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ABSTRACT. Species richness (n=6) and density (20 broods/100 Jan2) of 
waterfowl breeding on wetlands in forested habitat in 80uthern New 
Brunswick were considerably lower than on more productive and abundant 
wetlands in similar habitat in Ontario. The Black Duck (Anas rubripes) 
and Ring-necked Duck (Aythya collaris) represented 60-7~ of total 
breeding waterfowl. The abundance of aquatic invertebrates most 
influenced use of wetlands by broods of dabbling ducks. Moderately 
acidified wetlands caused changes in species composi tion of the 
invertebrate fauna but not total biomass. The presence and abundance of 
fish as a direct competitor for macro invertebrates significantly 
influenced wetland use by broods of insectivorous waterfowl. We did not 
identify water acidity as affecting directly the survival of 
insectivorous waterfowl broods or ducklings. 
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usmm. La divers He des especes (n=6 ) et l' abondance (20 couvees par 
100 km2) des oiseaux aquaUques nichant dans les terres humides des 
habitats boises du sud du &ouveau-Brunswick se sont averees 
considerablement moindres que dans les terres humides plus productives et 
plus abondantes d' habitats semblables en Ontario. Les Canards noirs 
(Anas rubripes) et 1es Mori11ons a collier (Aythya collaris) 
representaient 60 a 70 pour 100 du total des oiseaux aquatiques 
determinaH en majeure partie l'utilisation des terres humides par des 
couvees de canards de surface. Les terres humides moderement acides ont 
entraine des changements dans la composition des especes de la faune 
invertebree mais non de l' ensemble de la biomasse. La presence et 
l'abondance de poissons comme concurrents directs des macro-invertebres a 
influe dans une grande mesure sur l'utilisation des terres humides par 
des couvees d' oiseaux aquatiques insectivores. &ous n' avons pu 
determiner si I' acidi te de l' eau avai tune incidence direc te sur la 
survie des couvees d'oiseaux aquatiques insectivores ou des canetons. 
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IBTRODUCTIOH 

The importance of aquatic invertebrates in the spring diets of 
adult breeding waterfowl and young ducklings has been well documented 
(for a review see Swanson et a!. 1919; Swanson and Meyer 1913). The 
physiological requirements for concentrated sources of dietary protein by 
laying females and rapidly growing young ducklings has been 
experimentally demonstrated (Krapu and Swanson 1915). 

Most food studies on waterfowl relied upon food item 
identification in stomach and esophageal contents (Mendall 1949; Sugden 
1969; 1913; Reinecke 1919; Swanson et al. 1919; Reinecke and Owen 1980), 
and assumed that breeding waterfowl were selecting for wetlands rich in 
invertebrates. Studies in Maine (Mendall 1949; Coulter 1955; Reinecke 
1979; Reinecke and Owen 1980) confirmed the high dependency of laying 
female Black Ducks and young ducklings on aquatic invertebrates. In New 
Brunswick, Renouf (1972) documented preference by breeding Black Ducks 
for active beaver ponds but made no mention of food resource 
availability. Hughson (1971) identified aquatic invertebrates as one 
factor influencing the distribution of breeding Black Ducks in 
southwestern Bova Scotia. 

Recently, studies of the impacts on the environment of acid rain 
have revealed intricate correlations between changing water chemistry and 
presence and abundance of aquatic invertebrates, fish and breeding 
waterfowl (Kelso et al. 1986; DesGranges and Darveau 1985; McHicol et al. 
1987; and others). These studies have shown that water acidity affects 
fish populations adversely, and. at moderate acidity levels, reduced 
predation by fish allows increases in acid-tolerant invertebrates and 
consequent increases in insectivorous-omnivorous species of waterfowl. 
Only McHicol et a!. (1987) studied actual distributions of naturally 
occurring pairs and broods of waterfowl and related those observations to 
relative environmental measurements. other researchers have studied 
growth and behaviour of captive ducklings on experimentally acidified 
ponds (DesGranges and Rodrigue 1986; Haramis and Chu 1987) and selected 
ponds with specific characteristics (Hunter et al. 1986). DesGranges and 
Darveau (1985) correlated the distribution of breeding waterfowl with 
wetlands parameters, including water acidity from extensive aerial 
surveys in parts of Quebec. 

Bo previous studies in Atlantic Canada had examined 
distributions of breeding waterfowl and broods relative to water acidity 
even though much of the region was identified as having been affected by, 
or as being highly sens i ti ve to, the eff ec ts of acid rain (Hawkins and 
Spavold-Tims 1984; Kerekes et al. 1986). The mean monthly pH of 
precipi tation in Rew Brunswick is in the range of 4.2-5.0 (Atmospheric 
Environment Service 1980; Environment Bew Brunswick 1982). Sergeant et 
al. (1981) found that 65~ of the precipitation events in southwestern New 
Brunswick had pH between 4.0 and 5.0 and 26~ between 3.0 and 4.0. 
Studies of terrestrial (Cowell et a!. 1981; Shiltz 1981) and aquatic 
(Clair et al. 1982; Hawkins and Tims 1984) ecosystems identified portions 
of southwestern Rew Brunswick as among the most sensitive in the province 
to acidification. 
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The objectives of this study were to document the distribution 
and productivity of waterfowl in a region of the Maritimes geologically 
sensitive to the impact of acid rain and to measure the relationship that 
might exist between waterfowl populations, water acidity and aquatic 
invertebrate resources. 

STUDY AREA ABO METHODS 

We chose the upper portions of the Lepreau and Hew River 
drainage basins (~ 10 1an from the coast) in southwestern Hew Brunswick 
(referred to as the Lepreau study area) to study the distribution and 
densities of breeding waterfowl and broods. Clayton et al. (1977) placed 
the Lepreau area at the southern edge of the st. Croix Highlands 
physiographic region, part of the northern terminus of the Appalachian 
Mountain System. Most of the study area lies between 200 and 300 m, 
asl. Soils are variable-textured glacial drift, mostly sandy and stony 
loams to clay loams with humo-ferric podzol soil profile development. 
Rowe (1972) placed the forests of the study area within the Southern 
Upland Forest Section of the Acadian Forest Region. At the higher 
elevations and on well-drained slopes with deep soils tolerant hardwood 
species typified by sugar maple (Acer saccharum), beech (Fagus 
&randifolia) and yellow birch (Betula lutea) predominate. At lower 
elevations those species are mixed with, and often replaced by, red maple 
(~. rubrum) , white birch (~. papyrifera), balsam fir (Abies balsamea), 
red spruce (Picea rubens) and white pine (Pinus strobus). The climate of 
the region is influenced by the proximity of the Bay of Fundy, with mean 
summer and winter temperatures of approximately 15°C and -SoC, 
respectively. Precipitation is greatest in the autumn and winter and may 
reach 100-115 cm with frequent foggy conditions (Putnam 1940). 

The Lepreau study area encompassed approximately 630 1an2 . 
Recent forest harvesting operations have made most wetlands available by 
vehicle although to reach some sites required considerable effort by foot 
and/or canoe. In early May of 1986 and 1987 aerial surveys by helicopter 
established distributions of breeding waterfowl within the study area. 
All waterfowl were plotted to wetlands on topographic map sheets. From 
mid-May through mid-July of 1986 and 1987, two 2-man field crews surveyed 
all wetlands a minimum of 4 times. Ground surveys relied on several 
methods (eg. approach on foot and prolonged observation; canoe; walking 
shorelines) to observe adult waterfowl and broods upon different wetland 
types. Waterfowl were classified to species, sex and for broods number 
of ducklings and approximate ages based upon body size and feather 
development (Gallop and Marshall 1954). 

Water samples from lakes,' streams and ponds were collected in 
1986 by helicopter; the same areas were resampled in 1987 from the 
&round. The sample was chosen to provide representation of wetlands of 
various size and type throughout the study area. In 1987 several new 
wetlands were sampled based upon waterfowl observations from the previous 
year (i.e. several small ponds of high waterfowl productivity not 
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surveyed in 1986). Water samples were analysed by the Inland Waters 
Branch, Environment Canada, Honcton, Rew Brunswick. In 1981, using 
distribution of waterfowl broods from 1986, 34 wetlands were selected for 
aampling of aquatic invertebrates and fish. This subs amp Ie was 
atratified according to waterfowl use in 1986 i.e. 1) ~ 2 broods (high 
use) 2) 1 brood (moderate use), 3) no broods (low use). Each of these 
wetlands was sampled 4 times for aquatic invertebrates from mid-Hay 
through mid-July. Each invertebrate sample represented a composite of 10 
sweeps of a long-handled net (43 cm deep with 9 meshes per centimetre, on 
a D-frame with 625 cm2 area, and a l22-cm handle) at each of 3 sites on 
the wetland. Sample sites were evenly distributed around the wetland 
periphery. Sample sites were ~ 1 m deep and, when possible, supported 
floating or emergent macrophytes (not always possible on rocky 
oligotrophic lakes). Each sweep represented a figure-8 through the water 
column. 

Sweep-net samples were sorted on the day of collection and 
invertebrates were stored in 7~ ethyl alcohol. Invertebrates were later 
identified and sorted to family; the importance of invertebrate taxa in 
each sample was measured by numbers of individuals and dried weights. 
Samples were dried in a laboratory heating oven. Fish were sampled on 
wetlands by 3 cylindrical wire-mesh traps (6-mm wire mesh; 1.0 m x 0.30 
m; 40-mm openings at each end) baited with dog biscuits and left for 48 
h. The numbers and lengths of larger species were recorded and the 
specimens were released. Host minnows were frozen for later 
identification. 

Duckling loss was calculated by the Hayfield method (Hayfield 
1915) . The standard error (SE) of Hayfield' s survival rate estimator 
(~), and subsequent 95~ confidence limits of ~ are after Johnson (1979), 
an approach applied to juvenile Black Duck survival in Haine by Ringelman 
and Longcore (1982). 

RESULTS 

We observed waterfowl at least once on 149 wetlands within the 
Lepreau study area. Wetland, in the context of this study, refers to any 
distinguishable body of water and associated riparian habitat and might 
include distinct sections of rivers, bogs, beaver flowages, and lakes and 
ponds of all sizes. Wetlands ranged in size from 1 ha (small beaver 
ponds) to 900 ha (large oligotrophic lake) and averaged 23.8 ha. 

Wetland Acidity and Sensitivity 

We sampled 19 wetlands for pH and alkalini ty . Wetlands were 
divided into 4 general acidity classes 1) circumneutra1 or slightly 
acidic - pH ~ 6.0; 2) moderately acidic - pH ~ 5.5 ~ 5.9; 3) very 
acidic -pH ~ 5.0 ~ 5.4 and 4) highly acidic pH ~ 4.9 (Table 1). 
Hean alkalinity measurements (in Ueq/l) for those four water acidity 
classes were 40.1, 11.8, 8.6 and -12.6, respectively. Only those 
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wetlands with pH values above 6.0 can be considered slightly buffered 
(average alkalinity ~ .0 Ueq/l). The highest alkalinity measured was 
92 Ueq/l. Host wetlands with high pH values were large oligotrophic 
lakes. Host wetlands with low pH and low alkalinity values were small 
ponds, suggesting that much acidity was of organic origin. This was 
supported by water colour values. We rated the Lepreau study area as 
moderately to highly sensitive to acidification. 

Humbers of Breeding Pairs 

Seven species of waterfowl were observed on the Lepreau study 
area during aerial breeding pair surveys in 1986 and 1987 (Table 2). The 
count of Black Ducks in 1987 was significantly greater than in 1986 and 
of Ring-necked Ducks significantly less (Chi-square). However, the 
estimated breeding pairs for both species did not differ significantly 
between years. The total number and estimated pairs of Hooded Merganser 
(Lophodytes cucullatus) were significantly greater in 1987. In general, 
total numbers of waterfowl counted were very similar between years 
although estimated pairs were higher in 1987 (main species being the 
Black Duck, Ring-necked Duck, Common (Mergus merganser) and Hooded 
Hergansers and Green-winged Teal (Anas crecca). Fifty-eight and 48 
Common Loons (Gavia immer) were counted in 1986 and 1987, respectively . 

• umbers of broods 

The numbers of waterfowl broods observed on the Lepreau study in 
1986 and 1987 were remarkably consistent between years (Table 3). We 
compared the distribution of broods among species (observed) relative to 
the distribution of breeding pairs (expected) recorded on aerial surveys 
for 1986 and 1987. These analyses show that, although in 1986 the 
species distribution of broods was similar to that for breeding pairs, in 
1987 the distribution was significantly different, a greater proportion 
of Black Ducks and a lower jroportion of Ring-necked Ducks being the 
sreatest contributors to the ~ value of 11.04 (df = 3; ~ < 0.02). 

We also compared the observed number of broods for each species 
to the expected, where expected = the number of breeding pairs. A 
significant difference between pairs and broods was found only for the 
Ring-necked Duck in 1987 (~2 = 8.8; df = 1; f < 0.005). The 
Ring-necked Duck is a late breeder and, as ground searches were completed 
by mid-July, it is likely that total Ring-necked broods would have been 
higher both years if searches had continued later. 'l'he densities of 
waterf owl broods on the Lepreau study area were 19.2 and 18.7/100 Jan2 
in 1986 and 1987, respectively (Table .). The most eommon species of 
breeding waterfowl in both years was the Black Duck followed by the 
Ring-necked Duck, Common Merganser, Hooded Merganser and Green-winged 
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~ea1. Seventeen Common Loon nests or broods were observed in the study 
area in both years. Twelve of the 17 (7~) breeding sites in 1987 were 
on lakes where loons had bred in 1986. Potential breeding pairs of loons 
counted during helicopter surveys in May of 1986 and 1987 did not provide 
accurate estimates of subsequent observed nests and/or broods. Assuming 
singles and pairs of loons on individual wetlands in May each represented 
a breeding pair, estimates for subsequent breeding pairs were 36 and 27 
in 1986 and 1987, respectively. Those numbers represent over-estimates 
of actual breeding pairs of 111~ and 58~ in 1986 and 1987, respectively. 

Waterfowl Distributions and Wetland Acidity 

We separated observed waterfowl broods into piscivores (Common 
Loon, Common Merganser) and insectivores/omnivores (Black Duck, 
Ring-necked Duck, Green-winged Teal, Wood Duck (Aix sponsa), Hooded 
Merganser). We examined the subsample of 79 wetlands sampled for water 
acidity and positioned broods for both trophic classes into one of the 
four wetland acidity classes (Table 5). We did not use the distribution 
of breeding pairs in spring due to probable movements among wetlands 
within specific breeding territories . 

The insectivores/omnivores were more common than piscivores on 
wetlands in all four acidity classes. This was especially evident on 
wetlands of pH ~5.5, an acidity level below which many fish populations 
begin to decline (Henricksen 1980; Kelso and Minns 1982; Schofield 
1982). Brood density of both trophic classes was lowest on wetlands with 
pH 5.0-5.4 and piscivores were rare on all wetlands with pH <5.5. 

We used proportions of wetlands in each acidity class to 
determine the expected representation of broods in those classes for both 
trophic groups. The distribution of piscivores among wetlands was highly 
significantly weighted towards wetlands with pH ~5. 5 (~2 z: 31. 30; df 
= 3; P < 0 . 001) whereas the insec ti vores / omnivores showed no 
signific;nt selection for wetlands of specific acidity (~2 = 5.31; df = 
3; f > 0.05). 

Waterfowl Brood Distribution and Wetland Size 

We examined the relationship between wetland size and frequency 
of waterfowl broods (Table 6). Black Duck and Hooded Merganser broods 
showed no selection to size of wetlands. Ring-necked Ducks selected for 
wetlands of intermediate and larger size whereas the Common Merganser was 
highly selective for wetlands > 10 ha. Most of the smaller-sized 
wetlands used by Common Merganser broods were on river systems. 
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We re-examined the distributions of Black Duck broods relative 
to brood age (smaller sample sizes did not allow similar treatment of 
data for the other species) . We used only 2 age-classes (Class I : ~ 
18 d; Class II : > 19 d < 43 d; Gollop and Marshall 1954) in order to 
maintain suitable sample sizes (Class I: n = 80; Class II: n • 37). The 
observed distributions of broods of both age-classes among wetland 
size-classes did not differ significantly from the expected (Class I: 
~2 = 2.96; Class II: 12 - 1.47). 

We also examined the use of wetlands by breeding loons (Table 
7). Loons generally selected wetlands ~ 20 ha in size for breeding. 
The two wetlands < 20 ha used for breeding in 1986 were not used again 
in 1987. The mean size of lakes used by loons breeding on the Lepreau 
study area (1986 and 1987 data combined) was 139.2 ha. However, the 
frequency of use showed 78~ nested on lakes which averaged 52.5 ha (range 
- 20-100 ha). 

DucklinR survival 

We measured comparative duckling survival for the four most 
common species of waterfowl on the Lepreau study area by calculating mean 
brood sizes for estimated age classes (Table 8). There were no 
measureable differences in brood size for most duckling age classes of 
Black Duck (a significant difference between Class la and 2a is 
attributed to sampling bias). There was a significant decline in the 
number of Ring-necked ducklings between brood age classes la and lb but 
not between age classes lb and lc. The large variance for mean sizes of 
Common Merganser broods explains the lack of significant decline between 
classes la (K = 9.33) and lc (g = 6.83). There were no significant 
differences in the number of Hooded Merganser ducklings among classes la 
to lc. Age classes beyond lc for both species of merganser were not 
tested due to small sample sizes. Among the 4 species of waterfowl, 
age-specific brood size differed only in the la class. Common Merganser 
la broods were larger than 1a classes for the other 3 species (this 
excluded a Common Merganser 1a brood of 23 which was obviously a merger 
of 2 broods). Ring-necked Duck 1a broods were larger than Hooded 
Merganser 1a broods but not Black Duck 1a broods. 

We examined daily survival of ducklings for 16 and 15 broods of 
Black Ducks with multiple observations in 1986 and 1987, respectively 
(Table 9). Multiple observations of broods of other species were not 
sufficient for meaningful analyses. Between-year data sets were very 
comparable and the 2-year daily survival rate of 0.9835 is only slightly 
higher than the 4-year duckling survival rate of 0 . 9811 for Black Ducks 
in Maine (Ringelman and Longcore ·1982). This overall daily rate of 
survival does not consider age-specific disparate rates of survival. The 
2-year daily survival rate of 0.98 (composite age) can provide a general 
probability for individual duckling survival through time (0.98 x itself 
n times where n • number of days). Survival rates for 10, 20, 30 and 55 
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days were 0.83, 0.70, 0.59 and 0.39, respectively. This is, however 
based on an assumed stable mortality rate which is not likely to occur. 

We combined the 2-year Black Duck data set and compared early 
duckling survival for broods from Ia to lIb (approximately 3-30 days old) 
with survival for broods from ages IIa through III (approximately 22-55 
days old). The overlap of ages was necessary due to a scarcity of broods 
with multiple observations within brood age classes. Kany broods were 
first seen and aged as Class Ia and next seen as Class IIc or Class III 
broods. These broods could not be used in age-specific survival rate 
calculations. The younger ducklings had a daily survival rate of 0.97 ± 
.01 (957. CI) with the probability of a duckling surviving the 27-day 
interval of 0.46. , The older ducklings had a daily survival rate of 0.98 
± .01 (957. CI) with the probability of a duckling surviving the 28-day 
interval of 0.72. 

The overall survival from Class I to III can be estimated as the 
product of the above two age-specific mortality rates. The overall 
estimate of 0.33 was less than the 55-day rate of 0.39 using a stable 
mortality rate for all ages and also less than the rate of 0.42 estimated 
for young Black Ducks in Kaine. Both estimates from Lepreau, however, 
were similar to the relatively low survival rate of 0.34 estimated by 
Reed (1975) for juvenile Black Ducks in estuarine habitat in Quebec. 

The mean Class III brood size at Lepreau of 4.06 in 1986 was 
appreciably less than the mean size of 5.00 in 1987. Both are less than 
the mean of 5.26 in Kaine but similar to the figure of 5.00 often used in 
other Black Duck production estimates. However, the Class III brood size 
of 5.26 in Kaine was a 4-year mean, individual annual values being 6.0, 
5.5, 4.3 and 3.8 illustrating the potential variability of annual 
age-specific Black Duck brood sizes. 

Water Acidity and Aquatic Invertebrates 

Thirty-four wetlands (pH 4.5 6.5) were also sampled for 
aquatic invertebrates. We compared numbers and mean dried weights of 
aquatic invertebrates for wetlands within the 4 acidity classes (Table 
10). There was a significant positive correlation between increasing 
total invertebrate mass (dried wt.) and increasing wetland acidity 
(Spearman's rs = 1.00). However, there was considerable variation in 
changes of numbers and mass among invertebrate taxa. The taxa Amphipoda, 
Bphemoptera and Pelecypoda declined significantly in numbers and mass 
with increasing acidity, especially in wetlands with pH ~ 5.0. Taxa 
auch as Hemiptera and Trichoptera showed moderate declines while others, 
notably Odonata, increased in abundance with increased water acidity. 

Invertebrates of the taxa Odonata and Hemiptera comprised 
approximately 807. of the invertebrate mass (dried wt in mg) on wetlands 
of all acidity classes. on more acidic wetlands, odonates became more 
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important to total invertebrate numbers and mass (Figures 1 and 2), and 
that taxon alone represented over 7~ of the available biomass on 
wetlands of pH <5.0. Such taxa as Amphipoda, Ephemoptera and Diptera 
contributed little to biomass on acidified wetlands and the pelecypods 
became absent. On acidified wetlands odonates were the single most 
abundant taxon and contributed most to the available biomass. 

We examined invertebrate abundance and biomass for significant 
correlations. A Kruskal-Wallis H Test was applied to invertebrate 
abundance data to see if numbers and weights by taxa were influenced by 
water acidity. We again used the • wetland acidity classes and ranked 
abundance and weights of each invertebrate taxon collected from wetlands 
within each class (Table 11). Only Arophipoda showed significant 
dependence upon wetland acidity for numbers and weight (decrease with 
acidity) . 

Waterfowl Broods - Invertebrate Availability 

We used linear regression to examine data from 17 ponds and 
small lakes (1.5-13.6 ha; ~ .... 7 ha) for correlation between brood 
production of insectivores/omnivores and aquatic invertebrate biomass 
(dried wt. in mg). The correlation was not strong (!: = 0.60) but 
suggested a positive relationShip (Figure 3). Wetlands supporting the 
greatest abundance of invertebrates and most broods contained no fish 
(fish not captured during bait trapping or sweep-netting for 
invertebrates). 

Fish Community Structure 

Fish were absent from 11 of the 35 (31 .• 7.) wetlands sampled . 
The most widely distributed species were the Golden Shiner (Rotemigonus 
crysoleucas), 80rthern Redbelly Dace (Chrosomus ~), Brown Bullhead 
(Ictalurus nebulosus), and White Sucker (Catostomus commersoni) (Table 
12) . The least common species detected were the Yellow Perch (Perca 
flavescens) and Common Shiner (Rotropis cornutus). 

We examined distribution of fish among wetlands relative to 
wetland size (Table 13). Fishless lakes were significantly smaller than 
lakes with fish and all were under 10 ha in size. This corroborates 
similar studies in Ontario (Minns 1981; McRicol et a1 1987) where most 
fishless lakes represented head-water wetlands susceptible to 
acidification. These data also confirmed that water pH generally 
declined with decreasing wetland size, suggesting that many of the 
acidified wetlands involved organic acidification. Smaller ponds may 
also be susceptible to oxygen limitations or freezing in winter which can 
influence fish distribution and abundance. There appeared to be little 
influence of water acidity on fish species distribution and abundance 
where pH levels ~ 5.5 (Table 14). 80 fish were in the small sample of 
wetlands with pH < 5.0. 
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Influence of Fish on Aquatic Invertebrates 

We compared total biomass of aquatic inverterbates between 
wetlands with and without fish (Table 15). The mean weights for wetlands 
without fish were greater for all acidity classes (significantly so for 
several). The overall mean weight of aquatic invertebrates from fishless 
lakes was significantly greater than the mean weight from wetlands with 
fish. Fish depress aquatic invertebrate biomass on wetlands with pH 
values ~ 5.0, below which fish normally become absent. These data 
support the theory that fish represent serious competitors of 
insectivorous and omnivorous waterfowl for the aquatic invertebrate food 
base in northern freshwater wetlands. 

Waterfowl Production and Aquatic Invertebrate Biomass 

We have shown that invertebrate biomass was greater on wetlands 
without fish. We examined waterfowl brood data for 1986 and 1987 (2 
years data summed) for the same data set (excluding piscivores), summed 
total ducklings for first observations only (many broods were resighted 
during subsequent ground surveys) and excluded the 3 lakes > 100 ha to 
minimize influence of wetland size. The percentage occurrence of 
ducklings on wetlands with fish was 0.58 compared to 0.88 for wetlands 
without fish. The mean number of ducklings on wetlands with fish was 5.6 
compared to 15.4 for wetlands without fish. The difference between 
number of ducklings on wetlands with and without fish was significant (t 
- 2.43; df = 21; f < 0.02). 

To avoid the variable influences of fish popUlations upon 
invertebrate populations, we examined the direct relationship of 
invertebrate availability (biomass) and duckling production for fishless 
lakes only (Figure 4). This limited data set suggests that a significant 
positive relationship exists between duckling production and available 
invertebrate food base. 

DISCUSSIOH 

The wet sulphate deposition level for Hew Brunswick has been 
estimated at > 30 Dlmol S04' m-2 (Kelso et al. 1986). This level is 
equalled in eastern Canada only by that measured in parts of southern 
Quebec. Although calcite saturation indices (a measure of wetland 
vulnerability to acidification) 8uggest that lakes in lIew Brunswick are 
eenerally less susceptible to acidification than lakes in other Atlantic 
Provinces, a mean pH of 5.6 for lakes sampled in lIew Brunswick was the 
8econd lowest of provincial samples in eastern Canada (Kelso et al. 
1986). Most lakes of pH ~ 5.5 in the composite sample from Hew 
Brunswick were located in the 80uthwestern portion of the province. 
Forty-three percent of the wetlands that we sampled in the Lepreau study 
area had pH values < 5.5 and 77~ < 6.0. 
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The 2-year mean densities for breeding pairs (21.6/100 kro2 ) 
and broods (20.0/100 )an2) of waterfowl were considerably lower than 
densities in selected areas of central and northern Ontario (Dennis and 
Worth 1984; Ross 1987). However. whereas Ross (1987) reported up to 11 
species of waterfowl breeding on his study blocks (100 x 100 Jan) in 
Ontario. we found only 6 species at Lepreau. 2 of which (Black Duck and 
Ring-necked Duck) together comprised 737. and 637. of estimated breeding 
pairs in 1986 and 1987. respectively. In Ontario those 2 species 
comprised from 35-597. of total breeding pairs (Ross 1987) and averaged 
457.. At Lepreau the number of breeding species was low; we did not 
record broods of species such as the Mallard (A. platyrhynchos), 
Blue-winged Teal (A. discors) or Common Goldeneye (BucephaIa clangula) -
all fairly common breeding species on plots surveyed in Ontario. 

At Lepreau the 2-year average densities for breeding pairs of 
Black Duck and Ring-necked Duck were 9.83/100 )an2 and •. 75/100 Jan2, 
respectively. Respective average densities on survey blocks in Ontario 
were 16.4 and 19.9 (Ross 1987). However, at Lepreau the density of 
wetlands was considerably lower than on most survey blocks in Ontario. 
The 2-yr mean indicated pairs of waterfowl per wetland at Lepreau was 
0.80. On 5 survey blocks in Ontario the mean number of indicated 
pairs/wetland was 1.03 (range: 0.69-1.40). The apparent low densities of 
breeding waterfowl at Lepreau compared to central Ontario was the product 
of low species diversity and relative paucity of potential breeding 
habitat (i.e. available wetlands) . 

. ' 
On a 151 )an2 study area in central Maine, the density of 

breeding pairs of Black Duck has varied from 12.5/100 Jan2 (1977) to 
25.0/100 )an 2 (1987) (Diefenbach 1987), again suggesting that breeding 
densities of Black Ducks at Lepreau should be considered moderate to 
low. As much of Rew Brunswick supports lower densities of wetlands than 
at Lepreau, densities of breeding waterfowl recorded during this study 
should be considered higher than the provincial average, on an area basis. 

Our study represents the first in eastern Canada where spring 
helicopter surveys to count breeding pairs of waterfowl on wetlands in 
forested habitat were subsequently followed by intensive ground surveys 
to count waterfowl broods. We found good agreement between counts of 
pairs and broods in both years, especially for early nesting species such 
as the Black Duck. Although we suggest that spring helicopter surveys 
can provide accurate estimates of "potential" waterfowl production for a 
given unit of wetland habitat, we caution that aerial surveys must be 
flown under rigidly followed conditions. 

Spring breeding pair surveys must be conducted within a fairly 
narrow framework of time which, for the Black Duck in most of New 
Brunswick, falls within the last week of April and the first 10 days of 
llay. This "survey window" of 2-3 weeks represents that period of Black 
Duck breeding chronology when maximum counts of breeding pairs will be 
obtained, 1. e. after passage of migrants but prior to departure from 
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t.erritories by most. males (males begin t.o leave established t.erritories 
approximately 7-10 days after the female initiates incubation (Seymour 
1984». The "survey window" was calculated by backdating from estimated 
ages of Black Duck broods seen during ground surveys in 1986 and 1987. 

The affinity of piscivores for wetlands of pH ~ 5.5 was not 
unexpected. The requirement of piscivores for fish and the documented 
declines in fish populations on wetlands of pH < 5.5 represent obvious 
reasons for t.hat correlation. However. t.he attraction of both species of 
piscivores (i.e. Common Loon and Common Kerganser) to larger water bodies 
for breeding habitat and t.he t.endency for t.he larger ponds and lakes at 
Lepreau t.o have higher pH values also influences measured wetland 
selection. Le. t.he correlation may not be solely dependent upon water 
acidity. at least not at the present time (i.e. increased wetland 
acidity. and consequent impact upon fish populations. would ultimately 
tighten the correlation between acidity and use of wetlands by 
piscivores) . 

Duckling survival. and mean brood sizes of Black Ducks at 
Lepreau. were comparable to other studies of that species in Kaine 
(Ringelman and Longcore 1982) and Quebec (Reed 1975). We do not think 
that wetland acidity is presently affecting breeding success 
(broods/breeding pairs) or duckling and brood survival. The requirement 
of breeding female dabblers and young ducklings for a diet rich in 
protein has been well documented (Street 1977; Collias and Collias 1963; 
Koyle 1961; Sugden 1973; Swanson et al. 1979; and others). Experimental 
studies with imprinted and/or impounded Black Duck ducklings on acidified 
wetlands (DesGranges and Rodrigue 1986; Haramis and Chu 1987) have 
correlated suppressed body growth and development and increased mortality 
wi th increases in water acidi ty. Those studies also measured increased 
duckling activity with increased water acidity and concluded that that 
was a result of reduced aquatic invertebrate availability. DesGranges 
and Rodrigue (1986) however. found that increased water acidity and 
moderate to high fish populations were required before ducklings showed 
demonstrable reductions in growth and survival. 

A study in Kaine (Hunter et a1. 1986). again using imprinted 
Black Duck ducklings on selected paired wetlands of varying acidity. 
demonstrated that the presence of fish. not necessarily water acidity. 
influenced invertebrate abundance and subsequent duckling growth and 
survival . Again in Kaine, Rattner et al. (1987). using the same 0.2 ha 
ponds constructed by Haramis and Chu (1987), confirmed the conclusions of 
those researchers that. under controlled experimentation on fishless 
enclosures, acidification can adversely affect growth and physiological 
condition of Black Duck ducklings., Rattner et a1. (1987) noted that 
crowth of ducklings in their experiments was poorer than that reported 
for free-ranging Black Ducks in Kaine (Reinecke 1979). but concluded that 
acidification may be adversely affecting the productivity of free-ranging 
duck populations. particularly t.hose occupying fish-free palustrine 
habitats. We suggest as demonstrated by KcHicol et al. (1987), Eriksson 
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(1979), Eriksson et al. (1980) and others that, due to the interspecific 
competition for the same aquatic invertebrate food base by fish and 
dabbling ducks, suppression of duckling srowth and survival is more 
pronounced on wetlands with fish than on wetlands without fish, 
especially on wetlands of marginal productivity and moderate levels of 
acidity. Although the results of Hunter et al. (1986) appeared to 
conflict with those of DesGranges and Rodrigue (1986), both agreed those 
differences probably resulted from disparate rates of regional wetlands 
productivity i.e. the threshold of invertebrate abundance at which fish 
competition becomes important was probably reached on the circwnneutral 
lakes in Maine but not in Quebec (DesGranges and Rodrisue (1986». 

OUr study at Lepreau showed that, although species diversity of 
aquatic invertebrates may be adversely affected by water acidity, total 
biomass appeared unaffected, at least in wetlands of pH ~ 5.0 (1. e. 
acid tolerant species increase in the absence of acid-intolerant species 
and in the absence of fish). Large aquatic invertebrate predators (eg. 
Belostomatidae, Dytiscidae) increase in the absence of fish. We did not 
study the relative availability (accessibility) of acid-tolerant vs. 
intolerant invertebrates, a factor of potential significance when 
evaluating these very complicated relationships. 

At Lepreau, we suggest that the abundance and availability of 
aquatic invertebrates were the most important factors influencing use of 
wetlands by Black Duck broods. As invertebrate abundance is a function 
of wetland productivity (nutrient release and inflow) and diversity and 
abundance of predatory fish, we suggest that attempts to evaluate the 
capability of wetlands to support insectivorous waterfowl from 
morphometric measurements alone are misdirected. 

Recent beaver flowages have long been recognized as prime Black 
Duck brood-rearing habitat. Periodic flooding and drainage of a wetland 
(which is what beaver activity represents) stimulates immediate nutrient 
release and increases in aquatic invertebrates, often preceding increases 
in numbers of fish. Those early years of a beaver flowage provide 
maximum benefits to breeding waterfowl, i.e. stable water levels, readily 
available cover and an abundant food supply of protein-rich aquatic 
invertebrates. 

Aside from beaver flowages, Black Duck broods at Lepreau were 
recorded on wetlands of almost any description, from large oligotrophic 
lakes to small acidic sphagnum ponds. Our limited sampling suggested, 
especially on wetlands with minimal water exchange, that the presence and 
absence of fish, and their effect on populations of aquatic 
invertebrates, represented the single most important factor influencing 
the presence or absence of Black Duck broods (also other insectivorous 
species such as the Hooded Merganser and Ring-necked Duck). On river 
systems where food sources are regularly replenished, and on larser lakes 
where brood mobility is larsely unrestricted, the correlation between 
brood and invertebrate biomass may be less clear. Black Ducks often nest 
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in areas far removed from invertebrate-rich-brood rearing sites. Travel 
down small feeder streams by young broods to a wetland abundant in 
invertbrates often results in several broods using a common wetland of 
1-2 ha in size. 

Although it has been demonstrated that increased water acidity 
can ultimately adversely affect production of insectivorous waterfowl, we 
do not believe that that situation presently exists at Lepreau . Most 
larger oligotrophic lakes had acidity levels of pH ~ 6.0, and the lower 
pH values on smaller wetlands were most likely of organic origin (in 
contrast to anthropogenic origin>. Densities of breeding waterfowl at 
Lepreau were believed depressed due to generally low densities of 
wetlands, a nutrient-poor substrate and low densities of active beaver 
flowages. We recognize the potential for increased wetland acidification 
at Lepreau but, in the near to intermediate term, do not see that as a 
threat to reduce further the production of insectivorous waterfowl. 
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Table 1. Hean size, alkalinity and water color of 79 wetlands within 4 acidity classes 

on Lepreau study area. 

Water acidity 

etass (pH) 

~ 6.0 

5.5 - .5 .. 9 

5.0 - 5.4 

5. 4.9 

No of 

wetlands 

18 

27 

23 

11 

X alkalinity 

(Ueq/l) 

40.1 ±. 19.2 

17.8 ± 7.6 

8.6 ±. 5.8 

-12.6 ±. 16.5 

X water 

colour (ReI. units) 

15.5 ±. 14.2 

14.0 ±. 21.8 

31.9 ±. 28.7 

66.0 ±. 33.4 

X Size 

(ha) 

100.2 ± 

45.5 ±. 

1.5 ±. 

3.4 ±. 

216.4 

51.3 

5.9 

2.6 

- ,---- .. _._', ----,--

...... 
00 
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Table 2. The numbers and densities of waterfowl. recorded on the Lepreau stud, area durinl helicopter surve,s on 

"a, 6, 1986, and "ay 9, 1987 (1987 data in parentheses). 

llwabers: 

Total 
1 Dendty 

2 Estimated pairs : 

Total 

DensHy 

1 2 density ~ number/100 ~ 

Black 

Duck 

Rins-necked 

Duck 

119 (153)3 171 (117)3 

18.8(2 •. 3) 27.1(18.6) 

52 (66) 

8.2(10.5) 

27 (30) 

•. 2( •. 8) 

2 estimated pair ~ aroupa of 1 and 2 only 

3 2 between-year difference sianificant (! >3.8.; ~<0.05) 

waterfowl Species 

COlllllOn 

"eraanser 

58 (60) 

9.2(9.5) 

18 (30) 

2.8( •. 8) 

Hooded 

"ersanser 

15 (39)3 

2.3(6.2) 

9 (21)3 

1..(3.3) 

Green-winsed 

Teal 

U (7) 

2.2(1.1) 

1 (5) 

0.1(0.8) 

Wood 

Duck 

2 (0) 

0.3(0) 

1 (0) 

0.1(0) 

Common 

Coldene,e Totale 

• (1) 383 (377) 

0.6(0.1) 60.8(59.8) 

o (1) 

0.0(0.1) 

108 (152)3 

17.1(2 •. 3) 

~ 
\0 
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Table 3. The number of brood. of waterfowl ob.erved on the Lepreeu .tud, area in 1986 and 1987 and potential brood. from Ma, .eri.l .urve, •• 

Totel brood. inelude new brood. reeorded durins mid-Jul, aerial brood .urve,. Al.o .hown ere Chi-.quare value. (exelude. 

Creen-winsed Teal and Wood Duek. a. expeeted eell. < 5) eomparins breed ins pair. eounted durins earl, Ma, aerial aurve, (expeeted 

pereentase.) with ob.erved brood produetlon (pereentase. in parenthe.e.). 

Pair. ..en in "a, 

(exp.eted brood.) 

Brood. .een 1n "a1-

July 

(ob.erved brood.) 

2 
~ v.lue. 

1986 

1987 

1986 

1987 

1986 

1987 

Blaek 

Duek 

52(·U.2) 

66(U .• ) 

64(53.2) 

65(55.1) 

1.14 

3.8. 

Rins-neeked 

Duek 

27(25.0) 

30(19.7) 

2.(18.9) 

11(9.3) 

1.68 

6.26 

Waterfowl Spee1e. 

COIIIIIOn 

Mersan.er 

18(16.7) 

30(19.7) 

21(18.0) 

19(16.1) 

0.05 

0.69 

Hooded 

Mel"lan.er 

9(8.3) 

21(13.9) 

8(6.3) 

14(11.9) 

0 .• 0 

0.25 

Creen-w1nsed 

Teal 

1(0.9) 

5(3.3) 

.(2.7) 

.(3 .• ) 

expeeted eeU. 

Wood 

Duek 

1(0.9) 

2(0.9) 

5( •. 2) 

< 5 

Totals 

108 

152 

123 

118 

3.27 

11.0. 

-

~ > 0.05 

~ < 0.02 

.. 

N 
o 
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i Table 4. Estimated densities (number./lOO km ) of breed in, pair. and brood. of the 6 major epeeie. of waterfowl breed in, in 

the Lepreau study area in 1986 and 1987 (1987 in parenthesis). 

Waterfowl s2ecies 

DensitJ Black Rin&-necked COll1llon Hooded Green-win&ed Wood Total 
2 (no/100 bI ) Duck Duck "er&anser "er&ansar Teal Duck Waterfowl 

Breeclin& pairs 
1. 

8.2 (10.4) 4.2 (4.7) 2.8 (4.7) 1.4 (3.3) 0.1 (0.8) 0.1 ( - ) 17.1 (24.1) 

Broods2 . 10 . 1 (10.3) 3.4 (1.7) 3.3 (3.0) 1.2 (2.2) 0 . 6 (0.6) 0.3 (0.8) 19.2 (18 . 7) 

1. 
fro. "aJ helicopter surveJ 

2. 
fro. "ay-July around survays + July helicopter brood surveys 

N ...... 



Table 5. Distribution of waterfowl broods amons wetlands of varyins acidity (1986. 1981 observations combined). 

No. of Phcivores Insectivores/Omnivores 

Wetland Wetlands Frequency No. of Broodsl Frequency Iro. of Broodsl 

acidity (pH) (n) of occurrence Broods 
1. 

Wetland of occurrence Broods 
2. 

Wetland 

~6.0 17 0.41 17 1.00 O.U 31 1.82 

5.5-5.9 28 0.50 3. 1.21 0.57 39 1.39 

5.0-5 .• 23 0.0. 2 0.08 0 .• 3 21 0.91 

•. 5-•. 9 11 0.09 1 0.09 0.63 17 1.5. 

Totals 79 0.29 5. 0.68 0.51 108 1.36 N 
N 

1. 2 ! · 31.30; 2< 0.001 

2. !2.. 5.31; 2> 0.05 

-
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Table 6. Observed and expected frequencies of waterfowl b~oods by wetlands alze elassea on Lep~eau 

atudy a~ea in 1986 and 1987. 

Waterfowl Wetland size cla •• es {hal Total 

Species ~2 >2 ~5 >5~10 >10 Broods ·l 

Black Duck 0 14 35 25 43 117 0.67 

e 16.9 35.4 24.2 40.5 

RR Duck 0 0 5 11 17 33 12.55** 

e 4.8 10.0 6.8 11.4 

N 
H. "erlanser 0 3 8 5 6 22 0.59 v.> 

e 3.2 6.7 4.6 7.5 

C. "er&anser 0 3 3 5 25 36 20.20** 

e 5.2 10.9 7.5 12.4 

- P. <0.01 



Table 1. Use of wetland size classes by breeding loons (1986 and 1981 combined) 

Wetland size class ~hal 

>10 <20 20-50 51-100 ~101 n 

Available wetlands no. 19 19 8 4 50 

to 38.0 38.0 16.0 8.0 

Breeding loons 0 2 15 11 5 33 

e 12.54 12.54 5.28 2.64 

*~<0.005 

- - .. 

.,/ 

17.62* 
N 
~ 
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Table 8, Distribution of brood sizes amonK ate classes for the 4 most common species of waterfowl breedinK in the 

Lepreau study area in 1986 and 1987, 

A&e Class 

1a 1b 1c 2a 2b 2c lIt 

Black Duck !l 24 33 21 19 11 CJ 6 

~ 5.91a ,1 5.63 5.28 3.31
a 

5.5" 5.11 ".50 

~ 2.60 2.10 3.03 1.85 2 . 29 1.90 2.07 

RinK-necked Duck !l 18 12 3 

~ 
7 . 22a ,2,3 " . 91

a 
5.33 

N 

~ 2.53 1.67 1.52 VI 

Common MerKanser !l 12 1" 6 2 2 2 

~ 
9 . 331 ,2,,, 7.28 6.83 9 . 00 3.50 " . 00 

~ 2.87 ".06 3.43 2.82 0.70 2.82 

Hooded MerKanser !l 7 " 6 3 1 1 

II 5.003 ,,, 5.50 " . 50 5.66 5.00 7. 00 

~ 1.06 2.38 2."2 1.52 

a 
intraspecific means with similar letters siKnificantly different (~ - test; ~<0 . 05). 

1 -
interspecific means with similar numerals significantly different (~ - test; ~<0.05). 



Table 9a. Individual b~ood •• expo.u~e time. lo •• es and estimated .urvival rate. for juvenile Blaek Duek. in the 
Lepreau study area. Kay-July, 1986 (The Kayfield method (1975) for .stimatins nest succe •• a. applied to 
juvenile Black Duck survival in Kaine by Rinselman and Lonscore 1982) • 

No. of Averase time between Total exposure Total Daily survival rat •• (.) 

Brood Bishtlnss siShtinss (days) (ducklins days) losses ± 957. C.I. 
1. 

1 4 15.6 216.0 6 .9722 ±. .0223 

2 5 12.0 311.0 3 .9903 ± .0110 

3 2 ".0 308.0 6 .9805 ± .0156 

4 3 15.0 88.0 4 .9545 ±. .0442 

5 2 43.0 78.0 0 1.0000 

6 2 32.0 U4.0 1 .9930 ± .0138 

7 2 30.0 135.0 1 .9926 + .OU6 N - a-
8 2 23.0 129.0 5 .9612 ±. .0339 

9 2 32.0 U4.0 3 .9791 ±. .0237 

10 3 10.0 85.0 6 .9294 ±. .0555 

11 2 20.0 100.0 0 1.0000 

12 2 17.0 95.0 3 .9684 ±. .0358 

13 2 13.0 71.5 1 .9860 ±. .0277 

U 2 15.0 67.5 3 .9555 ±. .0501 

15 2 14.0 70.0 2 .9714 ±. .0397 

16 2 12.0 48.0 0 1.0000 

Totals 39 19.1 2090 44 .9789 ±. .0062 

1. 
after Johnson 1979 

- - -- - .. - -
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Table 9b. Individual brood., expo.ure time, losse. and e.timated .urvival rate. for juvenile Blaek Duek. in the 

Lepreau .tudy area, May-July, 1987 (The Mayfield method (1975) for e.timatins ne.t .ueee •• a. 
applied to juvenile Black Duck survival in Maine by Rinselman and Lonseore 1982). 

Ro. of Averase time between Total exposure Total Daily .urvival ratea(a) 

Brood BiShtlnss siShtinss (days) (ducklins days) 108ses ± 95~ C.I. 
1. 

1 2 42 231 3 .9870 ± .01"8 

2 2 45 407 4 .9901 ± .0091 

3 3 22 174 6 .9655 ± .0276 

4 2 19 51 0 1.0000 

5 2 34 238 0 1.0000 

6 3 16 138 5 .9631 ± .0318 
N 

7 4 14 99 2 .9791 ± .0282 -..J 

8 3 15 245 2 .9918 ± .011" 

9 2 30 150 2 .9866 ± .0181 

10 3 15 253 1 .9960 ± .0078 

11 2 27 189 3 .9841 ± .0181 

12 2 19 133 0 1.0000 

13 2 15 75 0 1.0000 

1" 2 13 10" 2 .9801 ± .0269 

15 2 12 48 2 .9583 ± .0576 

Totals 36 22.5 2541 32 .9874 ± .0022 

1. 
after Johnson 1979 



Table 10. Mean number. and dried wei&ht. of common aquatic invert.brat •• for wet1.nd •• ampl.d within 4 .cidi~J cl ••••• 

(numbers (wt. in ms.». 

Wetl.nd Common invertebrate t.x. 

• cidit, Alllphipoda Odonata Coleopt.r. Dipt.r. P.l.cypod • 

cl ••• (g) !phem.ropt.r. H .... ipter. Trichopt.r. Ac.rina Tot.ale 

~6.0 7 50.7 U.4 71.2 135.8 13.5 25.1 44.0 15.8 7.4 406.9 

(12.4) (46.7) (639.3) (281. 7) (27.1) (76.4) (22.7) (11.3) (19.1) (1136.1) 

5.5-5.9 l2 74.1 23.9 56.2 41.5 6.6 31.5 41.2 23.9 2.9 301.8 N 
(Xl 

(21. 9) (54.4) (627.8) (103.4) (68.5) (84.4) (14.4) (14.6) (23.6) (1013.0) I 

5.0-5.4 11 47.1 8.7 76.3 48.3 22.4 33.1 41.0 30.4 2.3 310.2 

(15.8) (18.2) (1125.4) (157.1) (205.1) (68.5) (20.7) (15.0) (9.9) (1635.7) 

4.5-•. 9 • 1.7 3.5 l20.5 65.5 2 •. 0 23.0 5 •. 7 2 •. 7 317 .6 

(0 .• ) (9 .• ) (1484.0) (341.2) (172.0) (59.5) (12.9) (11.3) (2090.7) 

- - - - - - - -
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Table 11. Kruskal-Wallis H values for numbers and biomass·(mg) for 

common invertebrate taxa within wetland acidity classes. 

Invertebrate H values 

Taxa lJumbers Biomass 

Odonata 1.89 2.48 

Trichoptera 0.80 2.13 

Diptera 1.14 0.19 

Hemiptera 1.88 3.53 

Bphemeroptera 5.21 2.63 

Amphipoda 8.14* 1.81* 

*p < 0.05 
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Table 12. The number and percenta&e of wetlands occupied by fish species for 

those wetlands sampled in the Lepreau study area, 1987. 

Fish species Fiah occurrence (n = 35) 

Common name Scientific name Bo. ,. 
1. Eastern brook trout Salvelinus fontinalis 5 14.2 

2. Brown bullhead Ictalurus nebulosus 9 25.7 

3. White sucker Catostomus commersoni 8 22.8 

•• Yellow perch Perca flavescens 1 2.8 

5. Golden shiner Botemi&onus crysoleucas 12 34.2 

6. Common shiner Botropis cornutus 1 2.8 

7. Borthern red-belly dace Chrosomus eos 10 28.5 

8. Creek c:hub Semotilus atromaculatus 4 11.4 

9. . Banded killifish Fundulus diaphanus 2 5.7 

10. Binespine stic:kleback Pun&itius punsitius 4 11.4 

11. American eel Ansuilla rostrata 2 5.7 

Fish absent 11 31.4 

Fish present 24 68.6 

I 

I 

I 

I 
I 

I 
I 
I 
I 
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Table 13. Mean size (ha) for wetlands with and without fish within water 

acidity classes (sample size in parenthesis). 

Fish present 

Fish absent 

Total 

pH ~ 6.0 

182.5 (8) 

3.2 (2) 

Water acidity 

pH 5.5-5.9 pH 5.0-5.4 pH 4.5-4.9 Totals 

54.6 (10) 

5.6 ( 3) 

1.0 (6) 

3.3 (3) 

85.3 (24) 

5.1 (3) 4.6 (11) 

146.6 (10) 43.2 (13) 5.8 (9) 5.1 (3) 59.9 (35) 
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Table 14. Mean numbers of fish trapped on wetlands of variable levels of 

acidity. 

Water aciditI 

pH ~ 6.0 pH 5.5-5.9 pH 5.0-5 .• pH •. 5-•. 9 

Fish species (!l • 10) (!l • 13) (!l • 9) (!l ., 3) 

1- Specked trout 0.20 0.01 0.55 

2. Brown bullhead 2.50 12.38 0.33 

3. White sucker 6 .• 0 0.69 

•• Yellow perch 2 .• 0 

5. Colden shiner 2.90 38.61 0.33 

6. COIIIIlon shiner 2.61 

7. 80rthern Redbelly 23.10 2.38 0.55 

8. Creek chub 3.20 0.01 

9. Banded killifish •. 90 

10. 8inespine stickleback 0.01 6.33 

1l. American eel 0.15 

Totals U.20 51.03 8.09 0.00 

~ occurrence fish 0.80 0.11 0.61 0.00 

I 
I 

I 

I 

I 

I 
I 
I 
I 

I 
I 
I 
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Table 15. Comparative mean dried weiKhts (mK) of aquatic invertebrates from wetlands with and without fish. 

pH ~ 6.01 

l'hh present 720 ± 370 (4) 

l'hh ab •• nt 2589 ± 343 (2) 

Wetland aeldity 

pH 5.5-5.9 

745 ± 447 (7) 

2319 ± 1295 (3) 

1 
pH 5.0-5.4 pH 4.5-4.9 pH , 1 Totals 

1244 ± 950 (6) 1329 ± 332 (3) 977 ± 640 (20) 

3177 ± 1190 (3) 9622 ± 759 (3) 3020 ± 2222 (5) 2828 ± 1514 (13) 

1 mean wt. of aquatic invertebrates si~nificantly ~reater (2 ~ 0.05) in fishless wetlands (Student'. "t" test). 
2 not included in total mean wts. as acidity levels apparently affectin~ invertebrate abundance. 

w 
w 
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Figure 1. Proportionate changes in numbers of invertebrates for common 
taxa on wetlands of different water acidity. 
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Figure 2. Proportionate changes in weights of invertebrates for common 
taxa on wetlands of difierent water acidity . 
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Figure 3. Relationship between brood abundance and aquatic invertebrate 
biomass. 
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Relationship between waterfowl production and aquatic 
invertebrate biomass on fishless lakes sampled on 
Lepreau study area. 
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