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lings (Wald x2; = 11.37, P = 0.0007) and in our
analysis that treated ducklings in the same
brood as if they were independent (Wald x2; =
25.54, P < 0.0001). However, these models did
not fit the observed data well (Hosmer and Le-
meshow goodness-of-fit statistic = 41.55, 8 df,
P < 0.0001), primarily because observed growth
ratios of ducklings that died early (in the first 3
days of life) were much higher than predicted
by our logistic regression model (Fig. 3). There-
fore, we repeated our analysis and excluded the
4 ducklings that died within 3 days posthatch
(see explanation in Discussion). We again found
that survival was positively related to growth ra-
tio in analyses that controlled for potential in-
trabrood correlation (Wald x%2, = 3140, P <
0.001) and in analyses that treated ducklings as
independent (Wald x2, = 26.29, P < 0.001).
Intrabrood correlation in survival was 0.029, a
value sufficiently close to zero to justify treating
fates of ducklings in the same brood as inde-
pendent. These models fit our data (Hosmer
and Lemeshow goodness-of-fit statistic = 7.25,
7 df, P = 0.40). Our final fitted equation was

¢ ~6.6983+18.3853(Growth ratio)
P(Surv) =

1+ e—6.6983+18.3853(Gr0wth ratio) >

where P(Surv) is the probability that a mallard
duckling will survive the entire period from 3
to 17 days of age (Fig. 3).

DISCUSSION
Duckling Growth

Most earlier studies of relations between nu-
trition and growth of ducklings in natural or
seminatural settings were anecdotal or charac-
terized by small sample sizes, lack of replica-
tion, or other difficulties associated with con-
trolling and measuring important variables un-
der field conditions. Thus, although previous
studies were important for generating, and in
some cases testing, hypotheses about nutritional
effects on growth, they have not allowed for the
estimation of parameters relating invertebrate
density to growth. Our finding that duckling
growth was positively related to invertebrate
density is consistent with results of previous re-
search. For example, Street (1978) reported
higher growth rates for mallard ducklings fed
greater amounts of insect larvae, and Hunter et
al. (1984) reported that ducklings from a mixed
brood of mallards and American black ducks
(Anas rubripes) on a pesticide-treated wetland
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Fig. 3. Probability of survival for mallard ducklings from 3
through 17 days of age (Y-axis) reared on experimental wet-
lands in North Dakota, 1993-95, in relation to growth ratio (X-
axis). Actual growth ratios of ducklings that lived (probability
of survival = 1) and died (probability of survival = 0) during
the experiment are denoted by symbols (plus signs or open
circles). Ducklings that died when they were =3 days of age
(open circles) were excluded from analysis. Solid line denotes
probability function from logistic regression.

grew slower than those in a similar brood on an
unsprayed wetland. Pehrsson and Nystrom
(1988) suggested that low growth rates of old-
squaw (Clangula hyemalis) ducklings were as-
sociated with high intraspecific competition for
fairy shrimp (Polyartemia forcipata). McCarthy
(1995) attributed low growth and survival rates
of mallard ducklings on pesticide-treated wet-
lands to chronic effects of decreased inverte-
brate abundance. Other authors have attempted
to relate invertebrate density directly to duck-
ling survival. For example, Bengtson (1972) at-
tributed high duckling mortality in 1 year of a
long-term study to a shortage of midges (Chi-
ronomidae), and Hill et al. (1987) reported that
mallard ducklings feeding in lakes with high
densities of fish (and low densities of aquatic
invertebrates) survived at lower rates than those
feeding in riverine habitats with low densities of
fish. Brood sizes of tufted ducks (Aythya fuli-
gula) appeared to increase following removal of
fish from wetlands where ducklings were for-
aging (Giles 1994).

Our analyses indicated that mallard duckling
growth was greater as numbers, but not bio-
mass, of invertebrates increased. Large differ-
ences in numbers of invertebrates among wet-
lands mainly reflected variation in small but nu-
merous taxa such as water fleas (Cladocera), co-
pepods (Copepoda), and seed shrimp (Ostracoda)
(Roy 1995). Large differences in biomass
among wetlands mainly reflected variation in
relatively heavy food items, particularly snails
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Fig. 4. Body mass at hatch (diamonds), on the day of death
(circles plotted on days 1-14), and at the end of the experi-
ment (circles plotted on day 17) for mallard ducklings reared
on experimental wetlands in North Dakota, 1993-95. The
curved line is the growth curve fitted to wild mallard ducklings
(Lokemoen et al. 1990) with 4-parameter Richards’ (1959)
curve modified by Sugden et al. (1981). Note that body mass-
es of ducklings that died on days 1-3 are closer to the fitted
growth curve than those of ducklings that died later in the ex-
periment.

(Gastropoda; M. A. Hanson, unpublished data).
Our finding that number of invertebrates was a
better predictor of duckling growth than inver-
tebrate biomass suggests that ducklings did not
assess the relative value of food items and for-
aged primarily on foods that were most numer-
ous. The benthic habits and large size of many
snails in our wetlands may have decreased at-
tractiveness of these food items to ducklings in
our study. However, foraging inefficiency of
newly hatched ducklings, differential capture
rates among various invertebrate taxa by our ac-
tivity traps, or temporal variation in invertebrate
biomass that we failed to measure by sampling
invertebrates on a single day also may have lim-
ited our ability to detect biomass effects.

Few ducklings in our experiment grew as rap-
idly as wild mallard ducklings on which our
growth curve was based (Fig. 4). The mean
growth ratio of surviving ducklings was 0.69 and
the median was 0.65, which contrasts to a ratio
of 1.0, had surviving ducklings gained body
mass at the same rate as wild mallard ducklings.
Reduced growth is expected given that we
stocked half the study wetlands with high den-
sities of fathead minnows, which are known to
suppress aquatic invertebrate populations (Han-
son and Riggs 1995). Confinement of ducklings
to a single wetland also created an unnatural
situation because females could not move
broods to better foraging sites, as they might in
the wild. Therefore, we believe that our exper-
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iment represents a “worst-case” scenario, but
one that might simulate a situation in which
large-scale treatments such as pesticide appli-
cations or fish introductions dramatically reduce
invertebrate populations in wetlands over a
brood’s entire range.

Effects of Air Temperature.—We found that
variance in the daily minimum air temperature
was a significant predictor of growth in mallard
ducklings, but that mean daily minimum air
temperature and number of days <10°C were
not. The mean daily minimum air temperature
for broods ranged from 11.2 to 16.6°C. The
number of brood exposure days with minimum
air temperatures <10°C was =2 during 1994
and 1995, and ranged from 4 to 6 during 1993.
Although temperature effects on ducklings are
not well understood, our failure to detect rela-
tions between growth and mean daily minimum
air temperature or number of days <10°C may
indicate that limiting temperature thresholds
were never reached.

Variable minimum temperatures may have
disrupted invertebrate activity rhythms, and
spatial or temporal variation in the location of
invertebrates between warm and cold condi-
tions may have prevented ducklings from locat-
ing and using them as a dependable food sup-
ply. For example, midges probably are most
available to feeding waterfowl as they emerge
on the surface of open water when conditions
are warm and calm. However, adult midges be-
come inactive when air temperatures are <8-
11°C (Gibson 1945, Syrjimiki 1964). Conse-
quently, midges are most available as adults in
emergent vegetation when conditions are cool
and windy (Swanson and Sargeant 1972, Danell
and Sjoberg 1982). Diel emergence patterns of
midges, other dipterans, and dragonflies (Odo-
nata) also may differ markedly in relation to air
and water temperatures (Williams 1961, Swan-
son and Sargeant 1972, Trottier 1973, Kureck
1979). Swanson (1977) reported that water fleas
were highly available to feeding waterfowl only
on warm summer nights when low oxygen con-
ditions forced them to the water surface. There-
fore, when daily minimum air temperatures are
highly variable, daily availability of invertebrate
foods may fluctuate greatly and contribute to

poor growth of ducklings.

Duckling Survival

We found that survival of mallard ducklings
was positively related to growth (as measured
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by growth ratio), which is consistent with sug-
gestions from previous research. Street (1977)
suggested that rapidly growing ducklings with
diets high in invertebrates could withstand un-
favorable weather much better than those grow-
ing more slowly. Brown and Hunter (1984/85)
used growth rates reported for a single mixed
brood of mallards and American black ducks
and estimated that a 37% decrease in growth
rate of mallard ducklings (causing the typical
day-14 body mass to be attained on day 19)
would increase their mortality rate in the first 2
weeks from 39 to 54%. Survival of mallard
ducklings in our study was particularly sensitive
to growth ratios <0.6. However, our ducklings
were not exposed to predation. If predators
such as mink (Mustela vison) and gulls (Larus
spp.) selectively prey on the most vulnerable
ducklings (Sargeant et al. 1973, Swennen 1989),
then a positive relation between growth and
survival may be sustained or even enhanced in
wild situations where predation is an important
source of mortality.

Our model relating duckling survival to
growth ratio did not fit our data when we in-
cluded ducklings that were =3 days of age, sug-
gesting that duckling mortality in the first 3 days
was not related to growth. Food resources may
not be critical to ducklings immediately after
hatch because they can use lipids in residual
yolk and body tissues through 4 days of age (Se-
dinger 1992). Ducklings also can survive for
several days without food (Kear 1965, Krapu
1974, Duncan 1988, Sedinger 1992). For ex-
ample, northern pintail (Anas acuta) ducklings
deprived of food for 72 hr lost only 3.7 g
(12.5%) of body mass (Duncan 1988). Mean
daily increase in body mass (i.e., growth rate) of
mallard ducklings is low during the first days of
life but increases each day until the point of
maximum growth rate is reached at 17-26 days
of age for captive mallards (Sugden et al. 1981,
Rhymer 1982), or 32-38 days for wild mallards
(Lokemoen et al. 1990, and refitting our 4-pa-
rameter growth curve to their data). Thus, it is
not surprising that growth ratios of ducklings
that died early in our experiment were high.
Lack of model fit caused by our including in
analyses ducklings that died early in our exper-
iment may indicate that growth is an important
predictor of survival only after ducklings are =3
days old, at least in the absence of predation.
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MANAGEMENT IMPLICATIONS

Our study provides parameter estimates for
associations among invertebrate densities and
other factors related to duckling growth and
survival that are essential for modeling recruit-
ment rates of mallards. We plan to incorporate
predictive equations developed in this study
into the mallard productivity model (Johnson et
al. 1987) to increase its accuracy in predicting
recruitment. We emphasize that our parameter
estimates should not be extended beyond the
range of explanatory variables recorded in our
study because these relations may become as-
ymptotic as invertebrates, for example, become
numerous beyond the point where maximum
growth of ducklings is reached, or as inverte-
brates become limited beyond the point at
which ducklings cannot maintain body mass.
Data from activity traps are easily obtained, and
thus might serve as a convenient tool for wet-
land managers in need of methods that allow
rapid assessment of wetland habitat suitability
for ducklings. Sampling effort (in time or space)
should be increased in correspondence to vari-
ability of invertebrate numbers.

Our study supports earlier recommendations
that wetlands containing high densities of in-
vertebrates should be conserved throughout the
Prairie Pothole Region and in other areas of wa-
terfowl production. Seasonal wetlands in the
Prairie Pothole Region should receive particular
attention because these wetlands are (1) highly
productive (Swanson and Duebbert 1989), (2)
used as brood-rearing habitats during wet years
(Talent et al. 1982), and (3) more susceptible to
drainage than more permanent wetlands. Our
results indicate that growth and survival of mal-
lard ducklings, and probably other species of
juvenile ducks, could be reduced if activities
such as chemical application, fish introduction,
and tillage or drainage of wetland basins de-
crease invertebrate abundance over large areas.

ACKNOWLEDGMENTS

We thank G. A. Swanson for encouragement
and advice on numerous aspects of our study,
D. A. Wrubleski for discussion and literature on
weather-related variation in aquatic invertebrate
activity rhythms, and M. R. Riggs for help with
the logistic regression analysis. J. T. Lokemoen
provided access to data on body mass of wild
mallard ducklings. M. L. Holt, F. J. Ossman, G.
and B. Reed, M. Slivinski, and K. D. Zimmer



132

cared for experimental ducks and provided ex-
tensive logistical support. The Environmental
Protection Agency, Mid-Continent Ecology Di-
vision, Duluth, Minnesota, provided partial sup-
port for analysis and manuscript preparation. J.
E. Austin, G. A. Baldassarre, R. T. Eberhardt,
D. W. Howerter, R. E. Kirby, S. J. Maxson, D.
P. Rave, M. R. Riggs, R. F. Rockwell, L. C. M.
Ross, J. J. Rotella, T. L. Shaffer, M. C. Zicus,
and 2 anonymous reviewers commented on ear-
lier drafts of the manuscript.

LITERATURE CITED

AFTON, A. D., AND C. D. ANKNEY. 1991. Nutrient-
reserve dynamics of breeding lesser scaup: a test
of competing hypotheses. Condor 93:89-97.

ANKNEY, C. D., AND A. D. AFTON. 1988. Bioener-
getics of breeding northern shovelers: diet, nu-
trient reserves, clutch size, and incubation. Con-
dor 90:459-472.

BELLROSE, F. C. 1976. Ducks, geese and swans of
North America. Stackpole Books, Harrisburg,
Pennsylvania, USA.

BENGTSON, S. 1972. Reproduction and fluctuations
in the size of duck populations at Lake Myvatn,
Iceland. Oikos 23:35-58.

BIELER, G. S., AND R. L. WiLLIAMS. 1995. Cluster
sampling techniques in quantal response teratol-
ogy and developmental toxicity studies. Biomet-
rics 51:764-776.

BRINKMAN, M. A., AND W. G. DUFFY. 1996. Evalu-
ation of four wetland aquatic invertebrate sam-
plers and four sample sorting methods. Journal of
Freshwater Ecology 11:193-200.

BROWN, P. W, AND M. L. HUNTER, JR. 1984/85. Po-
tential effects of insecticides on the survival of
dabbling duck broods. Journal of the Minnesota
Academy of Science 50:41-45.

CHURA, N. J. 1961. Food availability and preferences
of juvenile mallards. Transactions of the North
American Wildlife and Natural Resources Con-
ference 26:121-134.

COWARDIN, L. M., D. S. GILMER, AND C. W. SHAIF-
FER. 1985. Mallard recruitment in the agricul-
tural environment of North Dakota. Wildlife
Monographs 92.

DANELL, K., AND K. SJOBERG. 1982. Seasonal and
diel changes in the feeding behaviour of some
dabbling duck species on a breeding lake in
northern Sweden. Ornis Scandinavica 13:129—
134.

DuncaN, D. C. 1988. Body reserves of neonate
northern pintails (Anas acuta). Canadian Journal
of Zoology 66:811-816.

EuLiss, N. H., JR., AND G. GRODHAUS. 1987. Man-
agement of midges and other invertebrates for
waterfowl wintering in California. California Fish
and Game 73:238-243.

GIBsON, N. H. E. 1945. On the mating swarms of
certain Chironomidae (Diptera). Transactions of
the Royal Entomological Society of London 95:
263-294.

GILES, N. 1994. Tufted duck (Aythya fuligula) hab-

DUCKLING GROWTH AND SURVIVAL * Cox et al.

J. Wildl. Manage. 62(1):1998

itat use and brood survival increases after fish re-
moval from gravel pit lakes. Hydrobiologia 279/
280:387-392.

HANSON, M. A., AND M. R. RIGGs. 1995. Potential
effects of fish predation on wetland invertebrates:
a comparison of wetlands with and without fat-
head minnows. Wetlands 15:167-175.

, C. Roy, AND K. ZIMMER. 1995. Bait fish ef-
fects on wetland invertebrate communities and
mallard ducklings—preliminary results and con-
clusions. Pages 167-196 in B. Joselyn, editor.
Summaries of wildlife research findings 1995.
Minnesota Department of Natural Resources,
Section of Wildlife, St. Paul, Minnesota, USA.

HELD, |. W, AND J. J. PETERKA. 1974. Age, growth,
and food habits of the fathead minnow (Pime-
phales promelas) in saline lakes. Transactions of
the American Fisheries Society 103:743-756.

HiLL, D., R. WRIGHT, AND M. STREET. 1987. Sur-
vival of mallard ducklings Anas platyrhynchos
and competition with fish for invertebrates on a
flooded gravel quarry in England. Ibis 129:159-
167.

HOSMER, D. W,, JR., AND S. LEMESHOW. 1989. Ap-
plied logistic regression. John Wiley & Sons, New
York, New York, USA.

HUNTER, M. L, JR., J. W. WITHAM, AND H. Dow.
1984. Effects of carbaryl-induced depression in
invertebrate abundance on the growth and be-
havior of American black duck and mallard duck-
lings. Canadian Journal of Zoology 62:452-456.

Jounson, D. H., J. D. NICHOLS, AND M. D.
SCHWARTZ. 1992. Population dynamics of breed-
ing waterfowl. Pages 446485 in B. D. J. Batt, A.
D. Afton, M. G. Anderson, C. D. Ankney, D. H.
Johnson, J. A. Kadlec, and G. L. Krapu, editors.
Ecology and management of breeding waterfowl.
University of Minnesota Press, Minneapolis, Min-
nesota, USA.

, D. W. SPARLING, AND L. M. COWARDIN.
1987. A model of the productivity of the mallard
duck. Ecological Modelling 38:257-275.

KAPLAN, E. L., AND P. MEIER. 1958. Nonparametric
estimation from incomplete observations. Journal
of the American Statistical Association 53:457—
481.

KEAR, ]. 1965. The internal food reserves of hatching
mallard ducklings. Journal of Wildlife Manage-
ment 29:523-528.

KORSCHGEN, C. E,, K. P. KENow, W. L. GREEN, D.
H. JoHNSON, M. D. SAMUEL, AND L. SILEO.
1996. Survival of radiomarked canvasback duck-
lings in northwestern Minnesota. Journal of Wild-
life Management 60:120-132.

KRrAPU, G. L. 1974. Feeding ecology of pintail hens
during reproduction. Auk 91:278-290.

KURECK, A. 1979. Two circadian eclosion times in
Chironomus thummi (Diptera), alternately se-
lected with different temperatures. Oecologia 40:
311-323.

LOKEMOEN, J. T., D. H. JOHNSON, AND D. E. SHARP.
1990. Weights of wild mallard Anas platyrhyn-
chos, gadwall A. strepera, and blue-winged teal
A. discors during the breeding season. Wildfowl
41:122-130.

MCCARTHY, W. F. 1995. Direct and indirect effects




J. Wildl. Manage. 62(1):1998

of esfenvalerate on wetland biota. Thesis, Uni-
versity of Minnesota, Minneapolis, Minnesota,
USA.

ORTHMEYER, D. L., AND I J. BALL. 1990. Survival
of mallard broods on Benton Lake National Wild-
life Refuge in northcentral Montana. Journal of
Wildlife Management 54:62-66.

PEHRSSON, O., AND K. G. K. NYSTROM. 1988.
Growth and movements of oldsquaw ducklings in
relation to food. Journal of Wildlife Management
52:185-191.

PERRET, N. G. 1962. The spring and summer foods
of the common mallard (Anas platyrhynchos
platyrhynchos L.) in south central Manitoba.
Thesis, University of British Columbia, Vancou-
ver, British Columbia, Canada.

RHYMER, ]. M. 1982. Effect of egg weight and re-
nesting on thermoregulatory ability and growth of
mallard ducklings. Thesis, University of Manito-
ba, Winnipeg, Manitoba, Canada.

RICHARDS, F. J. 1959. A flexible growth function for
empirical use. Journal of Experimental Botany
10:290-300.

ROTELLA, J. J., AND J. T. RATTI. 1992. Mallard brood
survival and wetland habitat conditions in south-
western Manitoba. Journal of Wildlife Manage-
ment 56:499-507.

Roy, C. C. 1995. Impact of fathead minnows on in-
vertebrate communities and mallard ducklings in
experimental wetlands. Thesis, North Dakota
State University, Fargo, North Dakota, USA.

SARGEANT, A. B., G. A. SWANSON, AND H. A. DoTY.
1973. Selective predation by mink, Mustela vi-
son, on waterfowl. American Midland Naturalist
89:208-214.

SAS INSTITUTE. 1990. SAS/STAT user’s guide. Ver-
sion 6. SAS Institute, Cary, North Carolina, USA.

. 1996. SAS/STAT software: changes and en-
hancements through release 6.11. SAS Institute,
Cary, North Carolina, USA.

SEDINGER, J. S. 1992. Ecology of prefledging water-
fowl. Pages 109-127 in B. D. J. Batt, A. D. Afton,
M. G. Anderson, C. D. Ankney, D. H. Johnson,
J. A. Kadlec, and G. L. Krapu, editors. Ecology
and management of breeding waterfowl. Univer-
sity of Minnesota Press, Minneapolis, Minnesota,
USA.

SHAH, B. V,, B. G. BARNWELL, AND G. S. BIELER.
1996. SUDAAN users manual, release 7.0. Re-
search Triangle Institute, Research Triangle Park,
North Carolina, USA.

STEWART, R. E., AND H. A. KANTRUD. 1971. Clas-
sification of natural ponds and lakes in the glaci-

DUCKLING GROWTH AND SURVIVAL * Cox et al.

133

ated prairie region. U.S. Fish and Wildlife Service
Resource Publication 92.

STREET, M. 1977. The food of mallard ducklings in
a wet gravel quarry, and its relation to duckling
survival. Wildfowl 28:113-125.

. 1978. The role of insects in the diet of mal-
lard ducklings—an experimental approach. Wild-
fowl 29:93-100.

SUGDEN, L. G. 1973. Feeding ecology of pintail, gad-
wall, American widgeon, and lesser scaup duck-
lings. Canadian Wildlife Service Report Series 24.

., E. A. DRIVER, AND M. C. S. KINGSLEY.
1981. Growth and energy consumption by cap-
tive mallards. Canadian Journal of Zoology 59:
1567-1570.

SWANSON, G. A. 1977. Diel food selection by Anat-
inae on a waste-stabilization system. Journal of
Wildlife Management 41:226-231.

1978. Funnel trap for collecting littoral

aquatic invertebrates. Progressive Fish-Culturist

40:73.

, AND H. F. DUEBBERT. 1989. Wetland habi-

tats of waterfowl in the Prairie Pothole Region.

Pages 228-267 in A. Van Der Valk, editor. North-

ern prairie wetlands. Iowa State University Press,

Ames, Iowa, USA.

, AND A. B. SARGEANT. 1972. Observation of
nighttime feeding behavior of ducks. Journal of
Wildlife Management 36:959-961.

SWENNEN, C. 1989. Gull predation upon eider So-
materia mollissima ducklings: destruction or elim-
ination of the unfit? Ardea 77:21-45.

SYRJAMAKI, |. 1964. Swarming and mating behaviour
of Allochironomus crassiforceps Kieff. (Dipt.,
Chironomidae). Annales Zoologici Fennici 1:125-
145.

TALENT, L. G., R. L. JARVIS, AND G. L. KrRAPU. 1983.
Survival of mallard broods in south-central North
Dakota. Condor 85:74-78.

, G. L. KRAPU, AND R. L. JaRvis. 1982. Hab-
itat use by mallard broods in south central North
Dakota. Journal of Wildlife Management 46:629—
635.

TROTTIER, R. 1973. Influence of temperature and
humidity on the emergence behaviour of Anax
junius (Odonata: Aeshnidae). Canadian Entomol-
ogist 105:975-984.

WILLIAMS, C. B. 1961. Studies in the effect of weath-
er conditions on the activity and abundance of
insect populations. Philosophical Transactions of
the Royal Society of London Series B 244:331-
378.

Received 27 January 1997.
Accepted 16 May 1997.
Associate Editor: Rockwell.






