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Species assembly in the dabbling duck (Anas spp.) guild in Finland

Hannu Poysa

1. Introduction

Poysd, H. 1984: Species assembly in the dabbling duck (Anas spp.) guild in Finland.
— Ann. Zool. Fennici 21: 451-464.

Species composition of local dabbling duck (4Anas spp.) assemblages in Finland
were mainly composed of one, two or three species (out of six possible), and were
dominated by different combinations of mallard (4. platyrhynchos), teal (A. crecca)
and wigeon (4. penelope). Dabbling duck assemblages in more productive lakes
were more closely packed in niche space than in less productive lakes. When
analysed in terms of nearest-neighbour distances among all the six species in the
niche space (bill morphology and neck length together) the two, three, four and
five-species assemblages did not imply any competitively determined species
composition. Patterns with regard to neck length were considered separately among
mallard, teal, garganey (4. querquedula) and pintail (4. acuta) (species very similar
in bill morphology), and among these species the competition-based prediction was
supported in two-species assemblages but not very well in three-species assemblages.
Very little support was found for the competitive assumption that two species would
have more exclusive distributions than expected by chance from the point of view of
co-occupation of a given lake by the species. Morphologically distinct species were
neither particularly common regionally nor locally abundant. Results tentatively
suggest that competitively structured species composition in local dabbling duck
assemblages may exist among mallard, teal, garganey and pintail, but more
information on niche relations among these species as well as examination of
alternative biological reasons are necessary.

Hannu Poysd, Department of Biology, University of Joensuu, Box 111, SF-80101
Joensuu 10, Finland.

bility of coevolution between competitors see
Connell 1980). In other words, saturated com-

Local species assemblages or communities
are often only small subsets of the total species
pool available over a wide geographical area.
They may or may not show defined structure
and organization. If a non-random pattern can
be recognized, a critical question arises: which
factors are responsible for the pattern obser-
ved? One of the explanations most often invo-
ked has been interspecific competition limit-
ing the numbers and abundance of coexisting
species (e.g. MacArthur 1972, Cody 1974,
Schoener 1974, Diamond 1975, Gilpin & Dia-
mond 1982, Grant & Grant 1982). It has been
suggested that competition between the species
in evolutionary time has led to ecological and
morphological differences that contribute to
the allocation of limiting resources and to
stable coexistence of the species (e.g. Hutchin-
son 1959, Brown & Wilson 1965, Schoener
1965; but for a critical view concerning possi-

munities and species arrays would be assem-
bled through certain combination rules that
strive to minimize interspecific competition
(e.g. Diamond 1975; restated by Gilpin &
Diamond 1982, Herrera 1981).

The competitive explanation of assembly
patterns has recently been strongly criticised
(e.g. Connor & Simberloff 1979, Strong et al.
1979, Simberloff & Boecklen 1981, Simberloff
1982, Wiens 1982). Critics have emphasized
that explanations based on interspecific inter-
actions have been accepted without adequately
examining alternative explanations, including
a critical comparison of the observed patterns
with those produced randomly (i.e., without
interactive effects).

Niche relations as well as relationships bet-
ween ecological and morphological niche or-
ganization among six dabbling duck (A4nas
spp.) species have been studied elsewhere (Poy-
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sd 1983a, b). It appeared that bill morphology
and neck length are potentially critical mor-
phological characters in resource partitioning
among the dabbling ducks. It also became evi-
dent that among the six species there are both
ecologically and morphologically very similar
species pairs. Furthermore, in the beginning
of the breeding season, i.e. during the egg
formation and laying period, the energy and
nutritional requirements of breeding dabbling
duck females are especially high (e.g. Krapu
1979, Owen & Reinecke 1979, Swanson et al.
1979), and an increase in the consumption of
protein-rich animal food by females during
this period has been documented (e.g. Krapu
1974). It is important, therefore, that adequate
protein-rich food resources are available at
shallow water depths when energy demands
are high but the supplies of aquatic inverte-
brates in general are scarce (see also Swanson
etal. 1979). It is thus possible that competition
for food and/or suitable feeding places may be
important in structuring the species composi-
tion of local breeding dabbling duck assem-
blages in ecological time. These findings will
be used as a starting-point in the analysis of
assembly patterns of the dabbling duck guild
described in this paper. Several a prior:
predictions of assembly patterns formulated
on the basis of competition theory are tested,
in many cases against random ‘‘null”’ models.

2. Material and methods

2.1 Measures of ecological similarity and niche
packing

Neck length and bill morphology reflect much of the
feeding behaviour and food of the dabbling duck species
(see Poysa 1983a, b) and are thus good indicators of eco-
logical similarity and niche packing among the species. In
this paper I have used the same nine ratio variables of bill
morphology (8 variables) and neck length (1 variable) that
were used in Poysa (1983b; table 1). Relations between the
species in the morphological niche space defined by the
nine ratio variables were quantified by calculating the
Euclidean distances (ED) between all the species pairs:

EDy ={ % (Xuk - X))

where ED;; is the Euclidean distance between species : and
7, Xix and X« are the standardized (X =0, 62=1) values of
the morphological ratio variable k for species 7 and j. The
“distance matrix is presented in Table 1 (above diagonal)
and a dendrogram based on this matrix (UPGMA-method,
Sneath & Sokal 1973) and showing the distance relations
among the species is given in Fig. 1. Nearest-neighbour
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Table 1. Euclidean distances (above diagonal) between six
dabbling duck species based on nine morphological ratio
variables as well as neck length ratios (beneath diagonal)
for four dabbling duck species. Neck length ratios are
given only for species that have structurally very similar
bills.

Ma Te Ga Wi Pi Sh

Mallard (Ma) - 0.268 0.219 0.406 0.201 0.603
Teal (Te) 1.675 - 0.218 0.490 0.274 0.500
Garganey (Ga) 1.596 1.049 - 0.390 0.357 0.614
Wigeon (Wi) - 0.501 0.912
Pintail (Pi) 1.025 1.716 1.635 - 0.529

Shoveler (Sh) -

distance (NND; two species are allowed to be each other’s
neighbours) was used to indicate the similarity of two
species and the niche packing of a given species assem-
blage. In addition to the NND the ratios of neck length
(NLR) between adjacent guild members (larger to smaller)
were also used in comparisons made with only four species
as an indicator of similarity in resource use and packing in
the niche space (Table I, beneath diagonal). This was
done only for the mallard Anas platyrhynchos, teal Anas
crecca, garganey Anas querquedula and pintail Anas
acuta, species that have structurally similar bills (see Fig. 1
and Poysa 1983b, figs. 4 and 6).

2.2. Data base for species assemblages

Number, identity and abundance of species in local dab-
bling duck assemblages were derived from a number of
published and some unpublished data sets (see Appendix).
Only studies in which the information is given for a single
lake or for a complex of two or three neighbouring lakes
were included: If data for successive years are given, each
year has been treated separately, e.g., a lake studied in
three successive breeding seasons gives data for three dab-
bling duck assemblages. With this criterion, dependence
between the data of successive years may bias the material
used for recording species composition of dabbling duck
assemblages (i.e. the abundance of different assemblage
types, see section 2.3.). To minimize this problem I
included data from only one year if a lake had identical
dabbling duck species compositions in two successive
years. With this criterion, there remained only 14 localities
from which data were derived from two or more years
(successive or not), and in these lakes abundance relations
among the dabbling duck species did not correlate very
strongly between two successive years (mean 1=
+0.4181+0.699, n =19). In the final material 168 out of 182
localities (with at least one dabbling duck pair) are
presented with only one breeding season. It should be
pointed out that when testing the shared lake hypothesis
(see section 2.3.) a more extensive data base was used (see
Appendix). The vast majority of the material is from
inland lakes (85.7 % of localities); Region I includes 24 sea
bays and Region V two river deltas. The area covered
extends over the whole of Finland and thus represents the
regional distribution of all the species in Finland. Possible
regional variation in the assembly pattern was studied by
grouping the data into five regions (see Appendix).

Differences in detectability between the dabbling duck
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Fig. 1. A dendrogram based on nine morphological ratio
variables showing the Euclidean distances between dab-
bling duck species. For distance matrix and species
abbreviations see Table 1.

species during waterfowl censuses may cause bias in the
species lists derived from census data. Effects of this
problem on the results are difficult to estimate since no
criteria for correcting census efficiency for different species
are available. A comparison of the frequencies of occur-
rence of the two rare species garganey and shoveler Anas
clypeata, which have principally similar habitat pre-
ferences but are dissimilar with respect to detectability
during censuses (in my experience the shoveler is more
easily detected), suggests, however, that this bias is of
minor importance in the material used here: garganey was
found in 38 and shoveler in 35 out of 205 possible assem-
blages (see Table 2). In all the papers, except Rajala &
Lindén (1978) and Haapanen & Nilsson (1979), from
which data for dabbling duck assemblages were derived,
the authors refer to the methodological papers by Linkola
(1959) and/or Siira (1959) when describing the methods
and criteria they used in waterfowl cencuses and esti-
mation of pair numbers. Census methods used in the
papers included in the present analysis have thus been at
least principally similar; moreover, the methods used by
Rajala & Lindén (1978) and Haapanen & Nilsson (1979) as
well as by me in my unpublished counts do not differ
essentially from those used in the other studies. In general,
the authors have tried to make counts efficient enough to
give an accurate picture of the breeding waterfowl
populations in the particular lakes studied by them.

2.3. Randomization procedures

The observed NND values of local dabbling duck assem-
blages with different numbers of species were compared
with those produced in random draws of the same number
of species from the total species pool. With six species
there are fifteen possible two-species, twenty possible
three-species, fifteen possible four-species and six possible
five-species assemblage types. In the first stage mean NND
values were calculated for each possible assemblage type.
Then for each assemblage size class (two, three, four and
five species) the mean NND values (=expected NND
values) and their standard deviations were calculated on
the basis of the mean NND values of different assemblage
types in each assemblage size class. The number of ob-
served assemblages lying above or below the expected
mean was also noted. The randomization procedure was
principally the same when calculating the expected NLR
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values for two and three-species assemblages with only
four pool species.

It is worth pointing out here three potential sources of
error that may bias the comparisons of observed and
randomized assemblages. Firstly, because the observed and
randomized assemblages were derived from the same pool
of species (six or four) the two data sets are not in-
dependent. It is evident that the randomization technique
used here favours the acceptance of the null hypothesis
that the observed NND or NLR values do not differ from
the randomized ones (see also Grant & Abbott 1980), i.e.,
the observed and randomized NND or NLR values are
necessarily rather similar. This must be taken into account
when interpreting the results. Secondly, when identifying
how the individual NND and NLR values of the observed
assemblages behave with respect to the expected values
(1.e., greater or smaller than the expected value) medians
rather than means of the expected NND and NLR values
in different assemblage size classes should be used (see also
Hendrickson 1981). However, with the 34 possible com-
parisons made in this study medians and means give
similar results in 31 cases, the main conclusions thus
remaining unchanged. So, for the sake of consistency, the
means of the expected NND and NLR values are used
throughout this paper. Thirdly, when calculating the
expected values no attention was paid to the abundance
relations among the species. Abundance of a given species
inevitably influences the chance of the species occurring
in the observed assemblages (e.g. abundance and
frequency of occurrence of the species in assemblages with
more than one but less than six species are positively
correlated: r= 0.914, P <0.05). Accordingly, had I in-
cluded this contraint the randomization test used here
would have been even more (see also the first point above)
biased toward the type II error, i.e., acceptance of a false
null hypothesis. To minimize this bias I gave all the
species an equal, abundance-independent probability of
being included in the random assemblages. For further
discussion of related problems in constructing ‘“‘null”
models, see e.g. Grant & Abbott (1980), Hendrickson
(1981), Case et al. (1983), Harvey et al. (1983) and Quinn &
Dunham (1983).

A test was also performed to discover whether two
species occur exclusively in lakes more often than could be
expected if the species select their breeding lakes in-
dependently of each other. It is misleading to assume that
all lakes and other waterfowl biotopes are equally good
habitats for the dabbling duck species. Accordingly, I had
to assess more realistically the value of different lakes for a
particular dabbling duck species when calculating the
expected number of lakes shared by two species, using all
the lakes included in the present analysis. Ideally, if data
of productivity and habitat structure of the lakes studied
here were available, the habitat preferences of different
species could be taken into account when calculating the
expectations (for arguments in favour of this kind of
approach in a related context see e.g. Graves & Gotelli
1983, Haila 1983, Haila & Jarvinen 1983). Since such data
are not available, however, I was compelled to use indirect
ways to incorporate this aspect into the calculations. For
the purposes of this paper I decided to use the occurrence
probabilities (OP) of each dabbling duck species in lakes
with different total numbers of waterfowl species, i.e., the
proportion of lakes with a particular dabbling duck
species was plotted for various species-richness classes
(Fig. 2). Even though the connection between the total
number of waterfowl species and habitat productivity/
structure may be obscure, this method seems justified as a
first effort to take into account the suitability of different
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Fig. 2. Probabilities of occurrence of dabbling duck species
in lakes with different numbers of breeding waterfowl
species. Number of lakes in each species-richness class in
brackets. For species abbreviations see Table 1.

lakes for different species. Support for this opinion can be
found from the data presented by P6yhonen (1962, tables 1
and 2). I constructed for each of the sixteen lakes studied
by Péyhénen an index of habitat structure by summing
together the numbers of plus signs (which indicate the
richness of a given vegetation type identified by Poyho-
nen) over all the seven vegetation type columns (see Poyho-
nen 1962, table 2, columns 3 to 9; for example, lake Pyhi-
lampi has nine plus signs in all and thus has an index
value of 9). The number of breeding waterfowl species in
the same sixteen lakes can be found from table 1 in
Poyhonen (1962). In this small data set there is a high
positive correlation between the richness of vegetation
(index of habitat structure) and total number of waterfowl
species: r= 0.820, P <0.001. With regard to occurrence
probabilities of dabbling ducks this is an important asso-
ciation since the occurrence and density of dabbling ducks
are positively associated with the richness of both emer-
gent and submerged vegetation in lakes and wetland areas
(see e.g. Danell & Sjoberg 1978, Kaminski & Prince 1981,
Poysa 1983¢, 1984).

The expected number of lakes shared by two species was
then calculated using the equation

EL,= g OPix X OP;x

where EL;; is the expected number of lakes shared by
species i and j, OPix and OPjx are the probabilities of
occurrence of species 7 and j in lake k that belongs to a
certain species-richness class in Fig. 2. For example, if we
have a hypothetical sample of four lakes with 5, 7, 7 and 13
waterfowls species, respectively, the expected number of
lakes shared by teal and garganey is:

EL=
(0.79X0.04) +(0.80<0.20) + (0.80X0.20) + (1.0 X 1.0)=
1.4

This procedure in principle corresponds to that used by
Gilpin & Diamond (1982). Northern regions (IV and V, see
Appendix) are problematic in this respect, since the
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garganey and shoveler, for example, are very rare species
there and may thus simply for this reason be lacking from
unproductive lakes. However, since the number of water-
fowl species per lake is small in the northern regions (x =
3.511.8 species per lake, n= 57) and the probabilities of
occurrence of garganey and shoveler are very low in such
lakes (OP = 0.04 for both species in lakes with 4-5
waterfowl species, see Fig. 2) the method used here when
calculating the expected number of shared lakes does not
give greatly overestimated expected values in those cases
where these two species are included.

3. Results

3.1. Assemblage types — regional variation and
patterns in different lake types

With six species there are 63 possible assem-
blage types (from one to six species), of which
only 29 different ones were found in the whole
data set (Table 2). Assemblages of one species
were most frequent (34.1 %) followed by two
and three-species assemblages (22.4 and 20.5 %,
respectively), the four, five and six-species
assemblages together forming only 23.0% of
all the 205 assemblages analysed here. The
only single-species assemblages were those of
either mallard, teal or wigeon Anas penelope.
These three species were also the most fre-
quently occurring in the assemblages of more
than one but less than six species; the fre-
quencies of occurrence as calculated from
Table 2 are: mallard 88.3 %, teal 82.5 %, wigeon
73.3%, garganey 19.2%, pintail 17.5% and
shoveler 16.7 %.

Regional variation

I have divided the whole material into five
geographically different regions. In the
southernmost regions I, IT and III (SW, SE and
central Finland, respectively) assemblages
with any number of species were found,
whereas in the northern regions assemblages
with more than four species are very rare
(Table 2). This could also be expected on the
basis of the geographical distribution of the
garganey and shoveler. In region V one of the
communities comprised all six species, even
though garganey and shoveler are not gener-
ally found as far north (see also Haapanen &
Nilsson 1979). In SW Finland assemblages of
two to five species were most usual (together
89.2%), in SE Finland assemblages of one to
three species (86.5%), in central Finland
assemblages of one, three and six species
(73.3%), in southernmost Lapland (IV)
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Table 2. Dabbling duck assemblage types and their
frequencies in 182 waterfowl localities in different regions
of Finland. Region I is SW Finland, Region II SE Finland,
Region III central Finland, Region IV southern Lapland
and Region V northern Lapland. For data source see
Appendix and for interpretation of assemblages see Sect.
2.2. in the text. Species abbreviations are: Ma = mallard,
Te = teal, Ga = garganey, Wi = wigeon, Pi = pintail, Sh
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Table 3. Dabblind duck assemblage types and their
frequencies in four different lake types studied by Lofgren
(1967 and unpubl.) in SE Finland. The lake types are: 1)
eutrophic, 2) dystro-mixotrophic, 3) sterile dystrophic,
and 4) dystrophic with sedge on the shore. For species
abbreviations see legend to Table 2.

= shoveler. Lake types
Assemblage type 1 2 3 4
Total Regions 1-species:
Assemblage type area I I 11 v v Ma 2 5 2
Te 4 2 3
1-species: Wi 2 2 6
Ma 24 2 13 6 3 2-species:
Te 22 11 3 4 4 Ma-Te 2 2 1
Wi 24 13 3 8 Ma-Ga 1
2-species: Ma-Wi 2 2
Ma-Te 19 9 8 2 Te-Wi 2 4
Ma-Ga 1 1 3-species:
Ma-Wi 10 1 8 1 Ma-Te-Wi 6 2 3
Ma-Pi 1 1 Ma-Ga-Sh 1
Ma-Sh 2 1 1 4-species:
Te-Wi 12 7 3 2 Ma-Te-Ga-Wi 2 1
Te-Pi 1 1 Ma-Te-Wi-Pi 1
3-species: Ma-Te-Wi-Sh 1
Ma-Te-Ga 2 2 5-species:
Ma-Te-Wi 31 4 15 6 5 1 Ma-Te-Ga-Wi-Sh 1
Ma-Te-Pi 1 1 6-species 2
Ma-Te—S‘h 1 1 Total number of
Ma-Ga-Sh 1 1 assemblages 6 20 17 21
Ma-Wi-Pi 2 2
Ma-Wi-Sh 3 3
Te-Wi-Pi 1 1
4-species:
Ma-Te-Ga-Wi 5 2 3 . . .
Ma-Te-Ga-Pi 1 1 clearly eutrophic; 2) dystro-mixotrophic (usu-
Ma-Te-Ga-Sh 2 2 ally at least 1/3 of the total shore length sur-
Ma-Te-Wi-Pi 10 1 3 2 3 rounded by cultivated fields); 3) sterile dy-
Ma-Te-Wi-Sh 2 1 1 . .
Ma-Ga-Wi-Pi ) 1 strophic (shores usuall_y stony or dry pine
5-species: forest); and 4) dystrophic (with sedge on the
Ma-Te-Ga-Wi-Pi 2 2 shore). Dabbling duck assemblages on these
Ma-Te-Ga-Wi-Sh 8 6 2 four lake types are presented in Table 3. In
G_Sl\sz‘c'g:‘w"?"% l,l) ; 5 7 i clearly eutrophic lakes the guild was com-
& ) ’ posed of three, four or six species. In dystro-
otal number of & § s .
assemblages 205 37 89 30 30 19 mixotrophic lakes single-species assemblages

assemblages of ore and three species (70.0 %)
and in northernmost Lapland (V) assemblages
of one species (63.1%). Mallard, teal and
wigeon were the most frequent species in all
regions (Table 2).

Patterns in different lake types

Lofgren (1967 and unpubl.) provides data
for dabbling duck assemblages in four differ-
ent lake types from a restricted area in Region
II. The lake types studied by him were: 1)

of mallard, teal or wigeon were the most fre-
quent (40 %), these three species also forming
the three-species combinations (30 %). All six
species occurred together in none of the dystro-
mixotrophic lakes and none of the sterile
dystrophic and dystrophic lakes. Assemblages
with more than three species were not found in
the latter two lake types. Furthermore, in these
lake types, single-species assemblages of
mallard, teal or wigeon were most frequent
(52-53 %), these three being the only species
observed in assemblages of two and three
species.

Of the four lake types considered, eutrophic
and dystro-mixotrophic lakes can be regarded
as more productive than the sterile dystrophic
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and dystrophic lakes. To study how habitat
productivity affects species packing we can
compare the mean NND values between these
two lake type groups. It turns out that dab-
bling duck assemblages in the productive lakes
are more closely packed than in the less produc-
tive lakes: in the pooled data of lake types 1) +
2) and 3) + 4) (see above) the mean NND
values and their standard deviations are
0.29410.035 and 0.3851+0.089, respectively, the
difference being statistically significant (t=
4.08, df = 34, P <0.001). There is, however,
one hidden pitfall that hinders straightforward
acceptance of this result. Because the number
of coexisting species 1is greater in the produc-
tive lakes (2-6 species) than in the less produc-
tive lakes (2-3 species), and a negative corre-
lation is to be expected between mean NND
and number of coexisting species (see e.g. Fig.
3A), the result may be obtained automatically
without any connection to competitive inter-
actions. To check this possible bias I calcu-
lated new, expected NND values for these two
lake type groups, also taking into account dif-
ferences in their species numbers, i.e., the ex-
pectedd mean NND value for each lake type
group was calculated by weighting the mean
NND of different assemblage size classes
(=number of coexisting species, see section
2.3.) with their proportions from all the assem-
blages (with =2 species) in each lake type
group. The expected mean NND value is
0.34110.097 for the productive lakes and
0.40610.160 for the less productive lakes. With
these expected NND values the difference in
species packing between less productive and
productive lakes is 0.406—0.341 = 0.065, the
corresponding difference with the observed
NND values being 0.385—0.294 = 0.091; the
difference in packing with the observed values
is 40 % greater than with the expected values.
This is not intended to be a rigorous test, but it
suggests that the observed difference in species
packing between productive and less produc-
tive lakes is greater than could be expected
when differences in species numbers between
these two lake type groups are also taken into
account. It is interesting to note that if differ-
ences in abundances between the dabbling
duck species are also taken into account (i.e.,
members of two, three, four and five-species
assemblages are selected randomly from a
species pool where the species are presented in
the same proportions as they are in the total
data presented by Lofgren 1967, table 1), the
difference in species packing between the two
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lake type groups is even clearer (the percentage
difference calculated as above is then 160 %).

3.2. Niche packing — observed vs. randomized
assemblages

At this stage my hypothesis is as follows. If
competition is effective in structuring the
species composition of dabbling duck assem-
blages the observed mean NND values (in-
dicating niche packing; the greater the value
the looser the packing) in two, three, four and
five-species combinations should be greater
than the expected ones produced through
randomly selecting an equal number of species
from the total species pool. This prediction is
not supported when using the whole data set
(Fig. 3A). The prediction can also be tested for
each region separately. In sum, no support for
competitively structured assemblages can be
found in 13 out of 18 possible comparisons
(Fig. 3B-F). So, there remain only five cases
where the observed mean NND is greater than
the expected one. None of these are, however,
significantly greater (¢-test, P >0.20 or greater
in all cases).

We may also study how the individual ob-
served assemblages behave with respect to the
expected mean NND values; to be in favour of
the competition hypothesis, a greater number
of actual assemblages should lie above than
below the expected mean NND values. With
the whole data set only five-species assem-
blages support the competition hypothesis,
but not significantly (Fig. 3A; two-tailed
binomial test, P = 0.066). With regional data
sets only five-species assemblages in Region I
(Fig. 3B) have a distribution significantly (P =
0.016) consistent with the competition hypo-
thesis (note its contribution to the result
obtained with the whole data).

3.3. Co-occurrence of species — observed vs.
expected number of shared lakes

We may also study coexistence of the dab-
bling duck species within the insular system
composed of all the waterfowl localities in-
cluded in the present analysis. If potential
competitors interact so strongly that they are
not able to co-occupy a given lake we may
predict that the observed number of lakes
shared by two species is smaller than the ex-
pected number of lakes shared when the
species occupy a given lake independently
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Fig. 3. Observed (black dots) and expected (open squares) mean nearest-neighbour distances (NND) for dabbling duck
assemblages with different numbers of coexisting species in the whole data set (A) and in different regions (B-F).
Standard deviations of expected NND values are also indicated in (A). Regions are the same as in Table 2. All observed
NND values either greater (above) or smaller (below) than the mean expected NND value are presented at the bottom of
each section of the figure. For calculation of the expected NND values see Sect. 2.3.

from each other (see section 2.3.). Both the
actual and expected values are presented for all
species pairs in Table 4. We can see that in
only two cases, viz., mallard vs. teal and teal vs.
wigeon, is the observed number of lakes shared
smaller, but not significantly (x2 test) smaller
than the expected one. In all the other cases the
opposite is true, in two cases, viz., garganey vs.
pintail and garganey vs. shoveler even signi-
ficanly so (x2=4.87, P <0.05 and x2=9.06,
P <0.001, respectively). Altogether, the number
of actual values smaller than the predicted
values is significantly greater than could be
expected on the basis of the 1:1 distribution
(x2=8.07, P<0.01).

Table 4. Observed (first entry) and expected (second entry)
number of shared lakes for dabbling duck species among
all the waterfowl localities included in the present
analysis. For calculation of the expected number of lakes
shared by two species see Sect. 2.3., and for species
abbreviations see legend to Table 2.

Ma Te Ga Wi Pi
Te 112/114.1 -
Ga 41/33.0 38/31.4 -
Wi 101/100.6 96/97.1  34/27.9 -
Pi  38/345 36/30.7 22/13.8 36/28.3 -
Sh 38/31.9 32/30.4 29/16.7 32/27.1 19/18.5
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3.4. Patterns among the four species critical in terms
of bill morphology

We have so far analysed the assembly pat-
terns among all the six dabbling duck species
using the NND calculated on the basis of nine
morphological ratio variables as an indicator
of niche packing in local dabbling duck assem-
blages. Wigeon and shoveler differ drastically
in bill morphology from the other species as
well as from each other. In contrast the four
remaining species, viz., mallard, teal, garganey
and pintail, have structurally rather similar
bills (see e.g. Poysa 1983b), and are thus more
obviously potential food competitors. Taking
this into account, in this section I consider the
coexistence of these four species in relation to
differences in neck length, which is a potenti-
ally critical morphological character in
vertical partitioning of the feeding habitat (see
Poysa 1983a, b). The shared lake hypothesis
will also be considered a little closer among
these four species.

When testing the competitive explanation I
follow the strategy adopted above and hypo-
thesize first that, if competition is strong
enough among these four species (with regard
to their similar bill morphologies), it should
be revealed in the pattern of ratios of neck
length so that the mean NLR between adjacent
members is greater in the actual assemblages
than in the randomly constructed ones. In
two-species assemblages the observed NLR
values are greater in the pooled data set as well
as in all the regions where they were found
than in the random two-species assemblages,
although the difference 1is statistically
significant only in Region II (Table 5). In
three-species assemblages the observed NLR
values are very close to the random expec-
tations.

The number of actual two and three-species
assemblages lying above or below the expected
mean NLR can also be found from Table 5. In
two-species assemblages the distribution is
significantly  (two-tailed binomial test,
P <0.008) directed in agreement with the
competition hypothesis in the whole data set
and in Regions I, II and III. In all the other
comparisons the distribution is either non-
significant or in contrast with the competition
hypothesis.

It became apparent from Table 4 that in the
whole data set pooled over all the Regions I-V,
mallard and teal actually shared a slightly
smaller number of lakes than expected. Table
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Table 5. Observed mean neck length ratios (NLR) for two
and three-species combinations comprising mallard, teal,
garganey and pintail in dabbling duck assemblages in
different regions in Finland. N gives the number of NLR
values that were either greater (first entry) or smaller
(second entry) than the expected mean. The regions are the
same as in Table 2. t-test results of comparisons between
observed and expected mean NLR values are also indi-
cated. For calculation of the expected values see Sect. 2.3.

N Mean SD t
2-species
Whole data 57/3 1.641 0.143  2.035 *
Region | 15/1 1.634 0.163 1.318 ns
Region II 26/0 1.669 0.021  2.844 **
Region III 8/0 1.675 0.000 1.574 ns
Region IV 7/2 1.540 0.292  0.265 ns
Region V 170 1.675 0.000 0.508 ns
Expected 1.499 0.321
3-species
Whole data 12/18 1.333 0.014 0.134 ns
Region 1 2/10 1.328 0.011  0.533 ns
Region II 15 1.328 0.011  0.443 ns
Region III 3/0 1.350 0.000 1.683 ns
Region IV 3/3 1.335 0.018 0.273 ns
Region V 3/0 1.350 0.000 1.683 ns
Expected 1.332 0.018

6 depicts by region both the actual and ex-
pected number of lakes shared by two species.
It appears that in Region I the species will
co-occupy a given lake less frequently than
expected; difference is significant, however,
only for ,mallard vs. pintail (x2=5.01,
P<0.05) and for teal vs. pintail (x2=5.60,
P <0.025). The same is also true for mallard vs.
teal in Regions IV and V and for garganey vs.
mallard, teal and pintail in Region V, but in
none of these cases is the difference between
the actual and expected numbers significant.

3.5. Local abundance, regional commonness and
morphological uniqueness

We may first test whether the species that are
most abundant are also most clearly morpho-
logically segregated from the other species, i.e.,
if species abundances are positively correlated
with the mean Euclidean distance calculated
for each species in relation to the rest of the
species. This is not supported by the data (Fig.
4).
This topic can be considered more closely in
the recent theoretical framework by Hanski
(1982a). Hanski has presented a hypothesis
according to which species in communities
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Table 6. Observed (first entry) and expected (second entry)
number of shared lakes for four dabbling duck species in
different regions in Finland. The regions are the same as
in Table 2. For calculation of the expected number of
lakes shared by two species see Sect. 2.3., and for species
abbreviations see Table 2.

Region Ma Te Ga
I Te 29/30.8

Ga 12/14.3 12/13.7

Pi 5 13.1 4/12.3 2/6.3
11 Te 38/31.6

Ga 15/6.5 13/6.2

Pi 9/7.0 9/5.3 8/3.0
111 Te 27/23.9

Ga 10/7.3 10/6.9

Pi 13/8.0 13/7.3 10/2.8
1AY Te 12/18.9

Ga 372.2 2/1.9

Pi 7/3.9 6/3.4 1/0.6
V Te 6/8.9

Ga 1/2.8 1/2.8

Pi 125 424 1/1.1

Table 7. Local abundance (LLA), regional commonness
(RC) and the “‘core’ (c) and “‘satellite” (s) species status of
six dabbling duck species in three regions in Finland. The
regions are the same as in Table 2; data for Region I (n =
37) is from Suoranta & Rautanen (1980), for Region Il (n =
26) from Lofgren (1967 and unpubl., only eutrophic and
dystro-mixotrophic lakes), for Region IV (n = 15) from
Rajala & Lindén (1978 and unpubl.). Local abundance is
indicated by the mean density (pairs/km?) of the species
and regional commonness by the frequency of occurrence
of the species in waterfowl communities of the regions.
The correlation coefficients between local abundance and
regional commonness are also presented for each region at
the bottom of the table. For further details see text.

Region I Region II Region IV

LA RC LA RC LA RC
Mallard 322 100.0c 6.5 769c¢c 024 60.0c
Teal 76 784c 63 769c 0.67 80.0c
Garganey 1.4 324s 48  269s 0.01 6.7s
Wigeon 39 56.8c 6.1 65.4c 034 66.7c
Pintail 02 13.5s 2.1 11.5s  0.10 46.7s
Shoveler 2.7  48.6s 1.4 19.2s  0.01 6.7s
LA vs. RC r=0.836 r=0.910 r=0.878

P <0.05 P <0.05 P <0.05

can, on the basis of their local abundance and
regional distribution, be grouped into two
distinct types: the “core” species, which are
regionally common and locally abundant, and
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Fig. 4. Relationship between relative abundance and
morphological uniqueness among dabbling duck species.
Abundance relations are calculated from the total pair
numbers of dabbling ducks in the waterfowl communities
included in the present study; morphological uniqueness
of each species is calculated as the mean Euclidean
distance from the rest of the species. For calculation of
Euclidean distances see Sect. 2.1. in the text and for species
abbreviations Table 1.

are also relatively well spaced out in niche
space; and the ‘“‘satellite’’ species, which are
characterized by contrasting attributes. We
may predict that if competition is important
in structuring the dabbling duck guild, core
species should be better spaced out in niche
space than the equal number of species
randomly drawn from the total species pool.

The hypothesis was tested with data from
Regions I, IT and IV. To make the assumption
of equal habitat selection of the species more
accurate (see Hanski 1982a, b), I have excluded
from the Region II data the Lofgren (1967)
lake types 3) and 4) (see section 3.1.). Local
abundance and regional distribution of the
species are significantly correlated in all the
three regions, and the same three core species
can be identified for all regions, viz., mallard,
teal and wigeon (Table 7, see also section 3.1.).
Accordingly, we need only one test and the
result is that the three core species just
mentioned are not better spaced out in niche
space than those selected at random from the
species pool: the mean NND values and their
standard deviations for the actual and random
core species are 0.314 and 0.338+0.093,
respectively. Actually, the three satellite
species (see Table 7) are better (although not
significantly) spaced out in niche space (mean
NND = 0.414) than both the randomly selected
and the observed three core species.
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4. Discussion

The analysis of assembly patterns among six
dabbling duck species revealed some deter-
mined structure in both the number and iden-
tity of species in local dabbling duck assem-
blages. One general feature of local assem-
blages seemed to be that they were mainly
composed of one, two or three species, which
were dominated by different combinations of
mallard, teal and wigeon. The decrease in the
number of coexisting species towards both
more northern regions and less productive lake
types also appeared to be generally true.

The following is a deeper discussion of four
predictions concerning the possible mani-
festations of interspecific competition in struc-
turing the dabbling duck guild.

1) In the light of competition theory more
productive environments offer more resources
to be shared, allowing greater dietary speciali-
zation, and will thus harbor more species and
lead to closer niche packing (MacArthur 1970,
1972).

The dabbling duck assemblages of more pro-
ductive lakes were more closely packed in
niche space than assemblages of less produc-
tive lakes. Accordingly, there seems to be
support for the assumption that resource
richness contributes to the coexistence of po-
tential competitors (i.e. morphologically clo-
sely related species). In sterile lakes, suitable
feeding places together with shortage of food
supplies might be the limiting resources to be
competed for. Only mallard, teal and wigeon
were found to occupy less productive lakes. It
is interesting to note that in two cases the
species that drops out of the guild in the sterile
lakes is one from the morphologically most
similar species pairs, viz. pintail from the
mallard and pintail, and garganey from the
teal and garganey. Of the six dabbling duck
species, the wigeon feeds most selectively on
plant material and the shoveler on animal
material, whereas proportions of plant and
animal food eaten by mallard, teal, garganey
and pintail vary much more (see references
cited in Cramp & Simmons 1977). In terms of
bill morphology, the wigeon and shoveler
differ clearly from each other as well as from
the remaining four species. These four have
structurally rather similar bills, which are
probably adapted to omnivorous food habits
(see Poysd 1983b). It seems reasonable to
assume that the wigeon and shoveler are not
disposed to intense food competition, but
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among the remaining four species competition
for food may play a role under some condi-
tions. The generalistic relations among the
species in feeding ecology (feeding habitat and
method) are: wigeon > mallard > teal > pin-
tail > shoveler > garganey (P6ysid unpubl.). As
a herbivorous, generalized and semi-terrestrial
species the wigeon is at an advantage in many
lake types, also in less productive ones. The
absence of the shoveler from the sterile lakes
may be due to the fact that, because of its large
body size, and as a specialist in feeding habi-
tats and methods as well as in food choice (see
Poysi 1983a, b), it cannot find sufficient food
in the less productive lake types. Among
mallard, teal, garganey and pintail compe-
tition for suitable feeding habitats and/or food
may be too strong in sterile lakes, and the
ecologically more generalized species (mallard
and teal) would under these circumstances
dominate over the specialized species (gar-
ganey and pintail).

The situation is not, however, that simple.
In comparisons between productive and less
productive lake types it was assumed that the
occurrence of all six dabbling duck species in
any of the lake types was independent of any
possible autecological constraints on the
species. For example, the occurrence of gar-
ganey, pintail and shoveler in sterile lakes is
an extremely rare phenomenon in southern
Finland even if the lake contains no potential
competitor; even in the little data used here
there were six empty sterile lakes (Lofgren
unpubl.). It is thus not out of the question that
some autecological constraint on garganey,
pintail and shoveler may keep these species
away from the more sterile lakes.

Two further points concerning breeding
habitat selection of the pintail and garganey in
regions with different densities and abun-
dances of mallard and teal are worth mention-
ing here. Firstly, in a comparison of Region IV
and the area studied by Lofgren (1967) the
overall densities of mallard and pintail are: c.
0.2 pairs/km? and c. 5.0 p./km? for mallard,
and c. 0.1 p./km? and 0.2 p./km? for pintail,
respectively. Now, it seems that in Region IV,
where the density of mallard is about 25 times
smaller, the pintail also occurs (although
rarely) in less productive lake types even
though its overall density is even smaller there
(checked from the unpublished material by
Rajala & Lindén). Secondly, in the Leczna-Wto-
dawa Lake District in Poland the garganey may
also be found as a breeding species in lakes with
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dystrophic or oligotrophic properties where
the teal is not found (Dyrcz et al. 1973, p. 343).
These are, of course, only single observations,
but interesting in this context. They suggest
that in some regions interspecific relations
may be of concern in the habitat distribution
of garganey and pintail. They are not, how-
ever, evidence of competitive displacement,
since factors other than competition have not
been considered. More accurate data on habitat
selection of these species in different parts of
their regional distribution are needed before
drawing any conclusions on explanatory
reasons.

2) Spacing of species in the morphologically
defined niche space should be looser in the
actual assemblages than in the randomly con-
structed assemblages of equal size.

As stated earlier (see section 2.3), the rando-
mization technique used here is perhaps not
the most powerful one when one wants to di-
stinguish patterns produced competitively
from random ones. Principally similar techni-
ques with different applications and con-
straints have been used in many recent papers
dealing with the testing of competitive inter-
actions in animal communities (e.g. Strong et
al. 1979, Ricklefs & Travis 1980, Bowers &
Brown 1982, Hanski 1982b, ¢, Ranta 1982a, b,
Ranta & Tiainen 1982, Case et al. 1983). In the
present study the vast majority of the observed
mean NND values (indicating the closeness of
species packing in niche space) were, like those
of the individual NND values, smaller than
the expected random ones, i.e., opposite to the
prediction formulated on the basis of competi-
tion theory. This suggests that the two, three,
four and five-species assemblages do not imply
any competitively determined species compo-
sition when analysed in terms of the nearest-
neighbour distances among all the six dab-
bling duck species in the morphologically
defined niche space. Considering the assump-
tions mentioned above about the liability of
different species to compete for food with other
species, this interpretation may, however, be
only partially acceptable. The inclusion of the
wigeon and shoveler in the analysis may con-
fuse possible competitively constructed associ-
ations among the remaining four species.

Patterns in neck length were considered sepa-
rately among the mallard, teal, garganey and
pintail, all of which possess very similar bill
morphologies and are thus potential competi-
tors for food. Among these four species the
competition-based prediction was supported

in two-species assemblages but not in three-
species assemblages. Two-species assemblages
were found in lakes with a smaller number of
breeding waterfowl species than in lakes where
three or all four species occurred together
(Poysa unpubl.). If the total number of breed-
ing waterfowl species can be used as an indi-
cator of the trophic status of a given lake,
which seems warranted (see Lofgren 1967, Nils-
son & Nilsson 1976, 1978), the difference bet-
ween the patterns of two and three-species
assemblages agrees with the assumption that
in less productive lakes resources may be in too
short supply to support two morphologically
very closely related species.

3) The observed number of lakes shared by
two species should be smaller than the ex-
pected number of lakes shared by chance.

Distributional patterns of animal species on
islands have been frequently used to find com-
petitive interactions between species (e.g. Dia-
mond 1975, Simberloff 1978, Connor & Simber-
loff 1979, Alatalo 1982, Diamond & Gilpin
1982, Gilpin & Diamond 1982, Schluter &
Grant 1982, Wright & Biehl 1982). This
approach has been applied here to study the
co-occurrence of dabbling duck species in
lakes, i.e. on patchily distributed habitat is-
lands to which the theory of island biogeo-
graphy seems applicable (for examples see
Haila et al. 1982). The result was clear when
all six dabbling duck species were considered
together with the pooled data: there was no
support for the prediction, rather the opposite.
Again, the shared lake hypothesis was tested
region by region separately with the four most
potential competitors. Among these species
the prediction was partially supported in
Region I but not in the other regions. It can be
seen in Table 2 that, in all, the occurrence of a
rare species (garganey or pintail) in a lake
lacking an abundant species (mallard or teal)
is an extremely rare phenomenon. The nega-
tive signs for the observed minus the expected
numbers of lakes shared as well as the general
agreement between the values may thus largely
be a consequence of the criterion by which the
probabilities of occurrence were calculated for
each species in a particular lake while calculat-
ing the expected number of shared lakes. In
other words, the probabilities of occurrence of
the rare species (garganey and pintail) may be
influenced by competitive exclusion directed
from the abundant species (mallard and teal),
i.e.,, the common and abundant species will
restrict the overall commonness and abun-
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dance of the rare species.

In a consideration of the co-occupation of a
given lake by the dabbling duck species, rather
little support was found for the competitive
assumption that the species would have more
exclusive distributions than to be expected by
chance alone. However, although the gar-
ganey and pintail were only occasionally
found to occupy a lake without the most pro-
bable competitor being present (teal and
mallard, respectively), an unsolved problem
remains if competitive exclusion accounts for
the fact that these species shared only lakes
rich in food (see also section 1) above).

4) According to Hanski’s (1982a) core-satel-
lite species hypothesis ‘“‘core”  species
(regionally common and locally abundant
compared to the “satellite’’ species) in animal
communities should be better spaced-out in
the niche space than an equal number of
species randomly drawn from the total species
pool.

This hypothesis has been supported with
some European and North American bum-
blebee communities analysed in terms of pro-
boscis length differences (Hanski 1982b, ¢, but
see Ranta 1982a, Ranta & Tiainen 1982) but
not with animal communities in rock pools
analysed in terms of differences in body size
(Ranta 1982b). The results of the present study
did not support the hypothesis. In contrast, if
we expect more intense competition between
species that are more similar morphologically,
it seems that regional commonness and local
abundance are not determined through compe-
titive interactions in the dabbling duck guild.
This conclusion was also supported by a direct
comparison between the abundance and mor-
phological distinctiveness of the species:
morphologically distinct species did not enjoy
greater abundance. Rather, it seems warranted
that the consideration of abundance relations
in the dabbling duck guild can be reduced to
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the reciprocal patterns in two species pairs
composed of morphologically very similar
species, viz. mallard and pintail, and teal and
garganey.

To summarize, if the six dabbling duck
species are considered simultaneously there is
very little support for the statement that
competitive interactions between the species
would structure the species composition of
local dabbling duck assemblages. Further-
more, regional commonness and local abun-
dance did not seem to be competitively deter-
mined; at least the pure presence/absence data
combined with abundance relations among
the six species were not sufficient to make the
occurrence of competition detectable with the
data treatment used in this paper. However,
sufficient definite non-random assembly
patterns in terms of neck length and along a
habitat productivity gradient were found
among the four species mallard, teal, garganey
and pintail to make an outright rejection of
the competition hypothesis unwarranted. An
interesting question remains: why are the
garganey and pintail so rare compared to the
morphologically closely related species teal
and mallard both regionally and locally in the
regions studied? This calls for a more detailed
study of the niche relations between these
species in local communities. Because of the
lack of data we are, of cource, also left with the
problem of the extent to which the mortality
in wintering and migratory areas limit the
northern breeding dabbling duck populations,
thus making them unlimited by resources.
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Hannu Poysd

Appendix. Sources of the data on dabbling duck assem-
blages in different regions. Note that some studies
comprising more than one breeding season include lakes
that have been studied every year but no breeding dabbling
ducks have been recorded; such “‘empty years’ have been
omitted from the present paper. If a lake had identical
dabbling duck species composition in two successive
years, only one of these years was included for recording
species composition of dabbling duck assemblages (see
section 2.2.); however, all years (additional years in
parenthesis) have been included for testing the shared lake
hypothesis (see section 2.3.).

Source Localities studied

Region I: SW Finland
Suoranta & Rautanen 1980 13 lakes, 1 year

24 sea bays, | year

Region II: SE Finland
Lofgren 1967 and unpubl.
Poysi 1983a
Poysi unpubl.

Region III: central Finland
Antikainen 1966

64 lakes, 1 year
1 lake, 1 year (+3)
24 lakes, 1 year

1 lake, 2 years

2 lakes, 1 year (+1 for
one lake)

3 lakes, 1 year

4 lakes, 1 year

1 lake, 1 year (+3)

1 lake, 4 years (+1)

10 lakes, 1 year (+1 for
nine lakes)

Kauhanen 1969
Kauppinen 1973
Kauppinen 1976
Lahtinen 1973
P6yhonen 1962

Tossavainen & Tossa-
vainen 1978

Region IV: southern Lapland
Haapanen & Nilsson 1979
Rajala & Lindén 1978
and unpubl.

1 lake, 2 years (+1)
2 lakes, 1 year

4 lakes, 3 years

5 lakes, 2 years (+1 for
three lakes)

6 lakes, 1 year (+2 for
one lake)

Region V: northern Lapland
Haapanen & Nilsson 1979 I river delta, 3 years

1 river delta, 2 years (+1)

12 lakes, 1 year (+1 for
two lakes)

1 lake, 2 years

Poysd unpubl.
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