birth data 

unrecorded 
 
Population management problems 
 
• Social groupings can preclude transferring new genetic lines into group 
• Exhibit needs can override natural social groups 
• Infanticide by newly arrived males 
• Individual incompatibility 
• No discrete “stages” when viewed as a population 
 
Solutions? 
 
• Swapping all the males from a group at one time 
• MAI or other similar strategy 
• Assisted reproduction (as a point of an approach) 
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SUMMARY OR PROBLEM IDENTIFICATION 
 
Genetics and Demography 
 
Problems 
1. Individuals may be incompatible, though genetically matched. 
2. Available demographic information is often incomplete. 
3. Difficult to identify the data that must be collected from a species for useful population 

management. 
4. Problems collecting basic census information. 
5. Difficult to define target population sizes and minimum viable population sizes (within 

and among collections). 
6. Social groupings may be difficult or inadvisable to disrupt. 
7. Exhibit needs may over-ride natural social groups. 
8. Infanticide by newly arrived males. 
9. Delayed implantation, sperm storage. 
10. Temperature (or pH etc) sex determination. 
11. Can not control mate choice. 
12. Can not control productivity and fecundity may be very high. 
13. Diapause within development stages. 
14. Females with non-reproductive potential e.g. Hymenoptera, or non-breeding adults. 
15. Basic taxonomic issues of species, sub-species, population and race. 
 
Strategies 
1. Use sampling to predict life table/demographic values. 
2. Opportunity with many lower vertebrates/invertebrates to establish large population 

sizes. 
3. Swapping all males from a group at one time (mammals). 
4. Maximum Avoidance of Inbreeding (MAI) or other similar strategy. 
5. Assisted reproduction (as part of an approach). 
6. Management systems that limit mate choice. 
7. Programmes/software that enable both data collection and analysis. 
8. Large populations can utilise existing models for wild species e.g. in reserves. 
 
Record Keeping and Individual Identification 
 
Problems 
1. Individual identification:  

- limited staff time for counts  
- large group sizes 

2. Identifying paternity 
3. Few mammals with discrete ‘stages’ when viewed as a population. 
4. Identification of individuals depends on group size, body size and enclosure size. 
5. May be inadvisable to (catch and) identify from health/welfare perspective  
6. Neonatal mortality - unrecorded births and deaths. 
7. Delayed implantation, sperm storage - unrecorded birth date. 
8. Decisions at which point animals should be considered ‘born’ - at pipping, hatching, 

after x weeks etc. 
9. Number of herps/fish in the pet trade that may re-enter programmes long after they have 

been surplused. 
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Strategies 
1. Marking individuals - but ensuring that there is a good reason for the data collection. 
2. Development of automated data collection/censusing techniques. 
3. Behavioural/molecular comparisons. 
4. For most mammal species, abundance can be counted (at least estimated), though 

specimens cannot always be sexed. 
5. Standardisation of record-keeping methods and classification of life history stages. 
6. Programmes/software that enable both data collection and analysis. 
 
 
Minimum record keeping requirements exist: 
 - within institutions 
 - within zoo organisations 
 - within geographic areas 
 
Guidelines already exist for: 
 - surplus disposal 
 - acquisition  
 - recording births/deaths etc. 
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SECTION 3 
 
At the start of the second day all participants contributed to a general discussion about 
problems and possible approaches to managing species of the level types 1-6, discussed on 
page 21. 
 

Level Discussions 
 
LEVEL 1 
 
Individuals cannot be counted at any life stage, or only at non-reproductive stages 
 
Problems 
 
Level 1 type species can only be considered and recorded as units - e.g. a colony, a swarm, a 
cloud.  For convenience such units are referred to as ‘clouds’ throughout the ensuing 
discussion, but this measure is not correlated with the number of individuals, which is 
unknown. Therefore it is not possible to undertake any real genetic or demographic analysis. 
Also in this category are species which can only be counted at a non-breeding part of their life 
history. Since there is no information on the breeding population size, this information is not 
useful for any kind of demographic analysis, except where other information suggests a 
reliable relationship between the size of the breeding and non-breeding stages. If this were the 
case the species can move to level 2. 
 
Possible solutions 
 
1. For clonal species - the number of ”fruiting” bodies important 
2. Find surrogates for measures of population size - a good knowledge of the life history 

will help here. The best measure will be something that relates to the size of the adult 
breeding population. Then the species can be treated as a level 2 species. 

3. For all species the maximum interval between recordings of status will be 1 lifetime, 
but ideally less. For monitoring purposes it is important to know a typical lifetime or a 
generation length, and related research programmes should be designed to discover 
these. 

 
Demographic considerations 
 
Recognise that measures here may be only loosely, if at all, related to the status of the species. 
• Monitor changing cloud size and trends in ‘clouds’ 
• Life history + biology - programmes to collect basic biological information will be 

important 
 
Genetic considerations 
 
• Molecular genetic techniques can be used to investigate differences between ‘clouds’ 

and changes within ‘clouds’ over time. 
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Examples 
 
Bees, ants, corals, large fish schools etc. (‘clouds’) 
Bees 

• compare the number of young colonies to mature colonies 
• compare the number of colonies over time 

Corals 
• measure the change in mass (e.g.) monthly 
• what is the smallest “cutting” (critical mass) that will survive? How does survival 

rate relate to size of cutting, age of cutting etc.? 
• pedigree data – origin/no./age 

 
 
LEVEL 2 
 
Individuals can be counted, or their abundance estimated, at reproductive stage only 
 
Problems 
 
For some reason, including practical reasons (resources/management) only the reproductive 
individuals, or the adult stage in the population can be counted. The numbers present on other 
ages or stages are unknown. Since it is the breeding stage that is known, an estimate of the 
effective size of the population is obtainable. This is better than the case described in level 1. 
This may include species in free flight aviaries, semi-wild large enclosures, tropical houses 
etc. 
 
If the stage you can count does not provide relevant information  Level 1 
 
Demographic considerations 
 
• Can count numbers over time and can make projections of estimated future numbers 

from these counts and their variance. 
• Studies of natural history may help to determine an estimate of Ne 
• Generation length is needed to set the time between counts. 
 
Genetic considerations 
 
• Need group pedigree to survey differences between groups and estimate within group 

decay 
• Calculate generation time -various techniques can be used 
• For group pedigrees information on the number and source of founders is needed, as 

well as tracking individuals that are moved between groups. 
 
Examples 
 
Prairie dogs, dung beetle, Lepidotera, field crickets 
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LEVEL 3 
 
Individuals can be classified into age or stage groups and counted at least at breeding + 
and non-breeding stages. Minimally there are two stage counts here, but ideally more. 
 
At this stage, we assume that stages are recognisable, countable and significant. This means 
that counts of all life stages (minimally the breeding and the immature stage) are available. 
Demographic analysis is now possible. 
 
Problems 
 
• We have complete life tables so full demographic analysis is possible because we have 

age/stage specific fecundity/mortality. There is a potential problem in sex changing 
species where you cannot tell sexes. Demographic analysis will then be unreliable. 

 
Demographic considerations 
 
• Life table construction is possible by several means: 

1. longitudinal counts 
2. stage specific death and birth counts 
3. cross sectional counts – entire population counts (eggs, juveniles, adults etc.) – 

where we assume stable structure (equilibrium) 
 
Genetic considerations 
 
• No extra genetic data at Level 3 from Level 2, except better estimate of generation 

length because the estimate from the life table is now available. Alternatively 
generation length can be estimated directly in a group from the turnover rate – it is 
possible if tag an entire cohort and measure time for replacement 

• For group pedigree analysis, information is required on the date of formation of each 
colony, origin of the colony, date of mixing and amount from each parent colony. 

 
Examples 
 
Some amphibians, tadpole shrimps, free-flight birds, bats 
 
 
LEVEL 4 
 
Individuals can be classified into age or stage, and sex classes, and counted at least at 
breeding and one non-breeding stage. 
 
Now we can do separate life tables for each sex, and analysis of genetics incorporating sex 
differences in reproductive success. More detailed analysis is possible, and so wherever 
possible level 4 should be used instead of level 3. 
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Problems 
 
• Level 4 is particularly important for polygynous species. To account for polygyny 

information on the degree of polygyny is important. An associated experimental study 
could be undertaken to estimate the distribution of lifetime reproductive success in 
males and females. 

• Any estimate of male reproductive success needs to be continued over >1 breeding 
season to account for changes in contribution with age and time. 

• Consider worse case scenario (genetic) i.e. if dominant male is the only one that breeds. 
• Can not necessarily extrapolate genetic information (molecular data) between 

collections if keeping/husbandry regimes affect reproductive success. 
 
Demographic considerations 
 
This is like level 3, except that the ability to create sex specific life tables improves precision. 
The ability to count sexes separately can help with the estimate of Ne 
 
Genetic considerations 
 
• assessing male + female contribution separately is important 
• molecular genetic studies can be used better estimates of kinship structure between 

different groups and the rate of decay within groups. 
• management of separate sexes, e.g. moving all male groups may be considered. 
 
Examples 
 
Partula, most sexable fish. 
For management reasons this might also include mammals maintained in large herds (oryx, 
horses, zebras etc.), ring tailed lemur, large multi-male primate groups 
 
 
LEVEL 5 
 
Individuals can be identified 
 
• This level probably describes a large number of zoo species. The individuals are known, 

but frequently parentage and precise birth dates are uncertain.  
• Individual id. must be a physical mark/tag as well as a written record and the two must 

be linked. 
 
Often we know the full pedigree for some individuals but not for others. There is a decision to 
be made on whether to manage all at level 5 (or even 4) or invest in other techniques in order 
to manage at level 6? This is an important question which will sometimes be species-specific 
but some generalities should be sought. 
 
• Data collected from individuals allows some new analyses. However the advantages are 

limited when there is no parentage information. 
 
Problems 
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• Individuals are identifiable, but can only record births and deaths.  
 
Demographic analyses 
 
• Individual records enable precise life tables but it may take a long time for there to be 

sufficient data, and if there are changes over time there may be a continuing sample size 
problem. 

• Can now use mark-recapture methods to estimate population size and growth rates. 
• Can easily identify and analyse cohorts 
• Can now directly estimate generation time 
 
Genetic analyses 
 
• Molecular studies would provide more specific results because they are from known 

individuals. Ideally would track all individuals through life but practically may follow a 
small number to estimate population wide parameters. There is a research question 
about how much you need to know to get a robust estimate. 

• There is better definition on the genetic make-up of groups (deduced from molecular 
analyses), but this will break down with more breeding and larger groups. 

• Individual id. enables easier tracking of individuals between groups and therefore 
theoretically a complete knowledge of the history of groups and their lineages.  

 
 
LEVEL 6  
 
Individuals are identifiable and parentage is known. 
 
This is the situation that current zoo population management techniques are designed for. 
This is the ideal situation and the one that should be used when realistic. 
 
However, there has been perhaps too much assumed about the accuracy of recorded 
information, and the level of uncertainty is not always taken into account at present. In 
particular, founders not always known and the relatedness between founders are generally 
unknown. Errors in recording of information have rarely been quantified. 
 
ADVANTAGES FROM MOVING UP FROM LEVEL 1 TO 6 
 
• Level 1 to level 2.  This is a big advantage, with more genetic than demographic 

benefits 
• Level 2 to level 3.  Advantages for demographic analyses. 
• Level 3 to level 4. Both genetic and demographic advantages. Probably well worth the 

effort to get to 4 if there are separate sexes. 
• Level 4 to level 5. Rather surprisingly there are few genetic advantages that arise 

directly except for recording of individuals moving between groups. Demographic 
advantages occur only where there are good data. The best thing about level 5 is that it 
takes the population closer to level 6. In some cases level 4 may be preferable to level 5. 

• Level 5 to level 6. Proper genetic analysis now possible. 
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SECTION 4 
 

Techniques Discussions 
 
This section contains the two working groups (data record group and research group) 
discussions about gaps in current techniques. 
 
A. DATA AND RECORD WORKING GROUP 
 
Question: 
 
What are the gaps in current techniques? 
 
Discussion: 
 
Matrix 
 
Problems with collecting these kinds of data under current systems considering: 

• records systems & software 
• legislation 
• ethical & welfare 
• techniques 

 
level records + systems law ethics + welfare techniques 
1 • lack of 

standardisation 
• not on ISIS 

taxonomic list 
• no time interval 

information for 
change in cloud 
size 

• records event 
driven 

• identifying basic 
cloud unit 

• movements of 
large groups of 
inverts (pests?) 
between/within 
countries 

• wild caught 
permits 

• endangered 
species acts 

• transport 
legislation 

• health 

• accidental release 
• trauma 

• problems 
finding/recording 
all dead bodies  

• practicalities of 
counting cloud 
nos. 

• tracking cloud 
pedigrees 

• how to measure 
cloud size 

2 • software exists but 
no standards 

• tracking pedigrees 
difficult with 
event driven 
record keeping 

• accuracy or 
availability of 
founder data 

same as above • behavioural 
enrichment 

• problems 
finding/recording 
all dead bodies  

• problems with 
hibernation/burro
wing affect 
accuracy of counts 

• defining adults 
• count interval 

must be defined 
• calculate 

generation time 
3 • must be able to 

record 
developmental 

same as above  • problems 
finding/recording 
all dead bodies  
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stages independent 
of age 

• every stage may 
not be counted 
accurately 

• recording relevant 
environmental 
information 

• identifying 
information that 
should be 
recorded from the 
start 

• longitudinal life 
table data may 
take long time to 
collect 

• identifying stages 
+ transitions 
between them 

• social 
structure/group 
size affecting 
demography 

4 • appropriate 
recording of 
bachelor groups to 
maintain pedigrees 

• recording 
enclosures: 
physically + on 
records 

• information of 
some species can 
only be single sex 
groups 
(butterflies?) 

• sexing can be 
invasive 

• standardising 
stages 

• accurate sexing 
• time + resource 

commitments 

5 • event driven 
recording systems 
work 

• want to be a 6 

 • tagging methods + 
visitors perception 
of some marking 
methods 

• individual 
marking + tagging 
- ability to 
guarantee 

6 • is really a 5   • parent id. 
 
 
 
B. RESEARCH WORKING GROUP 
 
Question: 
 
What are the gaps in current techniques? 
 
Why do we analyse and manage? 
 
• Maintain viable population 
• Predict demographic and genetic trends 
• Control trends and make management decisions 
• Use ex-situ data for in-situ management (PHVA’s) 
 
To ensure that we have viable populations, techniques must be able to maintain a given level 
of genetic variation 

• need ability to measure where we are 
• need ability to predict future genetic variation 

Maintain desired population size 
• maintain desired mean 
• minimise (within range) variance 

Maintain desired growth rate 
 
 
Available techniques: 
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Demography 
 
• Age structured life tables generated from individual records 
• Annual census, births/deaths from individual records (crude demographic analyses) 
• Analysis of seasonally breeding species 
• Time windows for limited periods of analysis (not yet automated) 
• Deterministic and stochastic projection models (e.g. Vortex) 
• Software/methods to estimate distribution of litter size 
 
Genetics 
 
• Simulation programmes – e.g. “gene drop” 
• Kinship matrix: MK (mean kinship), inbreeding, founder representation 
• Blood line assessment 
• Methods for estimating Ne (crude) 
• Projections 

− deterministic (e.g. Capacity) 
− stochastic (e.g. Vortex) 

• Estimation of kinship structure from molecular data 
• Use of founder kinships into pedigree analysis 
• MAI (maximum avoidance of inbreeding) 

Unavailable techniques: 
 
Demography 
 
• Variance and error estimates for demographic parameters 
• Life table estimates from census data 
• Specification of age intervals 
• Estimation of stage based parameters 
• Determine sample size - how big a sample is required to give robust estimates of 

demographic parameters 
 
Genetics 
 
• Good (precise) Ne estimates from genetic information 
• Good (precise) Ne estimates from demographic data 
• Stochastic projection with breeding system 
• Handle uncertainty (include confidence intervals) and possible parents 
• Handle non-diploidy species, or sex chromosomes 
• Group pedigrees, hierarchical analysis of pedigree genetics 
• Generate group-level estimates from individual data 
• Stochastic CAPACITY projection 
• Integrated CAPACITY with other analyses for updated programme evaluation 
 
Matrix of which techniques can be used per level 
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Available demographic techniques 6 5 4 3 2 1 
age structure + + N/A N/A N/A N/A 
Qx + + N/A N/A N/A N/A 
Mx + N/A N/A N/A N/A N/A 
litter size + + / N/A N/A N/A N/A N/A 
crude demographics       

census + + + + + N/A 
births + + + / N/A + / N/A N/A N/A 
deaths + + + / N/A + / N/A N/A N/A 

seasonality       
births + + + / N/A + / N/A N/A N/A 
deaths + + + / N/A + / N/A N/A N/A 

deterministic projections / lambda + + + + + N/A 
life tables + + / N/A N/A N/A N/A N/A 
stochastic projections + + + + N/A N/A 
+: available; N/A: not available       

       
Available genetic techniques 6 5 4 3 2 1 
"gene" drops + N/A N/A N/A N/A N/A 
kinship + N/A N/A N/A N/A N/A 
lineages + + + + + + 
Ne estimates + N/A N/A N/A N/A N/A 
deterministic projections (e.g. Capacity) + N/A N/A N/A N/A N/A 
stochastic projections (e.g. Vortex) + + + N/A N/A N/A 
decision support (+) N/A N/A N/A N/A N/A 
molecular kinship estimates + + + + + N/A 
founder kinship + N/A N/A N/A N/A N/A 
MAI + + + + + + 
+: available; N/A: not available       

       
Required demographic techniques 6 5 4 3 2 1 
error (age) Qx + + + + - - 
error (age) Mx + + + + - - 
life tables estimates from census data + + + + - - 
time period           age class + + + + - - 
stage based + + + + - - 
decision support + + + + + + 
sampling techniques + + + + + + 
stochastic projections / lambda based + + + + + - 
+: applicable; -: not applicable       

       
Required genetic techniques 6 5 4 3 2 1 
good Ne estimates + + + + + - 
good stochastic projections within   

complex systems + + + + - - 
handle uncertainty + + + + + - 
diploid/sex chromosomes + + + + + - 
group pedigree + + + + + + 
stochastic Capacity + + + + + - 
integrated decision + + + + + + 
+: applicable; -: not applicable       
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SECTION 5 

Level for Management 
 
Question: 
 
How to make choices the right level for management? 
 
General discussion: 
 
The general comments on this issue were;  
 
1. There are species across all taxa that are difficult or impossible to manage individually. 
2. There are some techniques available for management, but not appropriate to all. 
3. There are some potential conflicts – conservation vs. research 

• records 
• spp. biology 
• zoo exhibits 
• individual welfare 

 
Science   Realism   Zoo management 
Ideal solution   Spp. biology   Zoo solution 
 
The two working groups (data record group and research group) discussed and reported 
(below) on these issues. 
 
 
A. DATA RECORD GROUP 
 
Decision tree for deciding level of species management 
 
Clearly, with infinite resources and time it is possible to count, identify, sex (where relevant), 
and assign parentage to (again where relevant) any kind of organism. The questions below, 
e.g. “Can you count these”, assume that a decision will be made to count or not to count, to 
sex or not to sex, on the basis of practicality, cost, invasiveness, time required, availability of 
suitable techniques, etc. 
 
In many cases it is possible to count or not to count, sex or not, etc., and we need data on the 
cost/benefits, in programme goal terms, of choosing one level over another, to assist TAGs 
etc. in making these decisions. 
 
Determining the upper limits of management level possible for your taxon will require 
detailed consideration of the following questions: 
 
1. Can you count the individuals or obtain estimates of their number? 
2. Can you count a reproductive stage or obtain estimates of the numbers of individuals 

breeding? 
3. Can you sex the individuals or are they hermaphroditic or asexual? 
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4. Can you identify the individuals? 
5. Can you assign parentage with confidence without molecular techniques? 
6. Can you assign parentage with molecular techniques? 
 
Each of these questions will require detailed information.  One key question concerns the 
advantages and disadvantages of selecting one level over another, when the biology of the 
two species makes several options possible.   
 
 
B. RESEARCH GROUP 
 
Discussion: 

Which management technique is appropriate? 
 
 Level 6 Level (2) 1 

Population size small large 

Social Structure monogamous polygynous 

Resources (costs associated 
with keeping an animal) 

high low 

Conservation 
priority/availability of 
resources 

high low 

Effort/stress associated with 
data collection 

low high 

Reproduction/fecundity low high 

Data quality - existing high low 

Group size small large 
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SECTION 6 

Potential Projects 
 
A. DATA AND RECORD GROUP 
 
Question: 
 
What research projects are required to answer key questions? 
 
Discussion: 
 
1. How do we measure generation time? Consider sex/environmental/collection variation.     

-  research project 
2. How do we determine the unit for counting? Depends on level selected?                        

-  programme/species specific + guidelines exist 
3. How do we determine the count interval?   -  programme/species specific + guidelines 

exist 
4. Have we got accurate founder data? Can we get it?   -  programme/species specific + 

guidelines exist 
5. How do we measure genetic decay in a ‘genome’/group pedigrees without managing 

generations?   - research project 
• founder information establish for each ‘genome’ 
• generation time  establish for each ‘genome’ 
• determine development stage for levels 3 + 4 
• determine gender  for levels 3 + 4 
 
B. RESEARCH GROUP 
 
Question: 
 
What research projects are required to answer key questions? 
 
Discussion: 
 
Projects 
1. What is the reliability of demographic analysis with respect to censusing period 
2. How do we derive/analyse long term trends 
3. What is the relative accuracy of lambda vs. life table projections 
4. What is the relative accuracy of census vs. individual life table estimates 
5. What is the relative accuracy of stage vs. age based life table estimates within species 
6. Methods are needed for stochastic projections 
7. Software needs to be developed to evaluate group based pedigrees. Group based vs. 

individual based pedigrees. How much do we lose? 
8. How much information is lost due to error and or uncertainty in pedigrees? 
9. Survey of available sampling techniques including counting methods is needed to guide 

choice of sample sizes and strategies for demographic and genetic assessment. 
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SECTION 7 

Conclusions 
 
Priorities 
 
Genetics 
1. Methods for analysing group pedigrees 
2. Stochastic version of CAPACITY 
3. Good Ne  estimates 
 
Demography 
1. Error handling techniques 
2. Methods for life table analysis 
3. Methods for applying time window analysis to continuous data 
4. Stage based methods 
5. Lambda based stochastic projections  
 
Research projects (and allocated persons) 
1. Reliability of demographic analysis with respect to censusing period 
2. Deriving/analysing long term trends (Rajan Amin) 
3. lambda vs. life table projections – helping to determine target population sizes (MSc 

project) 
4. Census vs. individual life table estimations (MSc project) 
5. Stage vs. age based life table estimates within species (MSc project) 
6. Methods for stochastic projections 
7. Develop group based vs. individual based pedigrees. How much do we lose? Develop 

software to evaluate group based pedigrees. (Robert Lacy: Brandie Smith’s PhD 
project) 

8. Determination of how much information is lost due to error and uncertainty in 
pedigrees. (Georgina Mace, Frank Princée) 

9. Survey of available sampling techniques – including how to obtain counts and to 
determine the amount of information from sub-samples within a large group 

 
Species for testing and trialing 
 
• Level 1: Corals (Doug Warmolts, Columbus Zoo) 
• Level 2: Dung beetles (Dave Clarke, London Zoo) 
• Level 3: Seba’s bats (Nick Ellerton, Chester Zoo) 
  Scarlet ibis (Anna Marie Lyles, WCS) 
• Level 4: Partula snails (Dave Clarke, London Zoo) 
  Lake Victoria cichlids (Doug Warmolts, Columbus Zoo/Heather Hall,   

 London Zoo). 
  Sulawesi crested macaques (Stella Norcup, Jersey Wildlife Preservation   

 Trust) 
  Tuatara (Jonathan Wilcken, Caroline Lees ARAZPA) 
• Lvl 4-6: Scimitar-horned oryx (Simon Wakefield, Marwell Zoo)  
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Software to manage data, comments 
 
ISIS – Crispen Wilson: 
ARKS 4 is currently being completely re-written and designed to be flexible. Anything that 
can be entered as an individual can be entered as a group. Recording development stages vs. 
age – transition between stages – also time driven rather than event driven.  
Comments: Would modification of ARKS/SPARKS answer the questions or should we look 
at something completely different? Is it possible to work in stage aspects? 
In current systems level 6 is the norm and modification is required to reach levels 3-4. In 
future systems, level 6 could be the exception and level 3-4 may become the norm in ARKS. 
 
CERCI RDF – Ajay Burlingham Johnson: 
Covers all requirements and has also husbandry tool. The software is specified, but needs to 
be reviewed and written. It also needs spp. level studies to input. 
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SECTION 8 

Summary Document 
 

Dr Georgina Mace1, Dr Heather Hall1 and Anna Vedmar2 
1Zoological Society of London, Regent’s Park, London NW1 4RY, UK 

2Division of Population Genetics, Stockholm University, S-106 91 Stockholm, Sweden 
 
Background 
 
At present, captive management is focused on managing individual animals, and most species 
programmes are based upon record-keeping and population management at an individual 
level.  However, for some species, individual-based management is difficult or even 
impossible to implement, and the number of species of this kind in zoo conservation 
programmes is increasing.  At the same time, the staff required to manage species 
programmes effectively is limiting the number of species that can be included in conservation 
programmes.  Recent studies have also indicated a range of hidden errors in the studbooks 
and pedigrees upon which these individual based programmes are founded (Bowling & Ryder 
1988; Ely & Ferrell 1990; Tomlinson 1995).  It is believed that there is a role for population 
group management for some species, that there are a range of possible techniques that could 
be applied, and that the full implications and possibilities have not been considered seriously 
as yet. 
 
A three day workshop was held at the Zoological Society of London with 26 participants 
representing zoo curators, registrars, population biologists, geneticists and software 
specialists.  The zoo and aquarium communities in America, Europe and Australia were 
represented so the different geographic perspectives and issues could be discussed and a co-
ordinated action plan developed.  A summary of the main findings and conclusions of this 
workshop are outlined in this document.  
 
I. Level of Management 
 
Population group management can be based on the levels of knowledge about a population, 
which were defined as the following levels: 
 
LEVEL 1 
Individuals cannot be counted at any life stage, or only at non-reproductive stages.  
E.g. corals, bees, ants 
 
LEVEL 2 
Individuals can be counted, or their abundance estimated at the reproductive stage only. 
E.g. dung beetles, prairie dogs, Lepidoptera 
 
LEVEL 3 
Individuals can be classified into age or stage groups and counted at least at the breeding and 
non-breeding stages. 
E.g. Partula snails, tadpole shrimps, some amphibians 
Free-flight aviary birds, bats (management related) 
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LEVEL 4 
Individuals can be classified into age or stage and sex classes. 
E.g. Lake Victoria cichlids, most sexable fish, large herds, ring-tailed lemurs, large primate 
groups 
 
LEVEL 5 
Individuals can be identified. 
E.g. multi-male group living primates, most birds, elasmobranchs, hoofstock, most zoo 
animals 
 
LEVEL 6 
Individuals can be identified and parentage is known. 
E.g. tigers, rhinos, elephants 
 
II. Deciding the level of species management 
Ideally, we would manage species at Level 6.  Over long time periods, in managed 
programmes, this approach gives the ability to monitor and manage genetic variability and 
demographic processes with greatest precision.  For biological, species-specific life history, 
ethical, welfare and practical reasons, Level 6 management is not possible or desirable in 
certain cases.  In some cases, management at Level 6 may be deleterious, for example, when 
data are inadequate or can only be collected with inappropriate social groupings.  In other 
cases, the only practical methods are management at levels 4, 3, 2, 1 in declining order of 
preference.  Under some circumstances, Level 4 may be a more robust approach and be the 
method of choice.  Level 5 was considered to represent a management level rather than a data 
level, therefore species currently in Level 5 should be reviewed and moved up to Level 6 or 
down to Level 4.  Often species that are thought to be managed at Level 6, but they are 
actually being managed at Level 5. 

Clearly, with infinite resources and time it is possible to count, identify, sex (where relevant), 
and assign parentage to (again where relevant) any kind of organism.  A decision must be 
made to count or not to count, to sex or not to sex, on the basis of practicality, cost, 
invasiveness, time required, availability of suitable techniques, etc.  Data are required on the 
cost/benefits, in programme goal terms, of choosing one level over another, to assist TAGs 
and species’ managers in making decisions.  Because we do not yet have these data, decision 
trees for this process were discussed, but are not presented here. 

III. Methods and Techniques 
There are methods available for Level 3 and 4 management, especially MAI (Maximum 
Avoidance of Inbreeding) schemes, group based pedigrees and stage/age specific 
demographic analyses.  These methods need elaborating and testing.  Most importantly, we 
need to be able to collect the following data: 

1. Starting number (levels 1-6) 
2. Number of births (levels 3-6) 
3. Transition from previous development stage (levels 3-6) 
4. Arrivals (levels 1-6) 
5. Deaths (levels 1-6) 
6. Transition to next development stage (levels 3-6) 
7. Departures (levels 1-6) 
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8. Final number (levels 1-6) 

Dependent of level, these data will be required for: 

Level 1 - Colony 
Level 2 - Breeding adult group 
Level 3 - Developmental stage 
Level 4 - Developmental stage plus gender 
Level 5 - Individual animal (no parentage known) 
Level 6 - Individual animal 
at an appropriate count interval (that must be determined) 
 
In addition, for genetic analyses founder information and generation time must be established.  
The developmental stage must be determined for levels 3-4 and an accurate method of gender 
identification for level 4. 

The adoption of these methods would require some alterations to current zoo data 
programmes, in particular: 

1. Measures of generation time and methods to calculate that incorporate potential 
variation between husbandry regime, collection and management practices. 

2. Measure of genetic decay/change within a unit for group pedigree analysis. 
3. Determine count unit (from level). 
4. Determine count interval (maximum interval between counts has already been 

specified.) 
5. Determine accuracy and availability of founder data.  If it is not available, what founder 

information could be established e.g. studies of wild populations 
 
IV.  Research Projects 
As a result of the identification of the key problem areas, the data that should be collected and 
currently available techniques, the following research projects were identified: 

1. Analysis of group based versus individual based pedigrees - how much information is 
lost?  Includes development of software to evaluate group based pedigrees. 

2. Testing the reliability of demographic analysis with respect to censusing period. 
3. Deriving and analysing long term trends. 
4. Carrying out lambda and life table projections in order to help to determine target 

population sizes. 
5. Evaluate census versus individual life table estimations. 
6. Compare stage versus age based life table estimates within species. 
7. Develop methods for stochastic projection. 
8. Determine how much information is lost due to error and uncertainty in pedigrees. 
9. Survey available sampling techniques - including how to obtain counts and to determine 

the amount of information from sub-samples within a large group. 
 
A number of species were selected to begin to collect relevant data as a basis for the above 
research projects: 
 
Level 1 - Corals (Doug Warmolts, Columbus Zoo) 
Level 2 - Dung beetles (Dave Clarke, London Zoo) 
Level 3 - Seba’s bats (to be determined) 
  - Scarlet ibis (Anna Marie Lyles, WCS) 
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Level 4 - Partula snails (Dave Clarke, London Zoo) 
- Lake Victoria cichlids (Doug Warmolts, Columbus Zoo/Heather Hall, 
London Zoo). 

  - Sulawesi crested macaques (to be determined) 
  - Tuatara (Jonathan Wilcken, Caroline Lees, ARAZPA) 
Level 4-6  - Scimitar-horned oryx (Simon Wakefield, Marwell Zoo) 
 
V. How are we going to take these forward? 
 
1. Determine whether the current software being developed (especially ARKS 4) could 

incorporate the data required for analysis of groups.  If not, consider funding sources for 
software and programme development (possibly based around CERCI RDF structure). 

2. Organise and develop ongoing research efforts, which are already addressing some of 
the research projects. 

3. Identify related research projects that could be expanded (with funding support) to 
encompass some of the research objectives. 

4. Identify individuals/organisations who would be willing/able to undertake pilot 
projects. 

5. Identification of potential funding sources for the research objectives. 
6. ZSL will remain the contact point and co-ordinate the progression of the initiative. 
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B. Agenda 
 

Date Time Activity Method Output 

Monday 5th 
October 

09.00 Richard Burge 
Director General 
Zoological Society of 
London 

  

  
 

Reviews 
Heather Hall 
Joanne Earnhardt 
Rajan Amin 

Presentations by 
participants 

 

 10.45 – 11.15 COFFEE/TEA   
  

 
Reviews (cont.) 
Georgina Mace 
Robert Lacy 
Frank Princée 
Jonathan Wilcken 
Pamela Barker 

Presentations by 
participants 

 

 12.40 – 13.30 LUNCH   
 13.30 – 15.30 Taxonomic group 

discussions: problem 
identification  

Taxonomic 
working groups: 
invertebrates, 
lower vertebrates, 
birds and 
mammals 

Problem 
identification 
within taxonomic 
groups 

 15.30 – 15.45 COFFEE/TEA   
 15.45 – 18.00 General discussions: 

problem 
identification  

Open discussion 
session 

Producing a list 
of key questions 
to be addressed 
by working 
groups 

 EVENING Socialising in local 
pub 

?? !! 

Tuesday 6th 
October 

09.00 – 09.30 Briefing on 
objectives of working 
groups 

  

 09.30 – 10.00 Working groups 
formation 

  

 10.00 – 12.30 Working groups: 
addressing key 
questions within the 
areas of: 
• record keeping, 
• programme 

management, 
• demographic and 

ti l i

Group discussion Identifying and 
documenting the 
key 
questions/proble
ms and 
developing 
recommendations 
for addressing 
these problems 
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genetic analysis 
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software into 
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about progress and 
recommendations of 
each working group 

Open discussion Development of 
recommendations
, short and long 
term action plan 

 16.00 – 16.15 COFFEE/TEA   
 16.15 – 18.00 Summary Open discussion 

and overviews by 
Drs. Georgina 
Mace and Heather 
Hall 

Action plan with 
timetable 
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D. CBSG Population Group Management Workshop 16th August 
1997. 
 
Present: 
 
Neil Bemment (Paignton Zoo, UK), Bryan Carroll (Bristol Zoo, UK), Bill Conway (Wildlife 
Conservation Society, US), Ilze Dunce (Riga Zoo, Latvia), Nate Flesness (ISIS, US), Frans 
Hjordt - Carlsen (Copenhagen Zoo, Denmark), Caroline Lees (UK Zoo Federation, UK), Amy 
Ploughman (Paignton Zoo, UK), Paul Scobie (ISIS, US), Miranda Stevenson (Edinburgh Zoo, 
UK), Yoshihiko Takaki (Saitama Children’s Zoo, Japan), Jonathan Wilcken (ARAZPA, 
Australia). 
 
Background: 
 
“At present, captive animal management is focused on managing individual animals, and 
most species programmes are based upon record-keeping and population management at an 
individual level.  However, for some species, individual-based management is difficult or 
even impossible to implement, and the number of species of this kind in zoo conservation 
programmes is increasing.  At the same time, the staff required to manage species 
programmes effectively is limiting the number of species that can be included in conservation 
programmes.  Recent studies have also indicated a range of hidden errors in the studbooks 
and pedigrees upon which these individual-based programmes are founded.  We believe that 
there is a role for population group management for some species, that there are a range of 
possible techniques that could be applied, and that the full implications and possibilities have 
not been considered seriously as yet.” 
 
Extract from: The Management of Conservation Breeding Programs: A Discussion Paper on 
Population Group Management.  Mace et al. Zoological Society of London, May, 1997.  This 
draft paper was distributed to workshop participants.  It reviewed the background to 
population group management issues and included a project proposal and budget to support a 
thorough analysis of possible advantages and disadvantages of alternative population 
management techniques. 
 
Scale of problem: 
 
Current population management techniques used by zoos require detailed specimen level 
information.  Species not well covered by such techniques include: 
 
Zoo populations: 
Mammals: herd, multi-male, fossorial 
Birds: colony managed eg. flamingos, species held in large aviary, both multi-male and multi-
female groupings 
reptiles (dep. on management) 
most amphibians, invertebrates, fish 
 
Semi-wild populations (eg. those populations living in large, fenced areas) 
 
Wild populations 
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Management strategies which require detailed specimen level information have limited 
application in the face of: 
• the diversity of species needed to be managed 
• the diversity of conditions in which species management needs to be practised 
 
Currently there appears to be a shift in perspective with zoos concentrating increasingly on 
species kept in large groups or in large enclosures, which are therefore less amenable to 
traditional population management techniques. 
 
In addition: 
• current requirements for specimen-level data encourage unwarranted assumptions, 

therefore reducing accuracy and potentially confounding population management 
efforts 

• traditionally managed species for which current techniques were designed, (eg. tigers, 
rhinos, etc.) are well served by existing systems.  However these systems are resource-
intensive requiring the systematic collection and analysis of large amounts of data.  It is 
likely that this degree of investment of human resources will only ever be justified for a 
relatively small number of species held in zoos.  Therefore, current strategies may be 
limiting the proportion of species that we are able to manage effectively. 

 
Uses 
 
The main impetus for this development might be to enable zoos to expand their population 
management activities to include those species not able to be effectively managed by current 
strategies in zoos (eg. bats, invertebrates, social primates etc.).  The working group also 
recognised significant other advantages: 
• Group rather than individual management presents potential for use in managing wild 

populations.  This would enable the use of similar techniques in managing both captive 
and wild populations of a species, facilitating closer interaction between ex-situ and in-
situ management. 

• The units of management might be defined according to what was considered most 
appropriate to the proposed intensity of the management programme.  Units of 
management could be defined as the individual, the institution, the national collection 
or the regional collection. 

 
Adds a perspective to regional collection planning through identifying larger management 
units. 
 
Existing Population Management Tools 
 
The working group reviewed the existing population management tools available and their 
potential for use in population group management. 
 
GENES (potential to adapt approach from management of individuals towards management 
of groups) 
SPARKS/ZRBOOK (have been used to manage partially known data) 
ARKS (has a limited group recording facility) 
VORTEX (has a limited potential to model the impacts of immigration) 
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CERCI (deals with detailed group records, including stage-based demographics, taking into 
account different husbandry regimes to allow comparison between groups; tracking the 
genetics of  a group; does not have a facility to demonstrate management recommendations 
but allows the recording of the results of management decisions). 
 
A number of theoretical approaches to population management have been mooted.  These are 
reviewed briefly in the ZSL discussion paper circulated to the group.  There is a tendency 
towards polarisation in approaches, such that they tend to require complete specimen 
information or to deal within instances where no specimen information is available.  In reality 
there is a continuum, and a tool is required that can take advantage of this. 
 
Collaboration 
 
The group identified the various stakeholders which might benefit from this development and 
felt that input should be sought from: 
• Regional Zoo Associations 
• ISIS 
• Government wildlife agencies 
• Wildlife researchers 
 
It was noted that a number of organisations have been considering this problem to varying 
degrees and that collaboration between these bodies should be encouraged.  A first step 
towards this would be to circulate the Zoological Society of London (ZSL) discussion paper 
amongst these people. 
 
In view of the wide implications of this development, it was proposed that both CBSG and the 
World Zoo Organisation should be asked to endorse the need for it.  It was proposed that a 
meeting be held to ensure effective input from all parties.  It was noted that the most 
significant work in this area to date that the group was aware of, has been achieved by ZSL.  
Recognising that it was suggested that the research project proposed by ZSL be considered an 
important step in setting an agenda for future development. 
 
Action to be taken 
 
In light of the discussions, the working groups felt that the most effective way to proceed 
would be through the following course of action: 
 
1. Wider distribution of the ZSL report to: 
• regional associations 
• population management software programmers 
• regional association specialists, eg. AZA SPMAG 
• additional interested people identified by the regional association 
 
2. Develop problem statement for endorsement by CBSG and by the World Zoo 

Organisation 
 
3. Establish an ISIS Web discussion forum 
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4. Develop an agenda and briefing materials for a meeting.  The ZSL feasibility study 
should inform this process. 

 
Problem Statement 
 
The World Zoo Conservation Strategy identifies the importance of genetic and demographic 
management of zoo populations, and promotes the used of current management techniques 
designed to address this.  These techniques are based on managing populations using records 
of individual animals.  Zoo conservation programmes are increasingly focused on species for 
which, through lack of data, these strategies are difficult or impossible. 
 
CBSG and WZO recognise as a matter of importance the need to develop new management 
strategies and tools which will allow the management of populations at the most appropriate 
level, whether this be the individual, the group or the colony.  CBSG and WZO recognise the 
potential of this approach to link zoo population management more closely with wild 
populations management. 
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