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Abstract: The number of double-crested cormorants (Phalacrocorax auritus) breeding in the
Great Lakes states and provinces has increased during recent decades. Their abundance and
foraging habits have thrust this species into conflict with the aquaculture industry and fisheries
interests. The U. S. Fish and Wildlife Service proposed a change in the management of double-
crested cormorants recently to alleviate these conflicts, especially with aquaculture, natural
resources, and federal fish hatcheries. Research activities should be an integral component of
these expanded efforts to manage cormorants, including further investigations on cormorant
impacts to the aquaculture industry and evaluations of the added benefits of proposed lethal
control at winter roosts. Impacts to natural resources and commercial fisheries should also be
addressed, given that management to protect these resources would be a significant departure
from current management strategies. Use of lethal control at fish hatcheries may enhance
opportunities for hatchery managers to reinforce non-lethal methods. However, research should
evaluate the added benefits of lethal reinforcement and determine if it is economically justified.
In view of the recognized potential for regional population management in the near future,
scientists should continue to evaluate the effects of management actions on local and regional
cormorant populations and collect the basic life-history data essential for population modeling
efforts. The role science plays in wildlife damage management is well-established. In this
symposium, we address the role of research activities in cormorant management actions
conducted under the authority of the proposed rule change.
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INTRODUCTION

In the mid-20" century, the Interior breeding in the Great Lakes States and
population of double-crested cormorants Provinces. In fact, the Interior cormorant
(Phalacrocorax auritus) suffered population population numbered greater than 220,000
declines throughout the Great Lakes region pairs in the mid-1990's (Hatch 1995). Their
due to persecution and the effects of abundance and foraging habits have thrust
pesticides (Ludwig 1984, Weseloh et al. this species into conflict with the
1995). In response to pesticide bans and aquaculture industry and fisheries interests
extensive conservation efforts, cormorant over perceived and documented impacts to
populations have shown remarkable natural and  commercial  resources.
increases (Ludwig 1984), especially those Management of cormorant damage is
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complex, given that damage to aquaculture
in the U.S. falls within the authority of the
U.S. Department of Agriculture (Acord
1995, Glahn et al. 2000b), migratory bird
management 1is by the U.S. Fish and
Wildlife Service (Trapp et al. 1995), and the
provincial governments of Canada (Keith
1995).

Recent reviews have addressed the
need for research to determine the impacts
of cormorants on these resources, the
impacts of management actions on the
cormorants, and the effectiveness of
management activities on the resources
being protected (Nisbet 1995). These and
other publications have stressed the need for
better information on cormorant ecology,
including reproductive parameters, foraging
ecology, and wintering ecology and
movements (Erwin 1995, Weseloh and
Lewis 1999). Conflicts  involving
cormorants include well-documented
impacts to aquaculture in the southeastern
U. S. (Glahn and Brugger 1995, Glahn and
Stickley 1995, Glahn and Dorr 2002), but
information needs still exist (Erwin 1995,
Glahn et al. 2000b). Perceived cormorant
impacts on recreational fisheries and other
natural resources such as nesting birds also
cause conflict and are a source of concern
among recreationists, but true impacts are
not well-documented (Trapp et al. 1999).

The U. S. Fish and Wildlife Service
recently released a proposed rule for altering
the = management of  double-crested
cormorants in the U. S. to alleviate conflicts
with this species through management
actions to protect aquaculture, natural
resources, and federal fish hatcheries (50
CFR Part 21, Federal Register Volume 68,
March 17, 2003). The role science plays in

wildlife damage management 1is well-
established, even within the relatively

narrow scope of cormorant impacts to
aquaculture (Glahn et al. 2000b). In this
symposium, we address the role of research
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activities in cormorant management actions
conducted under the authority of the
proposed rule change.

EXPANSION OF THE STANDING
DEPREDATION ORDER FOR AQUA-
CULTURE

Cormorant impacts on aquaculture in
the southeastern United States are well-
documented, and replacement costs were
estimated at nearly $5 million annually to
catfish production in Mississippi alone
(Glahn et al. 2000a). Studies to determine
patterns and mechanisms of impact to the
industry have led to an understanding of
catfish consumption rates by individual
birds (Stickley et al. 1992, Glahn and Dorr
2002), catfish size preferences of cormorants
(Glahn et al. 1995), and the effects of
projected impacts on return at harvest
(Glahn et al. 2003). Researchers must play
an 1mportant role in the refinement of
information to ensure that knowledge is

relevant to cultural practices and bird
behaviors. Information needs include the
impact of realistic, multi-bird foraging

assemblages on aquaculture production
(Glahn and Dorr 2002) and the effects of
compensatory  fish growth  following
foraging activities and economic impacts at
harvest (Glahn et al. 2003). Changes in the
aquaculture industry driven by supply needs
and income periodicity have resulted in

dominance of multiple-batch farming
(Edwin Robinson, Personal
Communication), which 1s defined as

growth of multiple size classes of fish
simultaneously in the same pond (Tucker
and Robinson 1990). Research efforts must
address these changes and ensure that results
from previously conducted studies (e.g.,
Glahn and Dorr 2002) adequately address
impacts in new culture systems. For impact
studies to serve their purpose, researchers
must determine the ultimate effect of
damage from cormorants on production




costs and economic 1impacts at harvest
(Erwin 1995, Nisbet 1995, Glahn et al.
2003).

Effective damage management on
aquaculture facilities usually consists of an
integrated program of both lethal and non-
lethal techniques. Non-lethal scare devices
including pyrotechnics and propane cannons
have been used to disperse birds from
southern aquaculture facilities (Stickley and
King 1995, Littauer et al. 1997, Mott and
Brunson 1997, Mott and Boyd 1995).
Aquaculture  producers  also  obtain
individual permits for reducing the number
of fish-eating birds on farms and reinforcing
non-lethal methods (Mastrangelo et al.
1997). Localized shooting usually results in
effective dispersal but few birds killed (Hess
1994), and has no significant impact on
populations (Mastrangelo et al. 1997, Belant
et al. 2000, Blackwell et al. 2000). In 1998,
the U.S. Fish and Wildlife Service issued a
standing depredation order for control of
cormorants on aquaculture facilities in 13
southern states, thereby eliminating the need
for growers to obtain individual permits to
shoot this species. A recent survey of
aquaculturalists conducting control activities
under this depredation order indicated that
although the number of cormorants killed
increased under this new depredation order,
there was no immediate negative impact on
the population (Glahn et al. 2000a).

Non-lethal harassment has been
effective for dispersing cormorants (Mott et
al. 1992, 1998). Harassment of cormorants
at night roosts reduces cormorant use of
nearby aquaculture facilities (Mott et al.
1992, 1998), and use of harassed roosts
decreases significantly following dispersal
(Tobin et al. 2002). The proposed USFWS
rule expands authority to shoot cormorants
without a permit at night roosts. This
change may help reduce the number of
DCCO nesting near catfish farms and also
reinforce  harassment efforts. In a
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comparison of lethal and non-lethal
approaches to roost harassment, Glahn
(2000) found that the time required to
disperse roosts and the duration of
effectiveness did not differ when shooting
was compared to hazing with pyrotechnics.
He also found that few birds were killed
using this technique.  Research efforts
should include evaluation of the added
benefits of lethal reinforcement and
continued evaluation of the effects of these
actions on local and regional cormorant
populations.

STANDING DEPREDATION ORDER
FOR PROTECTING NATURAL RE-
SOURCES

A primary source of conflict
attributed to double-crested cormorants
arises from perceived and/or real impacts
from cormorant nesting and foraging on
other natural resources. Cormorants have
long been perceived as competitors for wild
commercial and recreational fisheries,
although such 1mpacts have not been
adequately documented (Trapp et al. 1999).
Cormorants typically consume fish of a
given species in proportion to its availability
(Glahn et al. 1995, Glahn et al. 1998).
Studies of cormorant diets have concluded
that cormorant foraging activities in the
Great Lakes (Craven and Lev 1987, Belyea
et al. 1999, Bur et al. 1999) and the
southeastern United States do not have a
negative impact on sport fisheries (Glahn et
al. 1998). Nonetheless, concern over the
issue continues, and Weseloh and Lewis
(1999) found that 2 of the top 4 information
needs among biologists polled on cormorant
impacts were related to impacts on fish
populations.

Double-crested Cormorants are a
colony nesting species, and the local effects
of their droppings and activities can be
detrimental to surrounding vegetation.
Weseloh and Ewins (1994) described an




example of the progression of nesting site
selection beginning in the trees and then
shifting to ground nesting sites. Nesting
cormorants often defoliate the trees used for
nesting and roosting (Lemmon et al. 1994,
Shieldcastle and Martin 1999). Expanding

cormorant nesting colonies may also
displace other nesting birds, especially

herons.  Displacement may be indirect
through destruction of vegetation (Lemmon
et al. 1994, Shieldcastle and Martin 1999) or
direct through usurpation of nest sites as
proposed by Jarvie et al. (1999). In many
cases, the population of the species that may
be displaced is in a more sensitive condition
due to loss of nesting habitat than that of the
usurping cormorants, at least on a local
scale, as with the case of black-crowned
night herons (Nycticorax  nycticorax,
Shieldcastle and Martin 1999) and common
terns (Sterna hirundo, Korfanty et al. 1999).
Jarvie et al. (1999) used a Geographical
Information System (GIS) approach to
identify individual nest trees and document
colony expansion and destruction of trees at
a colony in Toronto, Canada. Research into

the 1i1mpacts of cormorants on native
vegetation should include similar
quantitative  approaches to  document

changes in the diversity of ground flora and
techniques for mitigating these losses.

The proposed USFWS depredation
order allows egg oiling, nest/egg
destruction, and take of adult cormorants by
Federal, state, and tribal entities, and their
agents. Data on the effectiveness of
managing of breeding cormorants is limited
to experimental programs of limited scope
(DesGranges and Reed 1981, Bedard et al.
1999) and evaluation of the effects of illegal
destruction on reproductive success of a
colony (Ewins and Weseloh 1994). The
results of these experiences suggest that
control efforts aimed at nests and eggs must
be massive and diligent to be effective
(DesGranges and Reed 1981, Ewins and
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Weseloh 1994), and that there will be a time
lag between implementation of control
measures and population decline (Bedard et
al. 1999). Mortality of adult birds appears to
be more effective for control of reproductive
output in a colony than nest treatments
(Ewins and Weseloh 1994, Blackwell et al.
2002). The role of research in these types of
management activities has been discussed in
numerous symposium summaries (Erwin

1995, Nisbet 1995), as essential for
predicting, monitoring, and evaluating the
effect of management actions on the

protected resource, while documenting the
effects of these techniques on local and
regional populations. Bedard et al. (1999)
conducted the most extensive colony control
program to date and also concluded that
these management activities must be
conducted under scientific supervision.

LETHAL CONTROL
HATCHERIES

Prior to its prohibition, lethal control
of fish-eating birds was common at state and
Federal hatcheries, and was considered an
effective tool by some hatchery managers
(Lagler 1939, Parkhurst et al. 1987).
However, in the same survey, wading birds
such as herons and egrets were more
commonly associated with damage, and few

AT FISH

respondents from state and Federal
hatcheries  experienced problems with
cormorants (Parkhurst et al. 1987). In fact,

cormorants were not observed catching fish
in some studies (Parkhurst et al. 1992, Pitt
and Conover 1996). Netting and other types
of exclusion are commonly recommended
for preventing depredations in raceway
settings and facilities with small ponds such
as most hatcheries (Salmon and Conte 1981,
Gorenzel et al. 1994, Littauer et al. 1997).
However, addition of lethal control may
enhance opportunities for hatchery managers
to reinforce non-lethal methods and provide
an additional tool for larger facilities where




exclusion may be more difficult. Research
efforts would help determine any added
benefits of lethal reinforcement, as well as
whether the use of lethal measures at these
facilities is economically justified.
RESEARCH AND POPULATION
MANAGEMENT.

The proposed rule for management
of double-crested cormorants cited the
future need for a regional cormorant
management plan (50 CFR Part 21, Federal
Register Volume 68, March 17, 2003).
Goal-oriented management of a migratory
bird population is a tremendous undertaking
that requires coordination at international,
national, regional and local scales (e.g.,
North American Waterfowl Management
Plan, Environment Canada and USDI 1986).
Flyway-wide management requires
extensive monitoring of populations at
different scales and the response of these
populations to management actions and
environmental factors. In  waterfowl
management, research has provided the
ecological information on which
management decisions are made and
population goals are set. Several reviews
indicate that similar critical data on the life
history of double-crested cormorants are
lacking. Nisbet (1995) commented that the
breeding biology and population ecology of
cormorants are not well understood. Erwin
(1995) recommended large-scale banding
and re-sighting efforts to better estimate
recruitment rates, age-specific survival and
productivity, and other key reproductive
parameters. Professionals participating in a
symposium on cormorant ecology also
considered collecting these productivity data
a top priority (Weseloh and Lewis 1999).

Management decisions and actions
must sometimes be initiated even when
reliable data are non-existent (Dolbeer
1998). Double-crested cormorants are
already managed aggressively on some
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breeding (Bedard et al. 1999), post-breeding
and migratory (Chipman et al. 2000), and
wintering (Glahn et al. 2000a) areas to
alleviate damage. An important role for
researchers therefore 1s to identify,
prioritize, and collect data for understanding
how cormorant populations grow and
respond to management. Basic and applied
research can provide information on
cormorant ecology, which is a prerequisite
for science-based management decisions.
Glahn et al. (2000b) provided an excellent
review of the research needs for population
management. Without the basic knowledge
identified in previous reviews (Nisbet 1995,
Erwin 1995, Weseloh and Lewis 1999), we
cannot accurately predict the effects of
management on cormorant populations nor
attribute observed changes in reproductive
success and population size to management
actions. However, given reliable and
appropriate input data, simulation models
can be used to evaluate and predict the
effectiveness of proposed management
scenarios (Bedard et al. 1999, Blackwell et
al. 2002). Ultimately, research must remain
an active component of the management
process.

LITERATURE CITED

ACORD, B.R. 1995. Cormorant management and
responsibilities: United States Department of
Agriculture. Colonial Waterbirds 18
(Special Publications 1):231-233.

BEDARD, J., A. NADEAU, AND M. LEPAGE. 1999.
Double-crested Cormorant culling in the St.
Lawrence Estuary: results of a S5-year
program. Pages 147-154 in M.E. Tobin,
Technical Coordinator. ~ Symposium on
double-crested cormorants: population status
and management issues in the Midwest.
United States Department of Agriculutre,
Animal and Plant Health Inspection Service
Technical Bulletin 1879. Washington, D.C.,

USA.
BELANT, J.L., L.A. TYSON, AND P.A. MASTRANGELO.
2000. Effects of lethal control at

aquaculture facilities on populations of
piscivorous birds. Wildlife Society Bulletin
28:379-384.




BELYEA, G.Y., S.L. MARUCA, J.S. DIANA, PJ.
SCHNEEBERGER, S.J. SCOTT, R.D. CLARK,
JR., J.P. LUDWIG, AND C.L. SUMMER. 1999.
Impact of  double-crested cormorant
predation on the yellow perch population in
the Les Cheneaux Islands of Michigan.
Pages 47-59 in M.E. Tobin, Technical
Coordinator. Symposium on double-crested
cormorants: population status and
management issues in the Midwest. United
States Department of Agriculture, Animal
and Plant Health Inspection Service
Technical Bulletin 1879. Washington, D.C.,
USA.

BLACKWELL, B.F., M.A. STAPANIAN, AND D.V.
WESELOH. 2002. Dynamics of the double-
crested cormorant population on Lake
Ontario. Wildlife Society Bulletin 30:345-
353,

, R.A. DOLBEER, AND L.A. TYSON. 2000.
Lethal control of piscivorous birds at
aquaculture facilities in the northeast United

States: effects on populations. North
American Journal of Aquaculture 62:300-
307.

BUR, M.T., S.L. TINNIRELLO, C.D. LOVELL, AND J.T.
TYSON. 1999. Diet of the double-crested
cormorant in western Lake Erie. Pages 73-
85 in M.E. Tobin, Technical Coordinator.
Symposium on double-crested cormorants:
population status and management issues in

the Midwest. United States Department of

Agriculture, Animal and Plant Health
Inspection Service Technical Bulletin 1879.
Washington, D.C., USA.

CHIPMAN, R.B., M.E. RICHMAN, J.T. GANSOWSKI,
K.J. PREUSSER, D.L. STANG, J. COLEMAN,
AND D. SLATE. 2000. Bada bang, bada
boom: dispersal of fall migrating cormorants
to protect sportfish on Oneida Lake, New
York. Proceedings of the Wildlife Damage
Management Conference, 9:46.

CRAVEN, S.R., AND E. LEV. 1987. Double-crested
cormorant damage to a commercial fishery
in the Apostle Islands, Wisconsin.
Proceedings of the Eastern Animal Damage
Control Conference 2:14-24.

DESGRANGES, J., AND A. REED. 1981. Disturbance
and control of selected colonies of double-
crested cormorants in Quebec. Colonial
Waterbirds 4:12-19.

DOLBEER, R.A. 1998. Population dynamics: The
foundation of wildlife damage management
for the 21* century. Proceedings of the
Vertebrate Pest Conference 18:2-11.

ENVIRONMENT CANADA AND UNITED STATES

DEPARTMENT OF THE INTERIOR.  1986.
North American Waterfowl Management
Plan.

R.M. 1995. The ecology of cormorants:
some research needs and recommendations.
Colonial Waterbirds 18 (Special publication
1): 240-246.

EWINS, P.J., AND D.V. WESELOH. 1994. Effects on

productivity of shooting of double-crested
cormorants on pigeon island, Lake Ontario,
1993. Journal of Great Lakes Research
20:761-767.

FEDERAL REGISTER. 2003. Department of Interior,

Fish and Wildlife Service. Migratory bird
permits; regulations for double crested
cormorant management. 68:12653-12660.
JE.  2000. Comparison of pyrotechnics
versus shooting for dispersing double-
crested cormorants from their night roosts.
Proceedings of the Vertebrate Pest
Conference 19:44-48.

, AND K.E. BRUGGER. 1995. The impact of

double-crested cormorants on the
Mississippi  delta  catfish  industry: a
bioenergetics model. Colonial Waterbirds
18 (Special Publications 1):168-175.

, P.J. DIXSON, G.A. LITTAUER, AND R.B.

Mccoy. 1995. Food habits of double-
crested cormorants in the delta region of
Mississippi. Colonial Waterbirds 18
(Special Publication 1):158-167.

, AND B.S. DORrr. 2002. Captive double-

crested cormorant Phalacrocorax auritus
predation on channel catfish /Ictalurus
punctatus fingerlings and its influence on
single-batch cropping production. Journal
of the World Aquaculture Society 33:85-93.

,J.B. HARREL, AND C. VYLES. 1998. The diet

of wintering double-crested cormorants
feeding at lakes in the southeastern United
States. Colonial Waterbirds 21:446-452.

, D.S. REINHOLD AND C.A. SLOAN. 2000a.

Recent population trends of double-crested
cormorants wintering in the delta region of
Mississippi: Responses to roost dispersal
and removal under a recent depredation
order. Waterbirds 23:38-44.

, AND A.R. STICKLEY, JR. 1995. Wintering

double-crested cormorants in the delta
region of Mississippi: population levels and
their impact on the catfish industry. Colonial
Waterbirds 18 (Special Publication 1):137-
142.

, M.LE. TOBIN, AND B.F. BLACKWELL. 2000b.
A science-based initiative to manage
double-crested cormorant damage to




southern  aquaculture. USDA  APHIS
Technical Bulletin 11-55-010.

, S.J. WERNER, T. HANSON, AND C.R. ENGLE.
2003. Cormorant depredation losses and
their prevention at catfish farms: economic
considerations. Pages 138-146 in L. Clark,
editor. Human conflicts with wildlife:
economic considerations. Proceedings of the
3 NWRC Special Symposium, Fort
Collins, CO, USA.

GORENZEL, W.P., F.S. CONTE, AND T.P. SALMON.
1994. Bird damage at aquaculture facilities.
Pages ES5-E18 in S.E. Hyngstrom, R.M.
Timm, and G.E. Larson, editors. Prevention
and control of wildlife damage. Cooperative
Extension Service, University of Nebraska,
Lincoln, NE, USA.

HATCH, J.J. 1995. Changing populations of double-
crested cormorants. Colonial Waterbirds 18
(Special Publications 1):8-24.

HESS, K.D. 1994, Eftectiveness of shooting double-

crested cormorants on catfish ponds and

harassment of roosts to protect farm-raised
catfish. M. S. Thesis, Mississippi State

University, Mississippi State, MS, USA.

S., H. BLOKPOEL, AND T. CHIPPERFIELD.

1999. A geographic information system to

monitor nest distributions of Double-crested

cormorants and black-crowned night herons
at shared colony sites near Toronto, Canada.

Pages 121-129 in M.E. Tobin, Technical

Coordinator. Symposium on double-crested

cormorants: population status and

management issues in the Midwest. United

States Department of Agriculture, Animal

JARVIE,

and Plant Health Inspection Service
Technical Bulletin 1879. Washington, D.C.,
USA.

KEITH, JLA. 1995, Management policies for

cormorants in Canada. Colonial Waterbirds
18 (Special Publications 1):234-237.

KORFANTY, C., W.G. MYASAKI, AND J.L. HARCUS.
1999. Review of the population status and
management of double-crested cormorants
in Ontario. Pages 131-145 in M.E. Tobin,
Technical Coordinator.  Symposium on
double-crested cormorants: population status
and management issues in the Midwest.
United States Department of Agriculture,
Animal and Plant Health Inspection Service
Technical Bulletin 1879. Washington, D.C.,
USA.

LAGLER, K.F. 1939. The control of fish predators at
hatcheries and rearing stations. Journal of
Wildlife Management 3:169-179.

LEMMON, C.R., G. BUGBEE, AND G.R. STEPHENS.

93

1994.
crested cormorants in Connecticut.
Connecticut Warbler 14:27-30.

LITTAUER, G.A., J.F. GLAHN, D.S. REINHOLD, AND
M.W. BRUNSON. 1997. Control of bird
predation at aquaculture facilities: strategies
and cost estimates. Southern Regional
Aquaculture Center Publication Number
402.

LubwiG, J.P. 1984. Decline, resurgence and
population dynamics of Michigan and Great
Lakes double-crested cormorants. Jack-Pine
Warbler 62:91-102.

MASTRANGELO, P., C. SLOAN, AND K. BRUCE. 1997.
Incorporating  depredation permits into
integrated damage management plans for
aquaculture facilities. Proceedings of the
Eastern Wildlife Damage Management
Conference 7:36-43.

MortT, D.F., K.J. ANDREWS, AND G.A. LITTAUER.
1992. An evaluation of roost dispersal for
reducing cormorant activity on catfish
ponds. Proceedings of the Eastern Wildlife
Damage Control Conference. 5:205-211.

., AND F.L. BoyD. 1995. A review of
techniques for preventing cormorant
depredations at aquaculture facilities in the
southeastern United States. Colonial
Waterbirds 18 (Special Publication 1): 48-
59.

, AND M.W. BRUNSON. 1997. A historical
perspective of catfish production in the
southeast in relation to avian predation.
Proceedings of the Eastern Wildlife Damage
Management Conference 7:23-30.

_, J.LF. GLAHN, P.L. SMITH, D.S. REINHOLD, K.J.
BRUCE, AND C.A. SLOAN. 1998. An
evaluation of winter roost harassment for
dispersing double-crested cormorants away
from catfish production areas in Mississippi.
Wildlife Society Bulletin 26:584-591.

NISBET, I.C.T. 1995. Biology, conservation, and
management  of  the  double-crested
cormorant: symposium summary and
overview. Colonial Waterbirds 18 (Special
Publications 1):247-252.

PARKHURST, J.A., R.P. BROOKS, AND D.E. ARNOLD.
1987. A survey of wildlife depredation and
control techniques at fish-rearing facilities.
Wildlife Society Bulletin 15:386-394.

. ; . 1992. Assessment of predation
at trout hatcheries in central Pennsylvania.
Wildlife Society Bulletin 20:411-419.

PITT, W.C., AND M.R. CONOVER. 1996. Predation at
intermountain west fish hatcheries. Journal
of Wildlife Management 60:616-624.

Tree damage by nesting double-
The




SALMON, T.P., AND F.S. CONTE.

SHIELDCASTLE,

STICKLEY, A.R. JR.., AND J.O. KING.

TraAPP, J.L., S.J. LEwWIS, AND D.M. PENCE.

WESELOH,

1981. Control of
bird damage at aquaculture facilities. U. S.

Fish and Wildlife Service, Wildlife
Management Leaflet 475.
M.C., AND L. MARTIN. 1999.

Colonial waterbird nesting on west Sister
Island National Wildlife Refuge and the
arrival of double-crested cormorants. Pages
115-119 in  M.E. Tobin, Technical
Coordinator. Symposium on double-crested
cormorants:  population  status  and
management issues in the Midwest. United
States Department of Agriculture, Animal
and Plant Health Inspection Service
Technical Bulletin 1879. Washington, D.C.,
USA. ‘

1995. Long-
term trial of an inflatable effigy scare device
for repelling cormorants from catfish ponds.
Proceedings of the Eastern Wildlife Damage
Control Conference 6:89-92.

, GL. WARRICK AND J.F. GLAHN. 1992.
Impact of double-crested cormorant
depredations on channel catfish farms.

Journal of the World Aquaculture Society
23:192-198.

ToBIN, M.E., D.T. KING, B.S. DORR, S.J. WERNER,

AND D.S. REINHOLD. 2002. Effect of roost
harassment on cormorant movements and
roosting in the delta region of Mississippi.
Waterbirds 25:44-51.

1999.
Double-crested cormorant impacts on sport
fish: literature review, agency survey, and
strategies. Pages 87-96 in M.E. Tobin,
Technical Coordinator. ~ Symposium on
double-crested cormorants: population status
and management issues in the Midwest.
United States Department of Agriculture,
Animal and Plant Health Inspection Service
Technical Bulletin 1879. Washington, D.C.,
USA.

~_,T.J. DWYER, J.J. DOGGETT, AND J.G. NICKUM.

1995.  Management responsibilities and
policies for cormorants: United States Fish
and Wildlife Service. Colonial Waterbirds
18 (Special Publications 1):226-230.

TUCKER, C.S., AND E.H. ROBINSON. 1990. Channel

catfish farming handbook.
Hall Publishing, NY, USA.

Chapman and

DV, AND P.J. EWINS. 1994.
Characteristics of a rapidly increasing
colony of double-crested cormorants in Lake
Ontario: population size, reproductive

parameters, and band recoveries. Journal of
Great Lakes Research 20:443-456.

94

, J. STRUGER, P. MINEAU, C.A. BISHOP,

S. POSTUPALSKY, AND J.P. LUDWIG. 1995.
Double-crested cormorants of the Great
Lakes: changes in population size, breeding
distribution and reproductive output between
1913 and 1991. Colonial Waterbirds 18
(Special Publication 1): 48-59.

L ANDS.J.LEWIS. 1999. Information needs for

the double-crested cormorant in mid-western
North America, as identified by an audience
survey. Pages 157-162 in M.E. Tobin,
Technical Coordinator. ~ Symposium on
double-crested cormorants: population status
and management issues in the Midwest.
United States Department of Agriculture,
Animal and Plant Health Inspection Service
Technical Bulletin 1879. Washington, D.C.,
USA.






