
 

 

Development of a basis for allocation of fish production 

between management needs and Double-Crested Cormorant 

predation within their nesting range 

 
Final Report to the U. S. Fish & Wildlife Service 

January 27, 2023 
 

Project Applicants and Sponsors: 

 

Shannon Hanna, Natural Resource Deputy, Michigan Department of Natural Resources. 

Executive Division, P.O. Box 30028, Lansing, MI 48909. Hannas@michigan.gov 517-284-5810. 

 

Dave Olfelt, Fish & Wildlife Director, Minnesota Department of Natural Resources, 500 

Lafayette Road, St. Paul, MN 55155. dave.olfelt@state.mn.us 651-259-5555. 

 

David G. Fielder, Ph.D., Fisheries Research Biologist, Michigan DNR, Alpena Fisheries Research 

Station, 160 E. Fletcher St. Alpena, MI 49707. fielderd@michigan.gov 989-590-8956 

 

Brian Dorr, Ph.D., Research Wildlife Biologist, USDA/WS/National Wildlife Research Center 

Mississippi Field Station Scales Building Rm. 10, 2745 West Line Road, Mississippi State, MS 

39762. brian.s.dorr@usda.gov 662-325-8216. 

 

Kelly Robinson, Ph.D., Assistant Professor, Michigan State University, Quantitative Fisheries 

Center, Department of Fisheries and Wildlife, Michigan State University, 480 Wilson Road, 

Room 2C, East Lansing, MI 48824  kfrobinson@uga.edu 706-542-4837. 

Douglas Schultz, Area Fisheries Supervisor, Minnesota DNR, 07316 State 371 Northwest, 

Walker, MN 56484. doug.w.schultz@state.mn.us 218-547-1683. 

 

Rachael Pierce, Migratory Bird Biologist, U.S. Fish and Wildlife Service, Division of Migratory 

Birds 2651 Coolidge Rd, Suite 101, East Lansing, MI 48823. Rachael_Pierce@fws.gov 517-351-

5219. 

 

USFWS project manager. Andrew Forbes, Deputy Chief, Midwest Migratory Bird Program, U.S. 

Fish and Wildlife Service, 5600 American Blvd. West, Suite 990, Bloomington, MN 55437-1458. 

andrew_forbes@fws.gov 612-713-5364. 

 

 

FWS Agreement Number:  F20AC12019-00 



 

 1 

 

Principal Investigators: 

 

David G. Fielder, Ph.D., Fisheries Research Biologist, Michigan DNR, Alpena Fisheries Research 

Station, 160 E. Fletcher St. Alpena, MI 49707. fielderd@michigan.gov 989-590-8956 

 

Brian Dorr, Ph.D., Research Wildlife Biologist, USDA/WS/National Wildlife Research Center 

Mississippi Field Station Scales Building Rm. 10, 2745 West Line Road, Mississippi State, MS 

39762. brian.s.dorr@usda.gov 662-325-8216. 

 

Kelly Robinson, Ph.D., Assistant Professor, Michigan State University, Kelly Robinson, Ph.D., 

Assistant Professor, Michigan State University, Quantitative Fisheries Center, Department of 

Fisheries and Wildlife, Michigan State University, 480 Wilson Road, Room 2C, East Lansing, MI 

48824 kfrobinson@uga.edu 706-542-4837. 

Douglas Schultz, Area Fisheries Supervisor, Minnesota DNR, 07316 State 371 Northwest, 

Walker, MN 56484. doug.w.schultz@state.mn.us 218-547-1683. 

 

Rachael Pierce, Migratory Bird Biologist, U.S. Fish and Wildlife Service, Division of Migratory 

Birds 2651 Coolidge Rd, Suite 101, East Lansing, MI 48823. Rachael_Pierce@fws.gov 517-351-

5219. 

 

Report Authors:  

 

Alex Maguffee, Research Assistant I, Quantitative Fisheries Center, Department of Fisheries and 

Wildlife, Michigan State University, 375 Wilson Road, Room 101-B, East Lansing, MI 48823. 

maguffee@msu.edu 810-701-3685. 

Kelly Robinson, Ph.D., Assistant Professor, Michigan State University, Quantitative Fisheries 

Center, Department of Fisheries and Wildlife, Michigan State University, 480 Wilson Road, 

Room 2C, East Lansing, MI 48824 

Travis Brenden Ph.D., Professor/Co-Director, Quantitative Fisheries Center, Department of 

Fisheries and Wildlife, Michigan State University, 480 Wilson Road, Room 2C, East Lansing, MI 

48824 

David G. Fielder, Ph.D., Fisheries Research Biologist, Michigan DNR, Alpena Fisheries Research 

Station, 160 E. Fletcher St. Alpena, MI 49707.   



 

 2 

Abstract 

The double-crested cormorant (Nannopterum auratus) has been the focus of numerous fisheries 
allocation issues in North America. While several permitting processes have been established for 
cormorant management, there has been a need to establish a defensible framework for 
conducting cormorant management to address fisheries needs. We established a structured 
decision-making (SDM) framework to help frame management objectives, key uncertainties, and 
tradeoffs, and developed an operating model to evaluate the consequences of several 
management alternatives to simple fish communities (one predator and one prey). We selected 
Brevoort Lake in northern Michigan to apply this tool and conducted modeling exercises using 
the developed operating model to evaluate the tradeoffs in this system with walleye as the 
predator species and yellow perch as the prey species. We found that sustained dispersal of 
cormorants in Brevoort Lake led to increased numbers of harvestable walleye. In addition, at high 
levels of cormorant foraging, we observed a decrease in the weight-at-age of walleye, thus 
decreasing the amount of walleye available for harvest. The workgroup concluded that the 
decision to manage cormorants in Brevoort Lake should be based on model outputs, and 
corresponding stocking decisions. On a broader scale, the application of the operating model to 
Brevoort Lake demonstrates the usefulness of the SDM process for cormorant management.  
 
Introduction 

The double-crested cormorant (Nannopterum auratus), hereafter referred to as cormorant, is a 
piscivorous, colonial-nesting water bird native to North America (Hatch et al. 1999). Cormorant 
abundance was severely reduced through the early and mid-20th century due to a combination 
of persecution, habitat loss, and environmental contaminants, including 
dichlorodiphenyltrichloroethane (DDT). Cormorant abundance rebounded in the late 20th 
century due to several factors, including regulatory protection afforded under the Migratory 
Bird Treaty Act, the banning in the U.S. of DDT, and an increase in fish habitat stemming from 
construction of dams and reservoirs that resulted in greater food availability for cormorants 
(Wires & Cuthbert 2006; Ridgway & Fielder 2013). In the Laurentian Great Lakes alone, the 
number of cormorant nesting pairs increased from 200 in the early 1970s to 115,000 in 2000 
(Taylor & Dorr 2003). This resurgence in population abundance combined with the species’ 
piscivorous feeding resulted in cormorants being at the center of numerous conflicts with 
commercial and recreational fishing interests as well as the aquaculture industry because of 
potential negative effects on wild or cultured fish (Dorr & Fielder 2017; Ridgway & Fielder 2013; 
Wires et al. 2003). 
 
Because of increasing resource conflicts involving cormorants, the U.S. Fish and Wildlife Service 
(USFWS) in 2003 issued a Public Resource Depredation Order (PRDO) that permitted states and 
Tribal Governments limited options to control cormorants for the benefit of fishery 
management needs (Dorr & Fielder 2017). The PRDO was widely applied in the Great Lakes, and 
its application resulted in a significant reduction in cormorant foraging by several colonies in 
northern lakes (Dorr et al. 2012). In 2015, a lawsuit against the USFWS was filed by several 
conservation and welfare organizations on the grounds that the agency had not considered the 
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full environmental impact of the PRDO, nor had it considered alternative management options.  
In 2016, a U.S. district court ruled in favor of the plaintiffs and vacated the PRDO. Following this 
ruling, the USFWS conducted an Environmental Impact Assessment on cormorant management 
when resource conflicts occurred to provide states and tribes with management options. In late 
2020, a Final Environmental Impact Statement was released by the USFWS with a preferred 
alternative of offering special permits for states and Tribal Governments and formally adopted 
as a Federal Rule (USFWS 2020). The new rule offers five justifications for qualifying for a 
permit for dispersal or lethal take of cormorants, but most significant to state and Tribal natural 
resource managers is the depredation of wild and publicly stocked fish (sometimes referred to 
as ‘free-swimming’ fishes).  
 
A major question surrounding the current cormorant permitting process is at what point 
cormorant effects on fish populations warrant dispersal or lethal take. Under the current rule, 
states and Tribal Governments must annually apply to the USFWS for permits to conduct 
cormorant management, and permitting is evaluated on a case-by-case basis. Ideally, a 
management framework could be developed for predicting how fish populations within an 
individual system or across multiple systems might sustainability support additional sources of 
mortality, whether it be from cormorant feeding or other mortality (natural or fishing) sources.  
Once it was determined that a fish population could sustainably support additional sources of 
mortality, the management framework could be used to decide how to allocate available 
biomass to cormorant colonies or other competing interests. The goal of the framework would 
be to inform allocation decisions that would promote broad buy-in from stakeholders 
representing different competing interests and would account for uncertainty in the status of 
fish and cormorant populations as well as implementation uncertainty of various allocation 
approaches. Such a management framework would undoubtedly increase defensibility of 
permitting decisions, especially for state and Tribal requests for take levels, and reduce conflicts 
among stakeholders.   
 
The purpose of this project was to develop a framework that could be used for deciding when 
cormorant management may be justified and to what extent cormorant control may be 
needed.  The developed framework consisted of two components. The first component 
involved laying the groundwork for a structured decision-making (SDM) process for cormorant 
permitting that allowed for careful and organized analysis of ongoing or anticipated conflicts 
involving cormorants. SDM processes are highly collaborative and involve extensive 
engagement with stakeholders, experts, and decision makers affected by a management 
problem to arrive at decisions about issues such as the problem statement, management 
objectives, potential actions, and key uncertainties. Our development of the SDM process for 
cormorants was limited, as in reality every cormorant conflict is a unique management 
challenge involving different stakeholder groups and perspectives that may differ with respect 
to concerns and viewpoints about cormorants. Additionally, the cormorant colony and the 
systems and fish communities affected by the colony are anticipated to be sufficiently unique 
that prescriptive assignment of control options would be difficult. As a result, this SDM 
framework does not include key steps like the estimation of consequences and the evaluation 
of trade-offs and the selection of a management option as those are steps that must be 



 

 4 

performed for individual systems and populations that will be affected by management 
decisions.  
 
The second component of the framework was the development of a cormorant operating 
model that could be used to simulate simple fish communities (one predator & one prey) within 
one or more lakes that are affected by cormorant foraging and for which different management 
controls can be implemented. We simulated both a predator and prey population in part to be 
able to evaluate indirect effects on the predator population stemming from cormorant 
consumption on the prey population. Our intent for developing the operating model was for 
use during the consequences evaluation phase of an SDM process in cases where other 
simulation models are not available.  The third aspect of this project was to demonstrate a full 
SDM analysis of an ongoing cormorant conflict for Brevoort Lake in the state of Michigan. This 
cormorant SDM exercise made use of both components of this project, that is the initial 
decision context (i.e., problem statement definition, specification of management objectives) of 
the SDM process and use/modification of the cormorant operating model to try and resolve a 
permitting conflict. The exercise included bringing together stakeholder representatives to 
discuss the cormorant colony and affected fish populations, determining management 
uncertainties, estimating of consequences, and evaluating trade-offs. Our hope is that this 
could be used as a guide for other cormorant SDM exercises. 
 
The Study Objectives were: 
 
1) Engage stakeholders to inform the structure and scope of a decision analysis for fish 
allocation and Cormorant management in the Great Lakes 
2) Engage stakeholders in the participatory modeling process to determine the consequences of 
management actions and reconcile competing stakeholder objectives 
3) Evaluate and account for structural uncertainty in the management process. 
4) Develop and recommend a management formula for future allocation in the context of 
cormorant management that provides for sustainability of both birds and fish. 
 

Relationship to Previous Work 
 
While this project focused on development of the cormorant operating model and the SDM 
process for use in selecting cormorant management options, an earlier project commissioned 
by the Michigan Department of Natural Resources and funded by the USFWS and U.S. 
Department of Agriculture Animal and Plant Health Inspection Service, Wildlife Services, 
National Wildlife Research Center (WS/NWCR) was conducted to additionally aid with 
cormorant management. The purpose of that earlier project was to develop a statistical model 
for predicting surplus production values for fish populations using readily available, landscape-
level predictors for inland lakes. The aim was to provide managers a tool that could be widely 
used to estimate surplus fish production for waterbodies that have not recently or regularly 
been assessed as a basis for discussing how much of that production could be allocated to 
cormorants. In this report, this previous modeling effort is referenced several times as the 
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production-prediction model, but it should be noted that work was not performed on that 
model as part of this project. 
 
Background on Structured Decision-Making 
 
Structured decision-making is a transparent, replicable, and defensible framework that allows 
decision makers to evaluate the effects of management actions on the suite of values 
articulated for a problem (Gregory et al. 2012). The steps of this values-based framework 
include framing the problem, determining objectives, developing actions that can achieve those 
objectives, predicting the consequences of the actions on each objective, and understanding 
tradeoffs among objectives (Hammond et al. 1999). Central to the process is the identification 
of fundamental and means objectives (Keeney 1992), which describe stakeholder and decision 
maker values that include social, economic, and ecological elements. This decision framework 
can be flexible for applications like cormorant management where there is an overarching 
management problem common across multiple systems.  For management problems such as 
those involving cormorants, the problem, objectives, and alternative management options are 
common among systems, even though groups of stakeholders and the systems themselves are 
likely different.  Ultimately, this necessitates that the modeling framework for estimating the 
consequences of different management options be tailored to the individual system, with the 
weights placed on the objectives during the tradeoffs phase changed to accommodate local 
values of the gathered stakeholders.  
 
Structured Decision-Making Problem Framing Process for Cormorants 
 
Four meetings facilitated by an SDM expert from the Michigan State University Quantitative 
Fisheries Center were conducted to develop the problem framing process for cormorants. 
Meeting participants, hereafter referred to as the working group, were a mixture of university 
researchers and fish and wildlife biologists from both state and federal agencies that had 
extensive experience with cormorant management issues. Through the problem framing 
process, the working group identified the general suite of stakeholders who likely would be 
affected by or could be affected by cormorant management actions, the decision makers for 
this process, the spatial and temporal scale of the problem, and key uncertainties and 
constraints that could influence the choice of action for implementation. Identified stakeholder 
groups included anglers, angling-related businesses, bird watchers, non-governmental 
organizations, aquaculture facilities, land managers and property owners affected by cormorant 
colonies, concerned citizens and citizen groups, animal rights organizations, legislators, and 
Tribal Governments. Decision makers for this process ultimately were the USFWS and individual 
state or Tribal Governments requesting depredation permits. In addition, the working group 
noted that those who make funding decisions to implement the depredation actions were 
important to consider.  
 
The working group identified key aspects of the spatial scale important for depredation 
decisions. First, the scale could be an individual inland lake or a specific coastal system (e.g., Les 
Cheneaux Islands, Lake Huron) or a group of lakes; decisions could be made at the scale of 



 

 6 

these areas and then aggregated to a state or Tribal reservation level for state and Tribal 
Governments to make permit requests to the USFWS. Second, decisions could differ depending 
on whether the individual system was affected by migratory cormorants or by a breeding 
colony, because culling may not have the same effect in both instances. Third, the working 
group indicated that the feeding halo of a breeding colony, or the radius from the nesting area 
that birds will travel to feed, could lead to cormorants feeding on fish in multiple lakes and 
would be affected by the size of the breeding colony. The group identified a suite of social and 
political uncertainties that included the potential for additional lawsuits and social acceptance 
of depredation, as well as uncertainties related to implementation, including availability of 
funds and effectiveness of actions. Finally, constraints included access to some breeding 
colonies for implementation of depredation, staffing capacity to implement depredation in a 
timely manner, and the current cap on the number of cormorants that the USFWS has 
implemented. 
 
Based on this information, the group constructed a problem statement that described the 
decision at hand and the concerns and considerations for the problem:  
 

A framework is needed to help guide managers in requesting cormorant take from the 
USFWS, considering the desires of stakeholders, including potential conflicts between 
birds and fishers (recreational, commercial, charter) and birder / environmentalists. The 
framework should account for the ecology of individual inland lake systems, cormorant 
demographics (colony size and feeding halo, migration routes, changes in location year-
to-year), and the tolerance of stakeholders in an area for cormorant predation on fish 
production. This framework will be created for the Glacial Lakes region, but may be 
tailored to other regions if desired. The framework will be designed to assess cormorant 
demographics with respect to potential fisheries impacts across a wide variety of 
waterbodies, with the ability to weigh objectives and assess risks according to regional 
desires and needs, in order to decide if, when, and where to take action to reduce 
cormorant conflicts.  

 
The group identified two fundamental objectives pertaining to cormorant management 
decisions: (1) minimize loss of angler’s ability to catch desired species, and (2) sustain 
cormorant presence on the landscape (Figure 1). These fundamental objectives were measured 
as the predicted change in abundance of harvestable fish (objective 1) and predicted 
abundance of cormorants (objective 2). The means objective to achieving the fundamental 
objectives described the availability of prey for predators and cormorants (Figure 1). The 
working group identified concerns about how to minimize dissatisfaction among stakeholders 
with the presence of cormorants, but ultimately agreed that dissatisfaction would be affected 
by more than just fisheries concerns (e.g., through cormorant caused habitat degradation and 
co-nesting species concerns) and therefore was outside the scope of this project. The working 
group agreed that one measure of satisfaction could be captured by achieving the first 
fundamental objective. Likewise, although the fundamental objectives are affected by more 
than just the articulated means objectives in Figure 1 (e.g., angler harvest), the working group 
decided to focus on means objectives that would be affected by the decision at hand (i.e., 
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cormorant depredation). Additionally, the working group re-iterated the importance for having 
the production-prediction tool available for use by managers for systems where there is little to 
no fish population or community data available for making allocation decisions.  The working 
group additionally stressed the importance of ensuring consideration for the fish community 
objectives in individual fishery management plans, and that the decision process for requesting 
permits for cormorant depredation was transparent, biologically based, and defensible. 
 

 
Figure 1: Objectives hierarchy describing the fundamental (black) and means (dark grey) 
objectives for the decision problem of fish allocation to anglers and cormorants. The light grey 
box describes the action to be taken. N = abundance, Max = maximize, Min. = minimize, DCCO = 
double-crested cormorants. 
 
The working group next described the alternatives that could be implemented to achieve the 
fundamental objectives. In essence, the decision revolved around how many cormorants would  
allow for a sustainable fishery at a given level of angler harvest for the system of concern (i.e., 
inland lake or coastal area). The group acknowledged that they were not deciding on whether 
cormorants should be removed or not, but rather a range of cormorant abundances that could 
exist in an area relative to a range of fishery harvest from which stakeholders can make 
decisions regarding the potential need and level of management necessary to attain specific 
management objectives. 
 
Cormorant Management Operating Model 
 
A critical step of SDM is using simulation modeling to evaluate how alternative management 
options perform in achieving fundamental objectives across the range of identified 

Min. loss of ability to catch desired 
fish species / #s (measure: # 
available to harvest and / or 

predicted change in abundance)

Sustain cormorant presence
(measure: predicted N)

Max. # of fish 
available to anglers 

(within harvest 
limits)

Maintain 
appropriate 

abundance of lower 
trophic level fish

DCCO Removal / 
Reduction

Max. # of fish 
available to birds
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uncertainties (consequences step).  To facilitate future SDM projects for cormorants, we 
developed a robust and generalizable model that simulated both a cormorant fish population 
and fish community that interacts and responds to cormorant foraging.  In some cases, 
particularly challenging cormorant management conflicts may necessitate having to develop a 
more complex or complete simulation model for evaluating trade-offs in potential control 
strategies, but in other circumstances this model be sufficient for resolving the conflict.  
 
The fish community in the operating model consisted of one predator and one prey population 
that interacted through feeding to allow for the evaluation of indirect effects on the predator 
population if cormorants fed partly or entirely on the prey fish population. We developed the 
cormorant management operating model (hereafter referred to as the operating model) by 
revising the adaptive management model described in Tsehaye et al. (2015).  Rather than 
focusing on the impacts of several colonies on fish production in the Great Lakes, which was the 
aim of the Tsehaye et al. (2015) model, we revised the model so that it examined the effect of a 
single cormorant colony on one or more inland lakes located within the colony’s feeding halo. 
The model contains five primary subcomponents: (1) predator and prey fish population 
submodels, (2) a cormorant population submodel, (3) a predator fish feeding submodel (i.e., a 
model for determining predator fish communities feeding on prey fish communities), (4) a 
cormorant feeding submodel (i.e., a model for determining cormorant feeding on predator and 
prey fish communities), and (5) a management submodel. 
 
Fish Population Submodels 
 
The fish population submodels track abundances-at-age for predator and prey fish 
communities, across multiple lakes within the feeding halo of a cormorant colony. Fish 
abundances are updated at the start of each year. Initial abundances must be specified by the 
user for the system(s) being evaluated. Predators experience constant natural and fishing 
mortality rates, although mortality from cormorant predation depends on cormorant and 
predator densities. Prey fish communities experience a low level of background mortality (Dorn 
& Barnes 2022) with additional mortality stemming from predator and cormorant predation 
(both described below). Expected recruitment is calculated as the product of the calculated 
spawning stock biomass (SSB), a relative fecundity value (f), and an egg survival rate (Se; 
Equation 1).   
 
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑟𝑒𝑐𝑟𝑢𝑖𝑡𝑚𝑒𝑛𝑡 =  𝑆𝑆𝐵 ∙ 𝑓 ∙ 𝑆𝑒      Equation 1 
 
Stochasticity in annual recruitment values is accounted for by randomly generating recruitment 
values from a normal distribution with the expectation set to the expected recruitment value 
and an assumed coefficient of variation. SSB is calculated as the total biomass of females. An 
upper bound on recruitment is applied to both predators and prey to prevent drastic increases 
in population abundance.   
 
Biomass-at-age of the predator and prey populations is calculated as the product of abundance-
at-age and average weight-at-age. Average length-at-age for predator and prey populations 
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were predicted from a von Bertalanffy growth model (Equation 2). Expected lengths were then 
converted to expected weights through an allometric growth model (Equation 3). 
 

𝐿𝑎 =  𝐿∞(1 − exp(−𝐾(𝑎 −  𝑡0)))       Equation 2 

 

𝑊𝑎 = 𝛼 𝐿𝑎
𝛽

          Equation 3 

 
Cormorant Population Submodel 
 
The cormorant population submodel is a simplified version of the model presented by Tsehaye 

et al. (2015). Rather than focusing on several cormorant colonies, the operating model 

considers just a single cormorant colony, although the model can also accommodate a transient 

population (i.e., a migrating population of cormorants). The cormorant submodel tracks 

abundance-at-age for cormorants aged 0 to 5+.  At the beginning of each year, cormorants 

experience overwintering mortality, and numbers are updated. 

 

Following the application of management (see below), cormorant clutch size (C) is calculated 

using a logistic function (equation 13, Tsehaye et al. 2015), to represent feedback associated 

with forage availability: 

 

𝐶 = 1 + 1.1
1

1+exp (−10(𝐹𝑅−0.5))
       Equation 4 

 

where FR is the daily, per-cormorant feeding rate calculated from the functional response (see 

below). Young-of-year abundance is then calculated by multiplying clutch size by the number of 

nests. 

 
Cormorant Feeding Submodel 
 
Cormorant feeding occurs during three time periods: a pre-breeding period, an on-nest period, 
and post-nest period.  This matches the feeding timing assumption in Tsehaye et al. (2015). 
During each period, feeding is calculated using a type-II functional response (Holling 1959): 
 

𝐹𝑅 =  
𝑎𝐷

1+𝑎ℎ𝐷
          Equation 5 

 

where a is search rate, h is handling time, and D is the density of fish by lake. The parameters 

for the cormorant feeding model were modified from the original parameters used in Tsehaye 

et al (2015). The original feeding parameters were borrowed from a predation study of 

common mergansers (Wood & Hand 1985); we modified these parameters to more accurately 

reflect the feeding rates of double-crested cormorants. The handling time parameter was 

modified such that the asymptotic feeding rate would match the per-bird feeding rates 

estimated by Seefelt & Gillingham (2008), which was 0.55 kg/day during the pre-nesting and 
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nesting phase and 0.65 kg/day for the post-nesting phase. Per-bird feeding rates are then used 

to derive total consumption by multiplying the per-bird feeding rate by the adult cormorant 

abundance and total length of the feeding period. How this total consumption level is allocated 

across predator and prey populations and different lakes depends on the user-specified feeding 

preference and a colony area index, which is a function of the number of nests (Ridgeway et al. 

2006; Lewis et al. 2001). 

 

𝐶𝑜𝑙𝑜𝑛𝑦 𝐴𝑟𝑒𝑎 𝐼𝑛𝑑𝑒𝑥 (𝑘𝑚) =  
√𝑁𝑒𝑠𝑡 𝑁𝑢𝑚𝑏𝑒𝑟

2
      Equation 6 

 

The colony area index is recalculated at the start of each year.  When the management model is 

evaluating multiple lakes, cormorants will only feed in lakes whose centroid distance from the 

colony falls within this colony area index.  

 
Predator Feeding Submodel 
 
The predator feeding model follows a similar structure to the cormorant feeding model, while 
also containing a feedback mechanism for predator growth. The daily consumption rate for an 
individual predator of a certain age is calculated following methodologies described in Rose et 
al. (1999): 
 
𝐶𝑚𝑎𝑥,𝐵 = 𝑎 ∗ 𝐵𝑏 ∗ 𝑟𝑐         Equation 7 

 

𝐶𝐵 =  
𝐶𝑚𝑎𝑥,𝐵∗𝐵∗(

𝑃𝐷

𝐾
)

1+(
𝑃𝐷

𝐾
)

         Equation 8 

 
where Cmax represents the maximum consumption of an individual predator, B is expected 

weight for walleye of the evaluated age, a and b are regression constants, rc is a temperature-

dependent adjustment (described in Appendix 1), CB is daily consumption rate, PD is prey 

density, and K is the half-saturation constant (i.e., the prey density associated with half of the 

maximum consumption rate; this value is used to calibrate the model). Total prey loss to 

predator consumption was calculated by multiplying daily consumption rate by age-specific 

abundances and summing across ages.   

 
Predator growth is updated at the start of each year based on the total consumption of a single 

predator. This is calculated using a simplified version of the Kitchell et al. (1977) bioenergetics 

model. The consumption required for respiration, egestion, excretion, and specific dynamic 

action are combined into a single term referred to as “Maintenance”, which represents the 

amount of feeding that must occur over the course of a year for that individual to remain at the 

same weight. Each year, maintenance is calculated for predators at each age: 

 

𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒𝑎𝑔𝑒 =  7.6877 ∗ 𝑊𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑒
0.8101     Equation 9 
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Total growth is then calculated using this value for maintenance as well as the calculated 

consumption value from the previous year: 

 

𝐺𝑟𝑜𝑤𝑡ℎ𝑎𝑔𝑒 =  
𝐶𝐵−𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒𝑎𝑔𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑏𝑎𝑠𝑒𝑑 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡
       Equation 10 

 

The weight-based constant was calculated using a generalized additive model (GAM) 

relationship derived from model output. The Kitchell et al. (1977) model was fit using a range of 

starting weights fit to a range of final weights; the total consumption output was then fit to the 

change in weight using linear regression. The slope of these relationships varied based on 

starting weight. The weight-specific constant was predicted from a generalized additive model 

using starting weight as a predictor variable: 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑏𝑎𝑠𝑒𝑑 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ~ 𝑠(𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑊𝑒𝑖𝑔ℎ𝑡)     Equation 11 

 

Lastly, weight-at-age was updated by adding predicted growth to expected weight at the 

previous age: 

 

𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑒 = 𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝑊𝑒𝑖𝑔ℎ𝑡𝑎𝑔𝑒−1 + 𝐺𝑟𝑜𝑤𝑡ℎ𝑎𝑔𝑒−1   Equation 12 

 

Management Submodel 
 
Management occurs between the first and second feeding periods, prior to calculating DCCO 

clutch size and recruitment. At the beginning of the simulation run, a rule for management is 

set, which determines when cormorant management will occur. The management rule can be 

based on conditions in a single lake or a group of lakes depending on the user’s desire. 

Annually, the expected proportion of fish biomass consumed by cormorants is calculated. If this 

proportion exceeds the percentage of biomass allocated to cormorants in a single lake (this 

allocation is set as an alternative at the start of the model), cormorant control is assumed to 

occur.  

 

Management may consist of nest oiling, bird culling, dispersal, or a combination of these 

options. The decision of whether to apply any of these management options, and the rate of 

each, is determined based on user input. Functionally in the model, nest oiling reduces clutch 

size, and the birds on these nests remain at the colony and still feed on fish in the surrounding 

lakes. Culling both removes birds and reduces clutch size. Dispersal assumes that birds are 

unable to feed on the target fish populations when applied. 
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Brevoort Lake Case Study 
 
We used Brevoort Lake in the state of Michigan to demonstrate a full SDM process confronting 

a cormorant conflict. Brevoort Lake is a 1700-hectare lake located in Mackinac County in the 
Upper Peninsula of Michigan. The main conflict with cormorants involves a fishing club that 
pays for the lake to be stocked with walleye (Sander vitreus) as there is limited natural 
reproduction in the lake. Stocked walleye are consumed by a transient cormorant population, 
and the angling group is interested in using dispersal to limit effects on the walleye population 
maintained through stocking. 
 
The group of researchers, stakeholders, and decision makers that were convened for the 
Brevoort Lake cormorant case study included some individuals from the aforementioned 
working group, but was expanded to include additional staff from Michigan DNR, US Forest 
Service (USFS), and a representative of the angling groups that pays to support walleye stocking 
on the lake (Table 1).  Three meetings were held with this group to review the general problem 
statement and objectives, identify management alternatives, discuss the operating model and 
what might need to be changed for the model to be representative of Brevoort Lake, and 
evaluate consequences and trade-offs.   
 

Table 1. List of research personnel and stakeholders, their affiliation, and their involvement in 
the SDM process, either as a member of the working group, as a participant in the case study, 
or both. 

Name Affiliation SDM Working Group 
Brevoort Lake Case Study 

Participant 

Travis Brenden MSU X X 
Chuck Bronte USFWS X  
Dave Caroffino MDNR  X 
Randy Claramunt Michigan DNR X X 
Tom Cooper USFWS X  
Robin DeBruyne USGS X  
Brian Dorr USDA APHIS X  
Jim Farquhar New York DEC X  
Dave Fielder Michigan DNR X X 
Gary Gorniak Straits Area Sportsmen’s 

Club 
 X 

Randy Jackson Cornell University X  
Darren Kramer MDNR  X 
Lucas Langstaff USFS  X 
Jana Lantry New York DEC X  
Sherry MacKinnon MDNR  X 
Alex Maguffee MSU X X 
Eric Miltz-Miller USFS  X 
Rachael Pierce USFWS X  
Kelly Robinson MSU X X 
Doug Schultz Minnesota DNR X  

 
The operating model was set up to track walleye (Sander vitreus) as the predator species and 
yellow perch (Perca flavescens) as the prey species, with species-specific parameters derived 
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from published sources and agency data (Table 2). The model was also simplified to account for 
impacts of cormorants on a single lake, rather than multiple lakes surrounding a colony. 
Cormorant numbers were not tracked; instead, cormorant feeding numbers were represented 
as the number of cormorants that feed on the lake daily on average, following dispersal. 
Because cormorants only feed on Brevoort Lake during Spring and Fall migration, cormorant 
feeding did not occur during the on-nest feeding period. Lastly, recruitment for walleye was 
deemed negligible due to low recapture rates (IFWD 2015); thus, the model considers the 
walleye population in Brevoort Lake to be sustained entirely by stocking. 
 
Table 2. List of all Model Parameters, descriptions, and sources (if applicable) for the operating 
model created to simulate abundance of fish and double-crested cormorant populations under 
different scenarios of management of cormorants. 

PARAMETER 
NAME 

DESCRIPTION VALUE SOURCE 

K Von Bertalanffy growth 
coefficient 

0.30 (Walleye); 0.33 
(Yellow Perch) 

Froese & Pauly 2021 

LꚘ Von Bertalanffy asymptotic 
length 

70.6 cm (Walleye);      
33.0 cm  (Yellow 

Perch) 

Froese & Pauly 2021 

t0 Von Bertalanffy age at length 
zero 

-0.69 (Walleye);  
-0.36 (Yellow Perch) 

Froese & Pauly 2021 

α Length-weight parameter 0.0086 (Walleye); 
0.0116 (Yellow Perch) 

Froese & Pauly 2021 

β Length-weight parameter 3.08 (Walleye); 3.06 
(Yellow Perch) 

Froese & Pauly 2021 

f Relative fecundity  70,600 eggs/kg 
(Walleye); 183,000 

eggs/kg (Yellow Perch) 

Rose et al. 1999 

fCV Relative fecundity coefficient 
of variation 

0.25 - 

UB Recruitment upper bound for 
yellow perch (age 0) 

554,000 fish - 

SE Survival of yellow perch from 
egg stage to age-0 

0.01% - 

S0 Survival of young-of-year 
yellow perch to age 1  

0.1% - 

SS Survival of spring walleye 
fingerlings to age 1  

0.1% - 

SF Survival of fall walleye 
fingerlings to age 1 

0.91% Bence et al. 2019 

a Search rate for cormorant 
feeding model 

0.05 Tsehaye et al. 2015; 
Wood & Hand 1985 
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h Handling time for cormorant 
feeding model 

1.54 (pre-nest and 
nesting); 1.82 (post-

nesting) 

Seefelt & Gillingham 
2008; Tsehaye et al. 
2015 

MW Natural Mortality of Walleye 0.32 GLFC-WTG 2018 
MYP Background Natural Mortality 

of Yellow Perch 
0.05 Dorn & Barnes 2022 

Mat Percentage mature individuals 
at age (Age 1 – 9+) 

0.22, 0.80, 0.94, 0.98, 
0.99, … (Walleye); 

0.20, 
0.82,0.99,1.00,1.00, … 

(Yellow Perch) 

Ohio DNR 2019 

 
 
Model Simulations & Yield-per-Recruit Analysis 
 
Operating Model 
 
We calibrated the operating model by adjusting the density of the lake’s prey base until walleye 
weight-at-age matched observed weights-at-age in Brevoort Lake (Michigan DNR 2018, 
unpublished data). The recruitment upper bound and the walleye feeding model’s half-
saturation constant were systematically varied until these prior conditions were met. The 
model was then run without recruitment process uncertainty to generate initial biomass 
conditions for the lake’s fish community. 
 
The operating model was applied across a variety of alternative actions, which were 
combinations of the following categories of actions: (1) daily cormorant feeding numbers 
ranging from 0 to 350 (in increments of 50), representing the average number of cormorants 
that feed on the lake daily following dispersal, (2) stocking rates varying from 2,000 to 4,000 fall 
fingerlings (in increments of 1,000), and (3) a variety of options representing the potential for 
cormorant prey preference (Table 3). All modeling scenarios were run for 250 simulations of 25 
years each. We report the results from the model at year 5, as well as a mean of the last 5 years 
to capture the short- and long-term impacts of these various management options. 
 
Yield-per-Recruit Analysis 
 
To supplement the operating model results, a yield-per-recruit analysis was performed to 
assess the value of stocked walleye in Brevoort Lake. The analysis applied vulnerability to 
harvest (age 3+ walleye), survivorship (calculated using the operating model’s annual natural 
mortality), and biomass-at-age (calculated from the length data; Michigan DNR 2018, 
unpublished data), to create a yield-per-recruit curve across a range of exploitation rates. To 
assess the effects of cormorant predation on expected yield-per-recruit, additional curves were 
created across a range of assumed cormorant mortality rates. 
Table 3. List of all management scenarios run for the Brevoort Lake case study; each scenario 
was run for 250 simulations of 25 years each. Scenarios describe the expected number of 
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cormorants feeding each day, the number of fall fingerling walleye stocked in the lake, and the 
preference of cormorants for particular prey types, including small-bodied (Age 3 and below) or 
large-bodied (Age 4 and above) fish, or particular species (i.e., walleye or yellow perch). 

Simulation 
Number 

Daily Cormorant Feeding 
Numbers 

Stocking Numbers (Fall 
Fingerlings) 

Cormorant Prey Preference 

1 0 2,000 None 
2 0 3,000 None 
3 0 4,000 None 
4 50 2,000 None 
5 50 3,000 None 
6 50 4,000 None 
7 100 2,000 None 
8 100 3,000 None 
9 100 4,000 None 

10 150 2,000 None 
11 150 3,000 None 
12 150 4,000 None 
13 200 2,000 None 
14 200 3,000 None 
15 200 4,000 None 
16 250 2,000 None 
17 250 3,000 None 
18 250 4,000 None 
19 300 2,000 None 
20 300 3,000 None 
21 300 4,000 None 
22 350 2,000 None 
23 350 3,000 None 
24 350 4,000 None 
25 50 2,000 Small-bodied fish 
26 50 2,000 Large-bodied fish 
27 50 2,000 Walleye 
28 50 2,000 Yellow Perch 
29 50 3,000 Small-bodied fish 
30 50 3,000 Large-bodied fish 
31 50 3,000 Walleye 
32 50 3,000 Yellow Perch 
33 50 4,000 Small-bodied fish 
34 50 4,000 Large-bodied fish 
35 50 4,000 Walleye 
36 50 4,000 Yellow Perch 
37 150 2,000 Small-bodied fish 
38 150 2,000 Large-bodied fish 
39 150 2,000 Walleye 
40 150 2,000 Yellow Perch 
41 150 3,000 Small-bodied fish 
42 150 3,000 Large-bodied fish 
43 150 3,000 Walleye 
44 150 3,000 Yellow Perch 
45 150 4,000 Small-bodied fish 
46 150 4,000 Large-bodied fish 
47 150 4,000 Walleye 
48 150 4,000 Yellow Perch 
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Results & Discussion 
 
Outcomes from the operating model indicate that sustained cormorant dispersal leads to 
increased harvestable walleye abundance, while increased stocking rates create a buffer 
against cormorant predation (Figure 2). Because cormorants only feed on Brevoort Lake during 
Spring and Fall migration, dispersal is the only direct method that can be applied on the lake 
itself; historically, however, it should be noted that cormorants can feed on the lake from 
surrounding colonies if these colonies grow large enough. Management rates for cormorants 
should reflect the goals of the fishery in question; in the case of the Brevoort Lake walleye 
fishery, success is often measured in the number of harvestable walleye available in the lake. 
Results indicate that allowing 50 cormorants to feed on the lake daily over the course of both 
Spring and Fall migration reduces the amount of harvestable walleye by approximately 30% 
(Figure 3).  
 

 
 
Figure 2. Harvestable Walleye Abundance (Age 3+) across all management scenarios, averaged 
across the last five years of simulations. Lines depict the median abundance, boxes depict the 
interquartile range, and whiskers depict the range of outcomes. 
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Figure 3. Mean percentage of harvestable walleye abundance (age 3+) remaining in the last five 
years (years 21–25) assuming a range of mean daily numbers of feeding cormorants; larger 
symbols represent increasing walleye stocking rates. 
 
While the direct impact of cormorant predation on walleye abundance is evident, consideration 
should also be given to the indirect impacts of predation on walleye prey items. Results indicate 
that high cormorant predation on yellow perch leads to decreasing walleye weights-at-age 
(Figure 4). Anglers indicate that harvestable walleye abundance is typically valued more than 
the availability of larger fish. However, it is possible that cormorant predation on walleye prey 
items may lead to smaller walleye, thus increasing the time it takes for walleye to become 
available for harvest. 
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Figure 4. Mean weight-at-age in the last five years (years 21–25) for walleye given a stocking 
rate of 3,000 fall fingerlings every two years at different cormorant numbers. DCCO = double-
crested cormorant. 
 
Previous studies have indicated that cormorant diets consist of a wide variety of piscivorous 
prey items, with little evidence for species or size preference. Our sensitivity analysis of the 
effects of prey preference by cormorants indicates that harvestable walleye abundance is 
affected more by cormorant preference for large-bodied fish or for yellow perch (Figure 5). The 
magnitude of this effect increases with cormorant abundance. Thus, higher levels of cormorant 
predation resulted in increased uncertainty in cormorant feeding rates on species of 
management importance. Consideration should be given to management scenarios in which 
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higher levels of cormorant predation are allowed; the potential for prey preference may lead to 
increased uncertainty about the consequences of specific management actions. 
 

 
Figure 5. Harvestable walleye abundance (age 3+) in year 5 under different scenarios of prey 
preference. Lines depict the median abundance, boxes depict the interquartile range, and 
whiskers depict the range of outcomes. 
 
The yield-per-recruit analysis resulted in a maximum expected yield of approximately 0.29 kg at 
100% exploitation assuming 0 mortality from cormorants, with lower yields as cormorant 
mortality increases; for example, applying a cormorant mortality rate of 0.1 to the yield-per-
recruit curve resulted in an approximate 26% reduction in exploitation rate (Figure 6). In 
addition to the results of the operating model, managers could use this yield-per-recruit 
analysis as an additional tool for managing cormorants. 
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Figure 6. Brevoort Lake walleye yield-per-recruit across a range of exploitation rates given 
specified cormorant mortality rates. 
 
Brevoort Lake was selected as a case study to apply the operating model, but the results can be 
generalized to help inform cormorant management in similar systems. While the operating 
model was originally built to evaluate cormorant impacts on inland lakes surrounding a colony, 
the application of a simplified version of the model for impacts from migrating cormorants 
provides an additional consideration for cormorant concerns. The results of the operating 
model, including the tradeoff plots and sensitivity analyses of prey preference of cormorants, 
provided the group with an understanding of the tradeoffs between the two fundamental 
objectives (minimizing loss of ability to catch desired fish species and sustaining cormorant 
presence on the landscape), as well as the risks associated with uncertainties in terms of 
cormorant feeding preferences. Overall, the group used these results to discuss these risks and 
tradeoffs during one of our virtual workshops. A final decision about the number of cormorants 
allowed to feed daily on Brevoort Lake will depend on related decisions of how many walleye to 
stock, which is in turn dependent on availability of fish and funds. Therefore, the group agreed 
that this tool will be useful for revisiting cormorant management decisions in the future, after 
stocking decisions are made. 
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Management Implications: 
 
The new permitting process for Cormorant management by states, tribes and others to address 
affects on free-swimming fishes didn’t fully address the basis for evaluating permits for 
approval. Needed was a consistent and justifiable basis for decision making that can be applied 
across jurisdictions. This is especially needed for less informed fish communities where robust 
past survey data and modeling may not be available. This work has strived to develop a basis 
and tool kit that can be applied by both permit applicants and decision makers from a 
perspective of allocation between human use and bird needs. The ongoing challenge is to fine 
tune the final decisions to reflect the unique needs of local stakeholder for each subject water 
body. As such, no single approach will fit every case but this work provides a starting point to 
incorporate local needs and hopefully result in a more consistent, transparent, and justifiable 
permitting process.  
 
Future Research: 
 
Future work will focus on the continuing use of the operating model, including application to 
systems with previous cormorant issues (e.g., Eastern Lake Ontario, Les Cheneaux Islands), 
particularly systems that involve cormorant predation on inland lakes surrounding a cormorant 
colony. Consideration will also be given to building additional uncertainties into the model, and 
the capacity to assess risk to inland fisheries given uncertainty in surplus production. 
 
Presentations delivered or planned and outreach: 
 
The report authors plan on presenting the results of this study at the American Fisheries Society 
(AFS) meeting in August 2023 in Grand Rapids, Michigan. Future research involving the use of 
the operating model developed during this project, including its application to systems that 
experience fish predation from surrounding cormorant colonies, will likely also be presented at 
future AFS meetings. 
 
Additionally, a tool-kit consisting of the code for the different models and a user manual is 
planned for handing off to potential users such as states, tribes, and federal decision makers.  
 
Lastly, a presentation of these findings to the Association of Fish and Wildlife Agencies’ bird/fish 
conflict workgroup has been offered and tentatively being planned.   
 
Peer-reviewed papers planned: 
 
A publication is in the works for this study; the authors will be targeting journals that focus on 
fisheries allocation concerns (i.e., Fisheries Management, Canadian Journal of Fisheries and 
Aquatic Sciences, among others). 
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Appendix 1 
 
Consumption is dependent on temperature. The function uses an adjustment that rises to a 

maximum of 1 at optimum temperature and then falls rapidly until maximum temperature is 

reached. All equations are obtained from Kitchell et al. (1977). 

 

Equation 13 

 

𝑟𝑐 = (𝑉𝑋)(𝑒𝑋(1−𝑉)) 
 

Equation 14 

 

𝑉 =  
𝑇𝑚 − 𝑇

𝑇𝑚 − 𝑇0
 

 

Equation 15 

 

𝑋 =  
𝑊2(1 + (1 +

40
𝑌 )

1
2

)2

400
 

 

Equation 16 

 

𝑊 = (𝑙𝑛𝑄)(𝑇𝑚 − 𝑇0) 
 

Equation 17 

 

𝑌 = (𝑙𝑛𝑄)(𝑇𝑚 − 𝑇0 + 2) 
 

T = Ambient Temperature 

Q = Slope for temperature dependence of consumption 

T0 = Optimum temperature for consumption 

Tm = Maximum temperature for consumption 

rc = temperature dependent proportional adjustment for consumption rate 

 
 
 
 


