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Duck nests and predators: interaction, specialisation and possible 
management
Otars Opermanis, Aivars Mednis & Ilm&amacron;rs Bauga

Opermanis, O., Mednis, A. & Bauga, I. 2001: Duck nests and predators: 
interaction, specialisation and possible management. - Wildl. Biol. 7: 87-96.

Low hatching success due to nest depredation has frequently been reported from 
waterfowl breeding sites, but current knowledge on relationships between 
duck nests and their predators, which should form a basis for successful man­
agement, remains incomplete. We used a 13-year data set to test whether spe­
cific predator species are more successful in finding certain types of natural 
duck nests and whether there are interspecific differences in nest characteris­
tics. Multinomial logistic regression allowed simultaneous evaluation of the 
effects of different factors, including their interactions. Significant predictors 
of duck nest fate were the presence of water edge and 3-way interaction 
among presence of gull colonies, island type and clutch initiation date. Significant 
predictors of nest site use by duck species were: 3-way interaction among pres­
ence of gull colonies, island type and clutch initiation date, 3-way interaction 
among presence of gull colonies, island type and presence of water edge and 
2-way interaction between presence of water edge and clutch initiation date. 
The above interactions led to certain associations between duck species and 
predator species. Corvids (hooded crow Corvus corone cornix and raven 
Corvus corax) were responsible for depredating more mallard Anas platyrhyn- 
chos nests, but fewer common pochard Aythya ferina and tufted duck Aythya 
fuligula nests than expected. American mink Mustela vison was responsible 
for destroying more small Anas species (northern shoveler Anas clypeata, gar- 
ganey Anas querquedula and gadwall Anas strepera) and tufted duck nests, but 
fewer mallard nests than expected. Marsh harrier Circus aeruginosus was 
apparently a generalist predator since we were not able to detect significant asso­
ciations between this predator and nests of any specific duck species. We be­
lieve that examination of interactions between different factors affecting the 
probability that nests will be either successful or depredated by certain preda­
tor species may help waterfowl managers increase management success.

Key words: duck nests, habitat use, management, predators, predator identifi­
cation, predator-prey relationships
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Due to high nest predation rates, waterfowl managers 
very often need to know which predator species is re­
sponsible for nest depredations in order to develop 
strategies to reduce predation (Pasitschniak-Arts, Clark 
& M essier 1998, Sargeant, Sovada & G reenwood

1998, Lariviere 1999). Effective management should 
be based on sound knowledge about factors potential­
ly affecting nest success (van der Lee, Lutz, Hansen & 
Mathews 1999) and especially on predator behaviour 
and specialisation, but most waterfowl nesting studies
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focus on nest predation rates rather than on the preda­
tors themselves.

Different predators use different search tactics (Martin 
1987). For example, carrion crows C o i t u s  corone coro­
ne may search extensively around previously discovered 
prey (Tinbergen, Impekoven & Franck 1967). Striped 
skunks Mephitis mephitis may apply different strategies 
(sit-and-wait and widely searching) in different habitats 
(Crabtree, Broome & Wolfe 1989). In other circum­
stances, predator movements may be random and nests 
discovered by chance (Clark & Nudds 1991, Lloyd, Pla­
ganyi, Lepage, Little & Crowe 2000). These different 
search tactics most likely lead to certain nest types 
being found more frequently than other nest types.

Therefore, bird species whose nests are subject to pre­
dation may be assumed to develop their own strategies 
to minimise predation (e.g. Martin 1993). Many bird 
species choose nest sites which are characterised by a 
number of physical, social and other parameters (Cody 
1985, M artin 1995). However, in many places, the 
local predator community is so diverse that bird species 
cannot safeguard their nests equally against all types of 
predators (Brua 1999). Thus, nests of different duck spe­
cies likely suffer predation by a certain type (or types) 
of predator.

Current knowledge of these predator-prey relationships 
is incomplete (Johnson, Sargeant & Greenwood 1989, 
van der Lee et al. 1999). Except for widely accepted dif­
ferences between avian and mammalian predators with 
respect to the importance of nest concealment (Clark & 
Nudds 1991, Pasitschniak-Arts & Messier 1995, Butler 
& Rotella 1998), and several detailed studies o f a sin­
gle predominant predator (e.g. Crabtree et al. 1989, 
Fleskes & Klaas 1993), no assessment has been made 
regarding the role of individual predators in a preda­
tor community. In many studies, predation and preda­
tors are considered as a rather anonymous force; typ­
ically the objective of these studies was either to esti­
mate hatching success or to reveal the differences be­
tween characteristics of successful and depredated nests 
(Hill 1984, Crabtree et al. 1989, Clark & Wobeser 
1997, Guyn & Clark 1997, Pasitschniak-Arts et al. 
1998, Brua 1999). Another approach offered by Johnson 
et al. (1989) compared activity indices of different pre­
dators with daily nest predation rates of duck nests for 
the same time periods; using this approach they suc­
ceeded in identifying the most important predators of 
early and late duck nests in the Canadian Prairie Pothole 
Region.

In our study, we focused on the interactions between 
three different predator species, both mammalian and 
avian, and natural duck nests. Our aim was to test: 1)

whether duck species are specialised in nest site use, i.e. 
does nest type differ among duck species; 2) whether 
predators are specialised, i.e. are there any associa­
tions between predators and nest type, and therefore, 3) 
whether certain predators are associated with the nests 
o f specific duck species.

Methods

Study area and nest counts
We used data from a long-term duck population study 
(1985 to 1997) at Lake Engure, Latvia (57°15'N, 
23°07'E ), a eutrophic wetland encompassing 3,500 ha, 
of which ca 40% is covered by emergent vegetation. 
Ducks typically bred on solid islands and on floating mats 
of emergent vegetation. Island vegetation was dominated 
by grasses of the order Poaceae, occasionally inter­
spersed with reeds Phragmites communis and shrubs. 
Water edges around the islands were mostly covered 
with sedges Carex spp. Floating mats consisted of cat­
tails Typha spp. and reeds, occasionally surrounded by 
bulrush Scirpus spp.

Duck nests were found during 2-3 complete nest 
censuses performed in mid-M ay and early and late 
June, on permanent plots covering ca 130 ha. Additional 
efforts were made during each season to locate new nests 
by flushing females and watching lone birds of both 
sexes. Any scrape containing at least two eggs was con­
sidered a nest. Nest count methods have been described 
in detail by Blums, Bauga, Leja & Mednis (1993). All 
nests were monitored until hatching, depredation or 
abandonment.

Identification of predator types
The identification of predators was based on detailed 
examination of eggshells (if present), nest material dis­
location and additional signs found in and around the 
nest. Typical evidence left by the three most common 
predators marsh harrier Circus aeruginosus, corvids 
and American mink Mustela vison is summarised in 
Table 1. O ther nest predators included racoon dog 
Nyctereutes procyonoides, red fox Vulpes vulpes, stoat 
M ustela erminea, wild boar Sus scrofa, rats Rattus 
spp., goshawk Accipiter gentilis, eagle owl Bubo bubo, 
common gull Larus canus and herring gull Larus argen­
tatus, but these species were rarely responsible for 
depredation of duck nests or rarely took females from 
the nests. Given the minimum sample size require­
ments, nest predation by any of these predators were 
excluded from our analyses, which thus only included 
predation events by marsh harrier (hereafter referred to
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Table 1. Cues used to determine predators of destroyed nests at Lake Engure, Latvia.

as 'harrier'), corvids and American mink (hereafter 
referred to as 'mink'). The fourth predator category used 
in our analyses was 'unknown', to which we assigned all 
unclear cases, mostly caused by multi-predator visits or 
a long time period since the depredation event.

The method of predator identification based on the 
remains from depredated nests has been criticised (see 
review by Lariviere 1999), but is still widely used be­
cause all alternatives suggested to date (e.g. time-lapse 
cameras, hair-catchers, ceramic and wax-filled eggs) 
are either expensive or of limited use (Yahner & De­
Long 1992, Pasitschniak-Arts & Messier 1995, Brown, 
Moller, Innes & Jansen 1998). The difficulties in preda­
tor identification are linked to the high variability of evi­
dence left by individuals of one predator species and 
close similarity to evidence left by individuals of differ­
ent predator species (Sargeant et al. 1998). We realise 
that in our study the signs left by predators may have 
been subjectively interpreted to some extent. However, 
there are three reasons why we believe that misinter­
pretations were reduced to a minimum: 1) in unclear 
cases, we did not hesitate to record the predator as 'un­
known' and we specifically included this category in sub­
sequent analyses (details below); 2) the three most 
common predators occurring at the lake left different cues 
(see Table 1), thus making it relatively easy to distin­
guish between them; 3) duck population studies at 
Lake Engure have been ongoing since 1958, so the 
field personnel have accumulated considerable expe­
rience in distinguishing between predator species. Their 
experience arises from the offering of duck eggs to

captive predators and from the numerous cases when 
various predators were disturbed during duck nest pre­
dation in the field, thus allowing immediate examina­
tion of nest remains. Note that the characteristics out­
lined in Table 1 are very close to those reported from 
North American studies (Sargeant et al. 1998), comparing 
mink from both continents and American crows Corvus 
brachyrhynchos with corvids. Our study was based 
exclusively on natural duck nests, as results based on 
experiments with simulated nests may be biased (Guyn 
& Clark 1997, Butler & Rotella 1998).

Variables
Each nest record consisted o f six categorical variables. 
The first variable was duck species (SPEC), which had 
four categories: tufted duck Aythya fuligula, common 
pochard Aythya ferin a , mallard Anas platyrhynchos 
and 'small dabbling ducks'. Due to insufficient sample 
size, nests o f northern shoveler Anas clypeata, gar- 
ganey Anas querquedula and gadwall Anas strepera were 
pooled in a single category, because nests of these spe­
cies have several similarities: they are generally well con­
cealed, contain small but numerous eggs and females 
stay on the nest until the very last moment when ap­
proached by humans. This category is referred to as 'small 
Anas ducks'.

The second variable was nest fate (FATE) with suc­
cessful nest category and four predator categories: har­
rier, corvids, mink and 'unknown'. All these five cate­
gories were included in the main analyses (see Rangen, 
Clark & Hobson 1999 for a similar approach).
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The third variable was nest position in relation to gull 
colonies (COLO), with two categories: inside and out­
side. The most common gulls in the area were black­
headed gull Larus ridibundus and little gull Larus m i­
nutus', the common tern Sterna hirundo also occurs 
frequently in the area. As the activity of gulls extend­
ed beyond colonies, nests within 30 m of colonies were 
also recorded as being situated inside colonies.

The fourth variable was nest position in relation to 
water edge (WATE), with two categories: &le;2 m from 
water (further referred as 'edge') and >2 m from the water.

The fifth variable was nest substrate or type of island 
(ISLE), with two categories: solid islands and mats of 
em ergent vegetation.

The sixth variable was nest initiation date (EMIT), with 
two categories: before and after the yearly 50% quan­
tile, referred to as 'early' and 'late' nests, respectively. 
Clutch initiation date was estimated by back-dating 
based on the total number of eggs in the nest and the 
stage of incubation. Nest initiation dates were standard­
ised to control for annual variation by expressing them 
as deviations from the yearly 50% quantile o f all nests 
found (see Blums, Mednis & Clark 1997 for a similar 
approach).

Data analysis
We used a simple two-way contingency table and X2 - 
tests to initially assess possible associations between spe­
cies and predators of depredated duck nests. Differences 
between the observed and expected frequencies were 
standardised so that they approximately followed a 
standard normal distribution (Andersen 1997). These val­
ues (i.e. standardised residuals) were further used to 
evaluate the strength and direction of associations be­
tween variable categories.

We used multinomial logistic regression analysis to 
test for interspecific differences (SPEC; dependent 
variable) in nest site use by ducks with respect to ISLE, 
COLO, WATE and INIT, and to test whether nest fate 
(FATE; dependent variable) was associated with ISLE, 
COLO, WATE and INIT. The advantage of this method 
was that it allowed simultaneous evaluation of the 
effects o f explanatory variables, including their inter­
actions. We checked for all possible main, two and 
three-way effects. The final models were obtained by 
stepwise removal of non-significant terms, until only sig­
nificant predictors (P < 0.05) remained. Model inter­
pretation was done through odds ratios that were cal­
culated for pairwise comparisons between two cate­
gories of response variable for cases in which the val­
ue of some explanatory variable was changed from one 
category to another. The odds ratio ranged within 0-&sim;.

With an odds ratio of 1 there is no association between 
the variables. For example, if the odds ratio for a com­
parison between mallard and tufted duck (reference) and 
early and late (reference) season equals 3.6, then the 
interpretation is that early nests are 3.6 times more like­
ly than late nests to belong to mallard rather than to tuft­
ed duck. By performing a number of mutual com par­
isons between categories of response variable (species), 
it was possible to classify predator and duck species 
according to their relative preferences in accordance with 
selected parameters.

We tried to design and fit simple models using cat­
egorical variables with only few categories, because sim­
ple models, which otherwise may ignore substantial 
amounts of data, often outperform more complex mod­
els when parameters have to be estimated and decisions 
made (Hilborn & Mangel 1997). All tests were per­
formed using the SPSS 10.0.5. program package and 
according to Norusis (1999) and Stokes, Davis & Koch 
(1995).

Results

Characteristics of successful and depredated 
nests
We recorded the fate of 2,426 pochard nests (215 depre­
dated), 1,410 tufted duck nests (136 depredated), 2,006 
mallard nests (571 depredated) and 752 (137 depredated) 
small Anas species nests. O f 1,059 predation events, 
53.7% were attributed to marsh harrier, 14.7% to cor­
vids, 3.0% to other birds, 9.0% to mink, 0.6% to racoon 
dog, 3.5% to other mammals, 1.9% were destroyed by 
humans and 13.6% by unknown predators. After exclud­
ing nests lost to predators other than harrier, corvids, 
mink and 'unknown', the final sample size amounted to 
6,500.

A comparison of the characteristics of successful 
and depredated nests for all species separately reveal that 
all species benefited from nesting in gull colonies (Fig. 
1). In all species, except small Anas ducks, the depre­
dation rate was significantly higher on solid islands 
than on mats of emergent vegetation. Only in the com­
mon pochard did depredation occur more often along 
water edges than in areas away from the edges.

The association between FATE and SPEC was high­
ly significant (X2 = 174.14, d f = 9, P < 0.001). There 
were no significant associations between harriers and 
the nests o f any duck species (Fig. 2). Corvids depre­
dated more mallard nests, but fewer common pochard 
and tufted duck nests than expected. The mink destroyed 
more small Anas species and tufted duck nests, but few-
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Figure 1. Proportion of depredated nests (+S.E.; %) of small Anas 
ducks, tufted ducks, pochards and mallards at Lake Engure, Latvia. White 
bars indicate for COLO: nests in gull colonies; for WATE: nests &le; 2 m 
from the water; for INIT: early nests; and for ISLE: nests on solid islands. 
Grey bars indicate for COLO: nests outside gull colonies; for WATE: 
nests >2 m from the water; for INIT: late nests; and for ISLE: nests on 
mats of emergent vegetation. Statistically significant differences are indi­
cated by * (P < 0.05).

Figure 2. Associations between duck species (small Anas ducks, tuft­
ed duck, mallard and pochard) and predators of depredated nests at Lake 
Engure, Latvia. Significant deviations exceeding the value 2, which cor­
responds to the 97.5% percentile of the standard normal distribution, 
are indicated (*).

er mallard nests than expected. Unknown predators de­
predated more tufted duck and common pochard nests, 
but fewer small Anas species’ nests than expected.

In order to examine the above associations in more 
detail, we tested for interspecific variation in nest site 
use (Table 2a) and whether predator species depredated 
specific nest types (Table 2b). In both models we used 
statistically significant predictors at the highest inter­
action level (3-way) for further examination of inter­
actions using odds ratios. Pairwise comparisons among 
duck species and among predators were performed in 
order to rank species according to their relative pref­
erences (Figs. 3 and 4).

Three-way effects of type of island, presence of 
gull colony and nest initiation date on interspe­
cific nest site use and nest fate
The interaction ISLE*COLO*INIT appeared to be a sta­
tistically significant predictor for variation both in 
SPEC and FATE (see Table 2). This allowed us to 
present predator and duck species rankings together (see 
Fig. 3), which although arbitrary regarding the posi­
tioning o f SPEC categories along with FATE cate­
gories, may explain some of the associations shown in 
Figure 2.

Duck nests on islands were most likely to be depre­
dated by corvids. Mink was classified as the most sig­
nificant predator on islands only in the late season and

Table 2. Sources of variation in A) nest site use by different duck species (with species (SPEC) as dependent variable) and B) duck nest fate 
(with nest fate (FATE) as dependent variable), i.e. the probability of being successful or depredated by a certain predator type. Analyses were 
based on multinomial logistic regressions. In the table, predictors used in the model interpretation are separated from the rest o f the pre­
dictors in the model. See Methods for abbreviations of predictors.
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Figure 3. Relative nest site use of different duck 
species (small Anas ducks, tufted duck, mallard and 
pochard) and relative nest type preferences by 
different predator species at Lake Engure, Latvia, 
with respect to type of island (ISLE), presence of 
gull colonies (COLO) and clutch initiation date 
(INIT). The categories of the explanatory vari­
ables in different combinations are listed along the 
margins of the figure so that there is a difference 
only in one variable’s category if one compares the 
left side with the right side (reference); this cate­
gory is underlined on the left side. The change in 
this variable (from one category to another, see 
Methods) allows us to rank the categories of the 
response variable along the left-right gradient 
based on significance of odds ratios between each 
of category pairs (* P < 0.05, ** P < 0.01, *** P 
< 0.001). For example, referring to the first row of 
duck species there have been six odds ratios 
obtained: ANA vs TUF (P < 0.01), ANA vs MAL 
(P < 0.01), ANA vs POC (P<0.001), TUF vs MAL 
(n.s.), TUF vs POC (P < 0.001) and MAL vs POC 
(P < 0.001), which eventually gives the ranking of 
species, as shown in the figure. Consequently, as 
closer the species lies to some end of the line, the 
greater is the species’ relative association with the 
combination of variable categories on that side. 
Abbreviations: HAR - harrier, COR - corvids, 
MIN - mink, UNK - unknown predator, SUC - suc­
cessful nests, ANA - small Anas ducks, TUF - 
tufted duck, POC - common pochard, MAL - mal­
lard.

outside gull colonies. Nests on mats of emergent veg­
etation were most likely to be either successful or de­
predated by unknown predators. Among ducks, islands 
were most preferred by small Anas species, whereas mats 
o f em ergent vegetation were most used by common 
pochards.

Duck nests in gull colonies and on solid islands were 
most likely to be successful. However, duck nests in gull 
colonies on mats and in the late season were most like­
ly to be depredated by mink. Otherwise, mink were less 
likely to affect duck nests in gull colonies on mats in the 
early season. For duck nests outside gull colonies, the 
main threat, except for the above example, was avian 
predators (harrier and corvids). Gull colonies were 
most preferred by tufted ducks, whereas mallards used 
gull colonies less frequently.

Early nests were most likely to be depredated by 
corvids, except those on mats and outside gull colonies 
where the mink was prevalent. Among ducks, the mal­
lard was the earliest breeder and the tufted duck gen­
erally the latest breeder.

The above interactions explain to a large extent the 
positive associations between corvids and mallard, 
mink and small Anas ducks, mink and tufted duck, and 
unknown predators and common pochard (see Fig. 2).

Three-way effects of type of island, presence of 
gull colony and water edge on interspecific nest 
site use
Nest sites on islands were most likely to be used by small 
Anas species, and nest sites on mats of emergent veg­
etation were most likely to be used by common pochards 
(see Fig. 4a). Nest sites in gull colonies were most 
likely to be used by tufted ducks, whereas nest sites out­
side gull colonies were most likely to be used by nest­
ing mallards. Water edges on mats o f emergent vege­
tation were mostly used by tufted ducks, whereas water 
edges on islands were mostly used by common pochards. 
Nest sites far away from the water edges were most like­
ly to be used by small Anas species, but on mats with 
no gull colonies the common pochard was prevalent.

Two-way effects of water edge and nest initia­
tion date on interspecific nest site use
Water edges were most often used by tufted ducks 
and mallards whereas areas far from the edges were 
most used by common pochards (see Fig. 4b). Again, 
mallards were the earliest breeders and tufted ducks the 
latest breeders.
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Figure 4. Relative nest site use of different duck spe­
cies (small Anas ducks, tufted duck, mallard and 
pochard) with respect to A) type of island (ISLE), 
presence of gull colonies (COLO) and water edge 
(WATE), and B) presence of water edge (WATE) 
and clutch initiation date (INIT). Duck species 
rankings are based on statistical significance of 
odds ratios (* P <  0.05, * *P <  0.01, *** P <  0.001). 
Underlined categories (left) are compared with the 
reference (right). See also the legend to Figure 3.

One-way effect of water edge on nest fate
Nests at water edges were most likely to be depredat­
ed by mink, harrier or unknown predators, whereas nests 
more than two metres away from the edge were most 
likely to be depredated by corvids. Successful nests were 
less likely (P < 0.001) to be situated at edges than the 
nests depredated by mink, harrier or unknown preda­
tors, however, successful nests were more likely (P < 
0.01) to be situated at edges than those depredated by 
corvids.

Assessment of unknown predators
The predation pattern of unknown predators seemed to 
be quite different from that of the known predators (see 
Fig. 3): only in six cases (out of 12) did it not differ from 
that o f harrier, in three cases from that of m ink and in 
three cases from that of corvids. Accordingly, we could 
not attribute depredation cases by unknown predators 
to any known predators.

Discussion

Methodological considerations
Most waterfowl studies have addressed predation only 
by comparing characteristics of successful and depre­
dated nests or estimating habitat-specific nesting suc­
cess (Hill 1984, Crabtree et al. 1989, Guyn & Clark 
1997, Pasitschniak-Arts et al. 1998, Brua 1999). How­
ever, current knowledge does not include detailed analy­
ses of depredated nests which could provide answers to 
the question which duck nest predators are most impor­
tant and why. Apparently, most researchers have refrained 
from analysing depredated nests due to the unreliabil­
ity of predator identification methods based on egg 
remains found at depredated nests. Nevertheless, we 
believe that this line of research has some value, at 
least in areas like Lake Engure, where few predator spe­
cies predominate, and the cues they leave at nests are 
relatively easily recognised. For future studies, we rec­
ommend that unclear cases be recorded as 'unknown' and 
analysed together w ith other data. Furtherm ore, it
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should be possible to make use of this category by 
comparing it with predation patterns of known preda­
tor types, unless the category 'unknown' constitutes 
too large a proportion of all records. Unfortunately, in 
our study (see Fig. 3) there was no convincing similarity 
between the 'unknown' predator category and any of the 
known predator species. Therefore it seems likely that 
the 'unknown' category mainly consisted of other pre­
dators not included in the main analyses. However, 
marsh harrier could actually be responsible for many of 
the nest depredations recorded as 'unknown', because 
it usually consumes only a few eggs and not the whole 
clutch (see Table 1). This may increase the probability 
that other predators will find and consume the remain­
der of the nest contents later, thereby making it difficult 
for a researcher to judge correctly which predator spe­
cies came first or making predation patterns totally un­
recognisable.

Our study, like many others, was not perfect in its ini­
tial design, and other potentially important factors may 
have been overlooked. The role of supplementary (or 
buffer) prey whose presence or absence may corre­
spondingly increase or decrease duck nesting success 
(e.g. van der Lee et al. 1999), was not considered. Nor 
did we carry out an analysis o f the effects of duck nest 
spacing patterns which may (Clark & Nudds 1991, 
Elser & Grand 1993) or may not affect predation (Andr&eacute;n

 1991). Added variables such as 'distance to the near­
est nest' could reveal some search patterns of certain 
predator types, however, we hope to address this ques­
tion elsewhere. In order to obtain better modelling, it is 
essential to attain more knowledge about predator 
searching success. For example, in our study we assume 
that all nest types are equally exposed to the search of 
all predator species, which may, o f course, be wrong.

Interpretation of the findings
Our assessment of predator-prey interactions at Lake 
Engure was based on two models with different response 
variables (SPEC and FATE), but the same explanatory 
variables and data set. This allowed a parallel analysis 
of these response variable levels (see Fig. 3) and descrip­
tion of the relationships between duck species (using cer­
tain sites for nesting) and predator type (finding certain 
nests to depredate). Our study demonstrated high rel­
ative specialisation among predators in finding certain 
duck nest types, and strong differences among duck spe­
cies in relation to sites used for nesting. Because some 
duck species had typical nest appearances, which obvi­
ously affected their discovery by certain predators, we 
were able to record several associations, e.g. between 
corvids and nests o f mallard; between mink and nests

of tufted and small Anas ducks. Only the harrier seemed 
to be a generalist predator, because no significant asso­
ciations with nests of certain duck species were record­
ed (see Fig. 2).

The mink was most associated with small Anas ducks 
and especially tufted duck, which preferred nesting in 
gull colonies. We interpret this result to mean that pre­
dator access to gull colonies can be reduced due to the 
aggressive behaviour o f gulls (Kruuk 1964). The mink 
apparently was most successful, because it approaches 
a colony by land.

Our results also show that predators and their prey 
were spaced in time. Corvids were the principal pre­
dators on early nests, and m ink on late nests; sim ilar­
ly the earliest breeders were mallards, but the latest were 
tufted ducks (see Figs. 3 and 4b). As a result corvids 
were associated with m allard nests, whereas mink 
were associated with nests o f tufted ducks (see Fig. 2). 
O ther studies sim ilarly report corvids to be typical 
predators on early nests (e.g. Johnson et al. 1989) and 
late nests to be more successful in areas where corvids 
were the only duck nest predators (e.g. Hill 1984).

Successful nests did not differ from nests depredat­
ed by at least one predator type in 10 comparisons out 
of 12 (see Fig. 3) and in different circumstances (com­
binations of categories of explanatory variables) at 
least once no difference was found from nests depredated 
by each of the predators. Therefore we conclude that the 
nest variables used in this study did not clearly explain 
the differences between successful and depredated 
nests, leading to the suggestion that duck nests may large­
ly have been found and depredated by chance. If this was 
not the case, nest site characteristics of successful nests 
should not match those of depredated nests as was the 
case for nests situated in gull colonies on solid islands. 
Here nests had a significantly higher probability of 
being successful, obviously either because predators had 
limited access to duck nests within colonies because they 
were mobbed by gulls or because gull nests and chicks 
act as buffer prey between duck nests and predators. 
However, this makes it difficult to explain why nesting 
in gull colonies was not safe on mats of emergent veg­
etation.

An important conclusion may be drawn from com­
paring Figure 1 (two-way assessment of differences be­
tween successful and depredated nests) with Figure 3 
(multi-way assessment o f the same differences). In the 
first, significant differences were present in three vari­
ables (COLO, ISLE, WATE) while in the second com­
parison only the presence or absence of gull colonies 
(COLO) affected nest fate so that successful nests were 
different from nests depredated by all predator species
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involved. This shows that analysis of only main effects 
may overestimate the differences between successful and 
depredated nests and further studies should focus on the 
interaction of multiple factors which probably is what 
happens in nature.

Management implications
The patterns observed are of potential value in decision-­
making in management of waterfowl production areas. 
If waterfowl managers are concerned about low repro­
duction rates o f certain species, management efforts 
should be directed towards associated predator species. 
For example, previous studies have shown that early 
nests are most important for population recruitment 
(M ihelsons, Mednis & Blums 1986, Dzus & Clark 
1998). Thus, local managers may be particularly inter­
ested in increasing hatching success early in the nest­
ing season. To achieve this, removal of corvids could 
be considered first, but as this action would mostly ben­
efit mallards (see Figs. 2 and 3), it might prove valu­
able to remove mink from mats of emergent vegetation 
with no gull colonies, as this would probably increase 
the hatching rates of more duck species, i.e. small Anas 
ducks and tufted ducks, in the early season. If non-lethal 
means of management are preferred, the creation of bet­
ter breeding duck micro-habitats which are unsuitable 
for predators, should be considered. In order to minimise 
nest depredation by corvids, managers should create 
more edges (islands of curved coastline), attract more 
gulls (see Fig. 3) and, finally, remove vertical elements 
(trees, bushes, poles), which can be used by crows as 
perching sites (e.g. Galbraith 1989).

Unfortunately, predator elimination does not always 
increase waterfowl hatching success, possibly because 
of compensatory predation by other predator species or 
recolonisation by new individuals o f the same predator 
species (Clark, Meger & Ignatiuk 1995, Sargeant, Sova- 
da & Shaffer 1995, Beauchamp, Nudds & Clark 1996). 
Further studies should investigate these aspects, because 
no management plans based on the above assessment 
would fulfill expectations if compensatory predation 
and/or recolonisation were likely to happen.
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