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Figure A1.  Fractional representation of each founder in the current captive flock.   
 
 

 
Figure A2.  Age pyramid of the captive flock (males on the left, females on the right).  The red line 
represents the stable age distribution given the sex-specific vital rates. 
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Figure A3.  The expected number of `Alalā in the future (0=2008) given the model life-table and the actual 
age distribution. The projected numbers with a stable age structure are also shown. The difference between 
the actual and stable projections shows the impact of the age distribution. For example, a population with 
fewer breeders than if the population were stable might temporarily decrease in size as a result even though 
the life-table predicts a positive growth rate (lambda > 1.0). 

 
Actual Data   Males  Females 
Mortality rate (r)   0.0766  0.0766 
Growth rate (λ)   1.0796  1.0677 
Generation length (T)  9.18  9.18 
Number of birds (N)  28  28 
Projected N at 20 years  130  104 
 
 
The genetic diversity within a small closed population will decline over time, but the rate of decline can be 
minimized by growing the population as rapidly as possible, in addition to pairing individuals for breeding 
based (partly) on genetic considerations.  The PM2000 model provides estimates of the rate of gene 
diversity loss (see definition above) with a captive population capped at 75 individuals, at which point 
reintroduction efforts are expected to begin. 
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Figure A4.  Decline in gene diversity over time, with a captive population that is capped at 75 individuals.  
Note that capping the population does not increase the rate of gene diversity loss.   
 
Target or Managed Population Size Needed = 75 
Program Objectives: 79% Gene Diversity at the end of 10 years 
 
Generation Length = 9.2000 
Maximum Potential Population Growth Rate = 1.1000 

(Model uses lambda slightly higher than the current rate, but one considered achievable by flock 
managers.) 

Current Population Size = 56.0000 
Current Effective Size = 19.6000 
Ratio of Ne/N = 0.3500 
Current Gene Diversity = 0.8095 
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APPENDIX B 
 

`Alalā Captive Population Pedigree 
 

 The following pedigree table is a visual diagram of pairings and offspring of birds 
in the captive flock as of January 2008.  Most birds represented are living; however, 
some founders and first offspring no longer living are represented so the pedigree is 
complete.  The numbers in the circles (females) and squares (males) are hatch year, year 
of death (if bar present) and studbook number. This table was produced by Susan 
Farabaugh, Ph.D., Center for Research and Endangered Species (CRES), Zoological 
Society of San Diego.
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APPENDIX C 
 

From Association of Zoos and Aquariums (AZA) 
2003 Population Management Handbook: 

Integrating Data Analyses For Breeding Recommendations 
        
 Once the goals of the population have been set, the number of offspring needed to 
be produced each year to meet those goals can be determined.  Once the number of 
offspring required per year has been determined the managers must decide which animals 
in the population should produce them.  This leads to the managers making animal-by-
animal recommendations.  Each animal in the managed population should receive a 
recommendation.  In this way there is no confusion over what is to be done with the 
animal.  The recommendation for the majority of animals may be to simply hold the 
animal in the current condition without breeding.  The recommendation may be to move 
the animal to another location within the managed population, to breed the animal, to use 
the animal for a specific research program, or to move the animal out of the managed 
population. 
 
STRATEGY FOR PAIRING ANIMALS FOR BREEDING 
 
For those animals that are to be bred in an effort to maintain gene diversity in the 
managed population, the following strategy is recommended by the AZA. 
 
I. The first priority is to breed individuals of the lowest Mean Kinship (MK) that are 

under represented and, therefore, possess the rarest alleles in the population. 
 
II. If breeding is limited due to space considerations, among individuals with low 

MK, the second priority is to breed those whose alleles may be lost soon.  This 
priority setting should be determined by the manager’s knowledge of the 
individual’s age, health, and or reproductive condition.  If the population has a 
long history of breeding in captivity and good demographic information, low 
Kinship Value (KV), can be used. 

  



Revised Recovery Plan for the `Alalā.  Appendices 

 C-2 

 
III. During Pairing, pair individuals according to the following ordered criteria: 
 

1ST mate individuals with roughly similar MK to avoid combining rare and 
common alleles in offspring.  Breeding animals with the same MK increases 
retention of gene diversity in the long-term.  Long-term inbreeding is also reduced 
even if short-term inbreeding rises faster. 

 
2ND mate individuals whose offspring will have low inbreeding coefficients (f), 
for the best probability of viable, healthy offspring.  As a general rule, inbreeding 
coefficients below the population’s mean MK should be accepted. 

 
3RD maximize mating success based on the species’ biology, including suitable 
age of individuals, mate choice, social structure, behavior, etc. 

 
4TH minimize logistical difficulties of moves (e.g., distance, cost, quarantine). 

 
5TH maximize inter-institutional harmony and minimize political conflicts; 
hopefully this will never enter into the final decision, which should be based on 
the science.  
 
Excerpted from Wiese and Willis (1996-2007).
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APPENDIX D 
 

Glossary Of Technical Terms 
 

allele Alternative forms of a gene that code for the same trait.  Alleles 
usually occur in pairs, one at the same genetic locus on each of a 
pair of chromosomes.  For example, in humans there are multiple 
alleles for blood type: O, A, and B.  If both of the alleles are the 
same (e.g., AA), the individual is said to be homozygous at that 
locus.  If the alleles are different (e.g., AB), the individual is 
heterozygous. 

corvid A bird in the family Corvidae, which includes crows, ravens, jays, 
magpies, and other related species 

effective 
population size 

The functional size of a population, from a genetic perspective, 
based on the number of breeding individuals (often abbreviated 
Ne).  The effective population size is generally smaller than the 
census population size (i.e., there may be numerous individuals in 
the total population that are not reproducing, such as juveniles or 
senescent adults). 

endemic Native or confined to a certain region. 

genetic drift Random changes in the frequency or proportional occurrence of a 
particular gene in a small population due purely to chance (i.e., not 
due to selection).  Large populations tend to be insulated from the 
effects of genetic drift. 

heterozygosity A measure of the degree of genetic diversity in a population, as 
measured by the proportion of heterozygous loci across individuals 
(see allele, above). 

Hardy-Weinberg 
equilibrium 

The stable proportions of genes in a large population with 
opportunities for random mating, assuming no migration, 
mutation, or selection. 

mesic Characterized by a moderately moist habitat. 

polymorphic Having more than one form; in regard to genes, refers to the 
existence of multiple alternative alleles for the same gene. 

recessive An allele that is expressed only when it occurs in homozygous 
state (both alleles are recessive).  When a recessive allele is paired 
with a dominant allele (the heterozygous condition), the recessive 
trait is masked, and only the dominant trait is expressed.  
Deleterious recessive alleles begin to impact a population as 
homozyosity increases (diversity decreases) and these alleles are 
expressed. 
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ungulate Any hoofed mammal.  Typically refers to animals in the orders 
Perissodactyla (odd-toed animals such as horses) and Artiodactyla 
(even-toed animals such as cows, goats, sheep, deer, and pigs). 
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APPENDIX E 
 

Summary of Agency and Public Comment on the Draft Revised 
Recovery Plan for the `Alalā (Corvus hawaiiensis) 

 
In December 2003, the U.S. Fish and Wildlife Service (Service) released the Draft 

Revised Recovery Plan for the `Alalā (Corvus hawaiiensis) for review and comment by 
Federal agencies, state and local governments, and members of the public.  The public 
comment period was announced in the Federal Register (68 FR 70527) on December 18, 
2003 and closed on February 17, 2004.  Over 250 copies of the draft plan were sent out for 
review during the comment period.  In addition, the draft revised plan was distributed to the 
following scientific peer reviewers for comment prior to finalization and publication of this 
revised plan. 

 
Dr. Ian Jamieson    Dr. John Marzluff   
University of Otago, New Zealand  University of Washington  
    
Dr. Sheila Conant    Dr. David Duffy 
University of Hawai`i    University of Hawai`i 
 
Dr. Kevin McGowan    Dr. Renee Robinette Ha 
Cornell Laboratory of Ornithology  University of Washington 
 
Twenty-one letters/comments were received.  Since the time the comment period 

closed, a few additional comments and information or updates to the plan have been received 
by the Service.  All comments received have been considered and are reflected in the 
approved recovery plan.  Many comments suggested additions or changes for clarification.  
These suggestions are reflected in the approved recovery plan.  Other comments included 
additional recovery actions.   
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Summary of Comments and Service Responses 
 
Issue 1:  Release site(s) selection 
 
Comment:  Two commenters suggested that additional information gathering is needed to be 
able to compare the potential release sites. 
Response:  A new recovery action (2.1.1) to gather additional habitat information as needed 
has been added to the plan. 
 
Comment:  One commenter suggested that although the need to select a release site is 
described in the text of the plan, the action is sufficiently important that a specific recovery 
action is required. 
Response:  A new recovery action (2.1.2) to establish selection criteria for release sites has 
been added to the plan. 
 
Comment:  One commenter suggested other Hawaiian islands be considered as release sites.  
A second commenter suggested that the island of Maui be considered a priority for the next 
release because there are no `Io (a known predator of `Alalā) on Maui.  
Response:  As stated in the plan, other Hawaiian islands including Maui are being 
considered as release sites (recovery actions 2.1.1, 2.1.2, and 2.1.3).  Procedures are currently 
being developed, as described in section 3.2 of the plan, Action 2: Identify Suitable Habitat 
and Manage Threats, to gather data that will be used to select release sites. 
 
Comment:  One commenter felt that priority release sites should be identified in the plan. 
Response:  Six potential release sites on Hawai`i are identified in the 1999 Draft 
Environmental Assessment for population reestablishment of the `Alalā.  Other sites have 
been added to this list (including sites on Maui).  It is not possible to identify priority sites 
before full data on all sites is compiled and the process for weighing factors among sites has 
been finalized and used to rank the sites. 
 
Comment:  Two commenters emphasized the importance of selecting a release site as soon 
as possible and beginning habitat management immediately.   
Response:  As stated in the plan, selecting a release site(s) is a Priority 1 recovery action.  As 
of June 2008 the recovery team has identified preferred release sites, but no final decision has 

 



 

 E-3 

yet been made to implement habitat management actions. 
   
Comment:  One commenter felt the plan dismissed releasing `Alalā on Maui without due 
consideration. 
Response:  We have revised the plan to correct this misperception and to emphasize that 
release sites considered for selection include Maui. 
 
Comment:  One commenter was concerned that active discussions on possible release site 
locations have not been held since the end of the releases at the McCandless Ranch in 1999, 
and that release site discussions should be held in cooperation with interested parties who 
may want to host releases on lands where they have management oversight. 
Response:  We agree that active discussion and a prompt decision on release sites are a top 
priority and that habitat management, wherever the release site or sites will be, should begin 
immediately in cooperation with local stakeholders. 
 
Issue 2:  Habitat management 
 
Comment:  One commenter felt it is important to begin habitat management on Hawai`i as 
soon as possible to recover understory vegetation that provides cover to `Alalā and reduce the 
threat of predation by `Io on released `Alalā. 
Response:  The importance of beginning habitat management and threats reduction actions 
as soon as possible is emphasized in the plan, including restoration of understory vegetation 
necessary to provide cover for `Alalā. 
 
Comment:  Two commenters recommended that more options and ideas be considered for 
working with land managers (public and private) to achieve habitat management goals.  
Specific suggestions included that state, federal, and private landowners develop programs of 
cooperative agreements, easements, and modes of direct compensation to promote a system 
of ungulate exclosures of various sizes and locations. 
Response: We have added a new recovery action to the plan (2.1.4.2) that promotes habitat 
conservation by use of conservation easements, cooperative agreements, and change in land 
use designation, lease, direct compensation, or land purchase from willing seller to secure 
habitat areas for dedication to habitat restoration.  Recovery action 4 (Garner Public Support 
and Funding) also relates closely to implementation of habitat management recovery actions, 
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and recommends contracting with a specialist in public/private landowner relationships to 
design and conduct a program to garner landowner collaboration to achieve habitat 
management goals. 
 
Comment:  One commenter suggested that the scale at which predators are to be controlled 
and the number of sites where habitat management will be conducted should be made clearer 
and that the plan may be overly ambitious in its habitat management objectives considering 
financial realities and the need to replicate management actions experimentally. 
Response:  We have not been able to clarify the exact number of areas in which predators 
will need to be controlled, but we have clarified the minimum size of the individual habitat 
units (1,000 hectares).  It is not clearly known what size area or how many habitat units are 
required for `Alalā to breed successfully and establish a viable wild population.  The biology 
of the species suggests that it requires large habitat areas over a broad elevational range and, 
therefore, recovery will likely require predator control over a number of large areas.  
Although replication is an important part of experimental design, there are other effective 
ways to measure the effects of habitat management actions, such as monitoring response 
variables pre- and post-treatment and comparing treated and control (non-treatment) areas.  
 
Comment:  One commenter felt the plan stated that there is no suitable habitat for the `Alalā 
and it is unlikely there will be suitable habitat in the future.  The commenter questioned as 
unsupported the perceived conclusion in the plan that habitat on Maui in its current condition 
is unsuitable for `Alalā.  The commenter suggested including a new recovery action in the 
plan for an analysis of the availability of suitable habitat and that the plan provide an outline 
of the methods and criteria that will be used for this evaluation. 
Response:  We have clarified in the Recovery Strategy Overview that although it appears 
that habitat on the island of Hawai`i may not be suitable at this time, many recovery actions 
in this plan are designed to improve habitat to the point where successful releases into the 
wild will be possible.  We also clarify that there are other limiting factors, besides habitat, 
which led to failure of `Alalā released into the wild from 1993 to 1999 to survive, to integrate 
with the wild population, and to reproduce and that these factors also will be managed.  We 
have added a new recovery action (2.1.2) to establish site selection criteria, and as described 
in the 3.2 Action 2 Short-term Goal, we will use a structured decision making process to 
evaluate potential release sites.  We have modified statements regarding Maui habitat 
conditions that might be interpreted to imply Maui habitat is less optimal than habitat on 
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Hawai`i.  We agree that a careful evaluation of habitat conditions and all limiting factors for 
all release sites is necessary before selecting the next release site for the `Alalā. 
 
Issue 3:  Available funding will not be adequate to implement recovery actions  
 
Comment:  One commenter was concerned about possible funding shortfalls and felt that 
funding should be allocated to some habitat and captive management actions in preference to 
others.  
Response:  The actions described in this recovery plan constitute all actions necessary over 
the next five years to move the `Alalā closer to recovery.  The priority numbers assigned to 
recovery actions reflect best current understanding regarding the relative importance of the 
recovery actions described. 
 
Comment:  One commenter was concerned that because of lack of funding there may be a 
one-sided build up of the captive flock.  In the absence of concurrent habitat restoration this 
could result in delays in releases and inability to release captive-raised birds successfully. 
Response:  We also are concerned that funding may not be adequate to both grow the captive 
flock and prepare habitat for releases.  However, we have included in the plan provisions to 
meet both these funding needs.  The plan also promotes coordination with other species 
recovery and habitat management programs for potentially releasing birds in habitat areas 
where habitat management actions are ongoing; i.e., the plan has provisions encouraging 
program outreach to other recovery programs and encourages funding and conservation 
synergies.  
 
Comment:  One commenter felt, given limited funding available, that once the target of 75 
birds in captivity is reached, funds should not be used to construct more captive aviaries. 
Response:  The plan calls for releases of captive `Alalā into the wild once the captive 
population is stabilized genetically and demographically (at approximately 75 birds).  At that 
point, we predict that funding to build the captive flock (which includes construction of new 
captive aviaries) will be less and that emphasis will shift to releases of captive raised birds 
into the wild.  Substantial funding will be needed to maintain the captive flock at the target 
number of 75 birds.  However, this likely would not include the construction of additional 
aviaries for birds in captivity, except potentially special use aviaries for birds that are planned 
for release into the wild. 
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Issue 4:  Input from native Hawaiian constituencies 
 
Comment:  One commenter stated that greater input from native Hawaiians and long-time 
local residents had been needed during recovery planning and that this input will be needed 
during recovery implementation and future meetings of the `Alalā Recovery Team. 
Response: A Priority 2 recovery action in the plan is to bring Hawaiian cultural viewpoints 
into recovery planning and implementation by including one or more experts in the public 
portion of all `Alalā Recovery Team meetings.  The Service met with Hawaiian cultural 
practioners in February 2003 during recovery planning to discuss the cultural significance of 
the `Alalā for conservation and recovery.  
 
Issue 5:  Recovery strategy  
 
Genetics 
 
Comment:  Two commenters stated that the highest priority near-term recovery goal is 
securing the genetic and demographic integrity of the captive flock by increasing the number 
of birds in captivity.  One of the commenters felt that getting more birds to breed, even at the 
expense of sub-optimal genetic relatedness, would be key to achieving this goal. 
Response:  We agree with the commenters’ perspectives.  The captive flock is being 
managed for maximum production while minimizing as much as possible pairings that may 
be sub-optimal genetically. 
 
Comment:  One commenter felt the plan overstated the consequences of the loss of genetic 
diversity. 
Response:  We feel the emphasis in the plan on retaining as much of the species’ genetic 
diversity as possible is appropriate.  Although the threats of disease, predation, and habitat 
degradation in the wild may be equally if not more significant than loss of genetic diversity 
when captive birds are released, the loss of genetic variability is currently the primary threat 
affecting the species’ near-term recovery potential. 
 
Comment:  One commenter felt the plan failed to adequately quantify consequences of loss 
of genetic diversity.  The commenter suggested that because it is not possible to know 
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exactly what these consequences might be, the plan risks a more significant loss to the 
species’ recovery potential by not focusing limited funding on recovery actions such as 
habitat restoration, re-establishing a wild flock, advancing the release program, and testing 
and learning about species management and survival in the wild. 
Response:  We agree it is difficult to quantify precisely what the consequences may be of 
loss of genetic diversity.  In general, these have been shown for many species to be a 
reduction in traits associated with fitness such as body size, fecundity, and longevity.  In 
addition, the `Alalā may be showing signs of inbreeding depression, including what appears 
to be a higher than normal frequency of chicks hatched with physical abnormalities.  The 
Association of Zoos and Aquariums recommends as a goal the retention of maximum genetic 
variability for species held in captivity, and therefore the captive breeding of the species 
should be managed intensively to minimize loss of  genetic diversity.  Even though funding 
may be limiting and we may not be able to move forward with habitat restoration 
immediately and to re-establish a wild flock as soon as hoped, evidence as presented in the 
plan strongly supports securing the genetic integrity of the captive flock as a necessary first 
step for recovery of the species. 
 
Adaptive management approach 
 
Comment:  Two commenters agreed with the adaptive management approach described in 
the plan. 
Response:  We have adopted an adaptive management approach in order to evaluate results 
of management actions and to continue, modify, and/or change management as needed.  We 
feel that how well management actions are working and ways to improve these often become 
apparent over time.  The adaptive management framework provides an important element of 
flexibility in response to the acquisition of new information and experience gained.  
 
Peer review 
 
Comment:  One commenter felt peer review of the recovery program is important. 
Response:  We agree with the commenter’s perspective.  The plan includes provisions for 
independent outside review of the recovery program at the end of each 5-year 
implementation time-frame. 
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Recovery objectives 
 
Comment:  One commenter recommended that the recovery criteria be defined more clearly 
to better measure progress toward achieving recovery objectives. 
Response:  We have restated more clearly recovery criteria into long-term (de-listing) and 
short-term (5-year) goals.  
 
Comment:  One commenter suggested conducting a sensitivity analysis for a demographic 
model to obtain values for adult survival and other factors to be used to better describe 
recovery objectives. 
Response:  Because the basic demographic parameters for the species in the wild needed for 
such a model are largely unknown, we believe at this time that results would be overly 
speculative.  As more information on these parameters is obtained during releases, such as 
the size, extent, age structure and dynamics of established populations, we plan to conduct 
this type of modeling exercise. 
 
Public support 
 
Comment:  One commenter stated the plan’s efforts to improve public opinion are good and 
suggested that a strong public relations plan will help. 
Response:  Included in the plan is a recovery action to contract with an independent public 
outreach specialist to meet public outreach performance milestones.  
 
Alternative recovery strategies 
 
Comment:  One commenter proposed alternative recovery strategies including establishing a 
wild production flock in secure habitat on Maui, establishment of a semi-captive 
experimental flock through releases on Maui, and developing a semi-captive, managed flock 
in the wild to be used to build up population numbers as an alternative to building new 
captive propagation facilities and that would answer questions specific to releases on Maui.  
Wild or semi-wild flocks would be established using `Alalā from the captive flock and the 
captive flock would continue to be managed for maximum production.  The commenter 
suggested that these approaches would advance efforts for habitat restoration, refine release 
techniques, and provide information on survival and management of birds released in the 
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wild.  The commenter felt that a semi-captive managed-flock on Maui may have high enough 
survival (in absence of `Io predation) to allow the desired rapid build up of the species 
population for recovery purposes. 
Response:  We believe the current strategy as described in the plan correctly places securing 
the genetic and demographic integrity of the captive flock as a first priority.  At this time, 
although Maui does not have `Io, mortality likely would be higher for birds released into the 
wild than birds managed in a captive setting.  As described in the plan, `Alalā should be 
released only if their removal from the captive population will not negatively impact the 
genetic and demographic stability of the captive flock or reduce the ability of the captive 
population to achieve growth targets needed to stabilize the captive flock and for the 
production of genetically surplus birds for release.  However, the suggestion to release birds 
into the wild and to maintain them in a semi-captive state holds promise as a means to 
minimize mortality risk during releases and either to accelerate and/or enhance reproduction 
in the wild. 
 
Comment:  One commenter recommended that a number of recovery options that are 
technically feasible and could lead to species recovery be considered, and that a combination 
of recovery strategies may prove the best overall given the different biological, social, 
economic, and environmental factors involved.  The commenter suggested that a structured 
decision analysis might provide the most informative approach for the overall guidance of 
the recovery plan.  
Response:  During writing of this plan we considered many recovery options and 
approaches.  This plan represents the strategy we feel is most likely to succeed at this time.  
The adaptive management approach as part of the plan allows for ongoing evaluation of 
strategies and their results and modification of the overall recovery approach as needed. 
 
Comment:  One commenter suggested that should funding shortfalls result in reduced 
growth of the captive population a more optimal strategy may be to release some birds into 
the wild into managed habitat prior to the genetic stabilization of the captive flock. 
Response:  Given mortality and reproductive data from the first captive releases from 1993 
to 1999, which include zero reproduction in the wild, under similar release conditions we feel 
likely higher mortality and lower reproduction in the wild will fail to offset possible funding 
related reduced growth of the captive population.  Many recovery actions in the plan suggest 
new approaches to reduce mortality and to improve reproduction in the wild.  These 
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approaches will need to be tested experimentally and their effectiveness evaluated.  Because 
the effectiveness of habitat management actions and new release approaches are not clearly 
known, we promote as the most responsible course first securing the genetic integrity of the 
captive population, and releasing non-genetically essential birds into the wild.  
 
Comment:  One commenter felt the plan is proposing to keep the species in captivity for the 
foreseeable future. 
Response:  This perception is incorrect.  The plan intends to secure the genetic integrity of 
the species in captivity within five years, after which non-genetically essential individuals 
will be released into the wild in suitable managed habitat.  The long-term recovery goal of 
the plan is to recover the `Alalā by reintroducing the species into the wild.  We predict that 
reintroductions to the wild could begin as early as 2011. 
 
Comment:  One commenter felt because reproduction in captivity is lower than for birds in 
the wild there is the potential to increase reproduction overall by releasing captive birds in 
suitable habitat.  
Response:  It is unknown whether reproduction of wild `Alalā is higher than that of `Alalā in 
captivity.  It is known, however, that captive-reared `Alalā released into the wild failed to 
reproduce and suffered higher mortality than `Alalā in captivity.  Because the effectiveness 
of habitat management actions and new release approaches are not clearly known, we 
promote a course of first securing the genetic integrity of the captive population under 
conditions of minimum mortality risk and known reproduction until the population is 
genetically and demographically secure, and then exposing non-genetically essential birds to 
conditions of likely higher mortality and potentially lower reproduction in the wild. 
 
Comment:  One commenter proposed changing wildlife laws to allow local people 
(preferably those of Hawaiian ancestry) to keep and rear `Alalā in their homes as pets. 
Response:  Even though the historical record suggests that `Alalā were kept by Hawaiians as 
pets, such an approach to recovery would not be effective.  Costly infrastructure and 
specialized husbandry experience are required to maintain and breed `Alalā, and captive 
management is most effective when the number of holding sites are few.  These criteria are 
met optimally by the current captive propagation facilities. 
 
Comment: One commenter recommended building aviaries at a release site within the next 
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five years and breeding birds on site.  The commenter felt that this approach would be more 
productive than shipping birds to the mainland if captive aviary space becomes limiting, and 
the approach would establish needed infrastructure at a release site. 
Response:   We have included this propagation strategy (recovery action 3.4.3) among others 
for consideration when designing future captive release.  Once a release site is selected, this 
and other approaches will be considered using the principles outlined in the strategy section 
of the plan for species reintroduction.  Releases should use birds that are genetically and 
demographically surplus to the captive flock or are post-reproductive.  Birds that are valuable 
genetically or demographically should not be placed in a wild setting prior to the genetic and 
demographic stabilization of the captive flock if the mortality risk exceeds that under normal 
captive propagation conditions.  We agree that the approach suggested, if the above 
conditions are met, holds considerable promise for accelerating the captive release program 
and possibly increasing the productivity of pairs held in a wild setting.  
 
Comment:  Two commenters recommended releasing birds on remote or small islands 
where most threats and limiting factors can be controlled.  One of the commenters suggested 
searching carefully for a possible small island site where threats can be completely 
eliminated and that such an island then function as a breeding refugia while larger sites are 
prepared.  The reviewer said this approach has been used successfully in New Zealand to 
stabilize several endangered avian species. 
Response:  The approach recommended would be valuable, but unfortunately there are no 
islands or other types of isolated refugia in Hawai`i we know of with habitat suitable for the 
`Alalā.  
 
Implementation 
 
Comment:  One commenter suggested that a recovery action be included in the plan to form 
an implementation team or working group.  This team would be responsible for coordinating 
the deployment of personnel to begin the analysis of habitat criteria, finalize the Draft 
Environmental Assessment for Population Reestablishment of the `Alalā, identify release 
sites, implement habitat management, and assist with release planning. 
Response:  We agree it is of great importance that we move forward quickly with  
implementation of recovery actions.  We have included as a new recovery action (5.4) the 
formation of an interagency and landowner recovery implementation working group under 
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the guidance of the Service to help coordinate the implementation of recovery actions. 
 
Comment:  One commenter suggested that the Service contract out `Alalā recovery, with the 
Service and the Recovery Implementation Working Group serving a primarily monitoring 
function. 
Response:  We agree that a paid contractor responsible for implementing recovery for the 
`Alalā will likely be able to implement recovery actions most effectively.  We have added a 
new recovery action (5.5) to the plan to hire or appoint a single individual whose sole 
responsibility will be to coordinate implementation of recovery actions for the `Alalā. 
 
Issue 6:  Species genetics 
 
Comment:  One commenter recommended that more information be provided on the 
species’ genetics.  A second commenter stated that although many aspects of the genetics are 
either not fully understood or are in process of research, the genetics sections in the plan 
could be reorganized and improved to include discussion of research concerning the potential 
genetic bottleneck the species experienced during the 20th century and its implications and 
clarification of the genetic targets for captive propagation. 
Response:  The genetics sections of the plan have been revised to include the topics 
described and improve the discussion of genetic targets for captive propagation.  
 
Comment:  One commenter complimented efforts to complete molecular genetic analysis of 
the captive flock and suggested that the Whooping Crane (Grus americana) recovery 
program be considered as an example of ways to manage a captive population in somewhat 
similar genetic and demographic circumstances.  The commenter also provided a list of 
contacts in New Zealand for advice on how New Zealand endangered species programs have 
established funding partnerships, conducted community-based management of private lands, 
conducted predator control and predator avoidance training, and compared puppet versus 
parental rearing. 
Response:  We appreciate the suggestions and will as the recovery program proceeds 
continue to make contacts to learn as much as possible about management approaches used 
by other endangered species programs. 
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Issue 7:  Captive releases 
 
Comment:  Two commenters suggested that priority numbers should be lowered from 2 to 3 
for actions related to pre-release behavioral conditioning because they felt that threats 
reduction using habitat management and releasing parent-reared birds will be the most 
effective means to maximize post-release survival. 
Response:  Habitat management actions generally received similar priority rankings to 
behavioral conditioning.  We feel the Priority 2 designations for behavioral conditioning are 
appropriate because possibly taught behaviors and behaviors learned through parent rearing 
together will enable `Alalā best to avoid threats, improving the survival of captive-released 
birds as much as possible. 
 
Comment:  One commenter suggested that a successful release strategy will likely include 
the release of mixed age groups of `Alalā that have formed a large group dynamic.  The 
commenter thought the lack of a functional flock social structure was likely responsible for 
the failure of the captive releases from 1993 to 1999. 
Response:  This comment provides insight into possible reasons why the mortality rate of 
captive-released birds was high and the released birds failed to breed, possibly due to the 
absence of large social groups of `Alalā that could either mob predators or warn the flock of 
a predator’s presence, and from which breeding pairs could form.  We have included this 
release strategy (recovery action 3.4.3) among others in the plan for consideration for future 
captive releases. 
 
Comment:  One commenter recommended socializing birds in large flocks prior to release.  
One commenter suggested building aviaries at a release site and holding one or two pairs at 
the site with young able to come and go from a section of the aviary. 
Response:  We have included these socialization and release strategies in the plan (recovery 
action 3.4.3) for consideration for future captive releases. 
 
Comment:  One commenter recommended considering placing birds on another island 
(perhaps post-reproductive or non-breeding birds) that could test the environment and that 
might possibly breed in a wild setting and/or serve an educational function. 
Response:  Because the immediate goal is to stabilize the captive flock genetically and 
demographically, this approach might be considered for birds that are genetically and 
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demographically surplus to the captive flock. 
 
Comment:  One commenter felt that research completed on corvid rearing and release 
methods was not adequately discussed in the recovery program review. 
Response:  We agree that we inadvertently omitted mention of surrogate research conducted 
to assist in developing captive rearing and release methods for the `Alalā.  The plan now 
states that there needs to be a review of completed surrogate research on corvid species for 
testing reintroduction outcomes for different rearing and release approaches, and that the 
study of corvid social systems as these relate to reintroduction outcomes is highly important 
for planning future captive releases. 
 
Comment:  One commenter suggested beginning behavioral training immediately in order to 
improve post-release survival.  The commenter felt the plan over-emphasized the need for 
research in this area because there are already ample research reports and experience from 
other programs to draw upon. 
Response:  We have revised recovery actions for behavioral training to include an evaluation 
of existing research and other program results for designing a behavioral training program.  
However, until genetic goals are met, implementation of behavioral training will need to be 
balanced against potential effects on achieving production targets and risks (if any) of the 
training.  
 
Comment:  One commenter suggested exploring the possibility of immunizing `Alalā for 
toxoplasmosis. 
Response:  At this time there is no known vaccine for toxoplasmosis in birds or humans.  To 
create such a vaccine (it is not known if this will be possible) would require substantial 
funding, several years of research and development, testing for safety and efficacy both in the 
laboratory and under field conditions, and follow-up monitoring to determine longevity of 
protection.  It appears at this time that the most direct and effective approach to reduce the 
threat posed by toxoplasmosis is to remove all feral cats from habitat areas into which `Alalā 
will be introduced.  This approach not only removes the disease reservoir but also a 
significant predator on `Alalā and as such accomplishes two important threat reduction 
actions at the same time. 
 
Comment:  One commenter suggested that an important avenue of learning for the `Alalā is 



 

 E-15

juvenile and mixed-age cohorts and that further research into the social systems of the `Alalā 
or behaviorally similar corvid species will assist in planning future releases.  The commenter 
suggested that `Alalā pairs in the wild likely formed from aggregations of mixed aged birds 
without established territories, and that releases in the future likely should be of individuals 
of differing ages.  The commenter thought that much information was originally learned by 
young `Alalā not from parents, but from membership in a non-breeding flock. 
Response: We have added recovery action 3.3.2 to the plan to promote mutual learning 
opportunities of mixed-age cohorts in captivity and the study of the social system of the 
`Alalā and similar corvid species (recovery action 3.4.2) to better understand the social 
system of the `Alalā as this relates to potential efficacy of different reintroduction 
approaches. 
 
Comment:  One commenter thought it was important that individual birds be able to pass 
along cultural knowledge and suggested enhancing opportunities for learning wild behaviors 
in captivity. 
Response:  A new recovery action (3.3.3) has been added to the plan to enhance 
opportunities for learning wild behaviors by allowing juveniles contact with birds released 
into the wild and that were subsequently returned to captivity, playing tapes of wild 
vocalizations, and other means.  
 
Comment:  One commenter suggested that the plan discuss why the `Io apparently shifted its 
prey base to `Alalā during the captive releases from 1993 to 1999.  
Response:  It is not possible to address this question adequately because information is 
lacking for `Io predation on wild `Alalā.  It is conjectural that `Io did not prey on `Alalā in 
the past.  However, the comment does suggest that we will want to examine closely the 
mortality factors that contributed to the death and disappearance of captive-released `Alalā 
from 1993 to 1999.  Recovery action 3.4.1 examines the history of the captive-release from 
1993 to 1999 with emphasis on known mortality factors and changes in rearing and release 
methodologies and threats reduction to reduce post-release mortality for future releases.  
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Issue 8:  Captive propagation 
 
Comment:  Two commenters suggested that the priority number for establishing a small 
population consulting group should be lowered from 2 to 3 because needed expertise is 
currently available to address most if not all questions regarding captive propagation and 
other captive population management needs.  One of the commenters felt that information 
and reports provided by the captive flock managers to the Service on the status of the captive 
flock are adequate for most potential needs. 
Response:  The species currently faces problems of low egg fertility and hatchability, low 
chick survival, possible high rates of congenital defects, and a low proportion of pairs that 
breed successfully.  It appears all avenues are currently being explored to remedy these 
concerns and that the small founder population and difficulties breeding `Alalā in captivity 
preclude complete resolution to some of these problems.  Nonetheless, we feel the priority 
number is correct because of the importance of actively seeking additional assistance and 
expertise to address ongoing problems with the captive flock.  The reports mentioned are 
useful in general terms for tracking the progress of the captive flock but lack the detail to 
address some problems.  Recovery action 1.1.1.4 has been rewritten so that the flock 
manager assumes primary responsibility for reviewing captive flock status and new 
information and suggesting new studies and protocols, but that the Service may request this 
be done in consultation with other experts. 
 
Comment:  One commenter suggested that a fuller range of measures be used to encourage 
the breeding of birds that lack offspring representation and to increase the number of 
breeders.  The same commenter thought that inbreeding avoidance may make `Alalā try to 
breed outside natal groups and suggested maintaining single-sex groups that would be 
introduced for pairing after the natal period. 
Response: We have added recovery actions (1.1.1.5.1, 1.1.1.5.2, and 1.1.1.5.3) to the plan 
for developing and implementing approaches to increase the number of captive breeders 
including giving ineffective or inept breeders hormone implants to improve breeding and 
parental care, allowing greater opportunities for mate selection through non-breeder group 
socialization opportunities, and greater structuring of captive socialization to maintain 
several single-sex groups that can be introduced after the natal period so that inbreeding 
avoidance behavior is minimized between birds that are not genetically related. 
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Comment:  One commenter cautioned not to remove non-breeders from the captive flock 
before innovative methods to encourage breeding have been tried and shown to be 
ineffective. 
Response:  We have added new recovery actions (1.1.1.5.1, 1.1.1.5.2, and 1.1.1.5.3) to the 
plan to address the need to fully explore all means to encourage breeding of individuals that 
have not bred or are under-represented in the captive flock.  
 
Comment:  One commenter cautioned that before vaccinating `Alalā for West Nile virus, 
potential side effects should be known (particularly possible effects on reproduction). 
Response:   We have added a cautionary statement to recovery action 1.1.1.3 for potential 
vaccination of captive `Alalā for West Nile virus that potential side effects of West Nile virus 
immunization should be known before immunization (particularly possible effects on 
reproduction). 
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