
Waterfowl production on three age-classes of stock ponds in northcentral Montana
by Michael Scott Hudson

A thesis submitted in partial fulfillment of the requirements for the degree of MASTER OF SCIENCE
in Fish and Wildlife Management
Montana State University
© Copyright by Michael Scott Hudson (1980)

Abstract:
Waterfowl use and productivity was studied on 27 stock ponds of 3 age-classes (0-5 years, 6-10 years,
and 11+ years) in northcentral Montana during 1978 and 1979. Physical and vegetational features of
the ponds were also studied. Breeding pair distribution was primarily a function of pond size rather
than pond age or other measured habitat features. Brood distribution was determined principally by the
availability of food and cover. Brood densities were highest on ponds with emergent vegetation
covering over 30% of their area, submerged vegetation covering over 20% of their area, and with less
than 10% of their shoreline bare. At least 5 years are required for stock ponds in this area to approach
these levels of vegetational development. Stock ponds over 5 years of age were characterized by
significantly greater (P<0.05) amounts of emergent vegetation, more submerged vegetation, and
significantly less (P<0.05) bare shoreline, and supported higher brood densities than younger ponds.
The average transient brood ratio for ponds 0 to 5 years of age was significantly higher (P<0.05) than
for older ponds and indicated that a high proportion of broods emigrated away from young ponds,
apparently due to their lack of food and cover. Brood densities were also highest on ponds of
intermediate- size (0.51-1.50 ha), those with irregular shorelines, and those with over 40% of their area
less than 61 cm deep. Ponds with these physical features can often be obtained with only a minor shift
in the location of a stock pond dike at the time of construction. 
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ABSTRACT

Waterfowl use and productivity was studied on 27 stock ponds of 3 
age-classes (0-5 years, 6-10 years, and 11+ years) in northcentral' 
Montana during 1978 and 1979. Physical and vegetational features of 
the ponds were also studied. Breeding pair distribution was primarily 
a function of pond size rather than pond age or other measured habitat 
features. Brood distribution was determined principally by the avail
ability of food and cover. Brood densities were highest on ponds with 
emergent vegetation covering over 30% of their area, submerged vegeta
tion covering over 20% of their area, and with less than 10% of their 
shoreline bare. At least 5 years are required for stock ponds in this 
area to approach these levels of vegetational development. Stock ponds 
over 5 years of age were characterized by significantly greater 
(P<0.05) amounts of emergent vegetation, more submerged vegetation, and 
significantly less (P<0.05) bare shoreline, and supported higher brood 
densities than younger ponds. The average transient brood ratio for 
ponds 0 to 5 years of age was significantly higher (P<0.05) than for 
older ponds and indicated that a high proportion of broods emigrated 
away from young ponds, apparently due to their lack of food and cover. 
Brood densities were also highest on ponds of intermediate■size (0.51- 
1.50 ha), those with irregular shorelines, and those with over 40% of 
their area less than 61 cm deep. Ponds with these physical features 
can often be obtained with only a minor shift in the location of a 
stock pond dike at the time of construction.
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INTRODUCTION

Stock ponds have been built in Phillips County, Montana by the 

U.S„ Bureau of Land Management (BLM) since the 1930's primarily to 

supply water for livestock and distribute grazing pressure on range- 

lands o Their development also holds potential for regionally increas- ■ 

ing waterfowl production in the northern Great Plains (Bue et al. 1952, 

Smith 1953, Bue et al. 1964). With wetland drainage acting to reduce 

waterfowl breeding habitat in areas such as the prairie pothole region 

of North America (Burwell and Sugden 1964, Aus 1969), stock ponds may 

become increasingly important to waterfowl production.

The value of an individual stock pond to waterfowl may be a func

tion of its age, because a period of time may be needed for it to 

develop the vegetation and food necessary to attract waterfowl.

Gjersing (1971) noted that newly built ponds in northcentral Montana 

had little brood production. Lokemoen (1973) found that both breeding 

pair numbers and brood use were significantly greater on stock ponds 

in North Dakota over 5 years of age than on younger ponds. Uhlig 

(1963) found that waterfowl use of ponds in Minnesota was greater on 

those over 2 years of age.

This study was conducted to compare waterfowl use and productivity 

with physical and vegetational features on 27 stock ponds of 3 age- 

classes » Field research was conducted in Phillips County, northcentral 

Montana during the summer of 1978 and the spring and summer of 1979.



DESCRIPTION OF STUDY AREA

The 27 stock ponds studied were located in southcentral Phillips

County (Figure I). This area consists of rolling plains dissected by

deeply entrenched streams and coulees. Rough, broken land is found

along most of the streams and in the more feebly glaciated areas

(Gieseker 19.26) . In 1978 the number of man-made ponds within the
2general study area averaged 1/2.6 km .

The climate is semiarid, characterized by low rainfall, great 

temperature extremes, and .IowkumidTty--./Gieseker 1926). The mean 

annual temperature is 6.0 C (42.8 F) and the mean annual precipitation 

is 30.1 cm (11.84 in). Most of this precipitation (20.4 cm) occurs 

during January-July. Above normal precipitation in 1978 (+53%) and 

during January-July 1979 (+33%) provided excellent conditions for 

waterfowl production throughout the study.

■ All 27 stock ponds selected for this study were of retention or 

pit-retention type construction, between Oo24 and 4.61 ha, and located 

on grassland cover type's. Retention reservoirs consist of a diked 

natural drainage way which collects snow melt and spring runoff. Pit- 

retention reservoirs are a dike-dugout combination in which runoff 

water collects in the pit and, during.high water years, floods into 

the surrounding area.

Twenty one of the study ponds were located on a Phillips-Elloam- 

Slickspot soil association with 0 to 8% slopes. These soils are
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Figure I. Map of Phillips County, Montana showing location of study 
ponds.
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generally deep, well drained with a loam surface layer and a clay or 

clay loam subsoil. Permeability is slow to very slow. The remaining 

6 ponds were located on Phillips-Elloam, Kevin-Phillips, Elloam-Theony, 

or Telstad-Joplin soil associations (BLM unpublished data).

The grassland cover, types associated with the selected study ponds 

were dominated by western wheatgrass (Agropypon Snrtth-L1L), blue grama 

(Bouteloua gvac-Ulis), needle-and-thread (Stipa comata), junegrass . 

(Koteria ovistata), and desert saltgrass (D-Lst-LahZis striata). Impor

tant forb species included fringed sagewort (Artemisia frigida), plains 

prickly pear (Opuntia poZyaantha), plantain (PZantago spp.) , yarrow 

(AahiZZes miZZefoZiim)., and silver-leaf scurfpea (PsoraZea argophyZZa). 

Shrubs, which occurred in a scattered distribution on some upland sites, 

included silver sagebrush (Artemisia cana) and big sagebrush (Artemisia 

tridentata). Dense growths of rose (Rosa spp.) and western snowberry 

(Sytnphoriaarpos ocaidentaZis) were found in moist areas such as along 

natural drainage ways.

Vegetation associated with the stock ponds comprised 3 rather 

distinct zones: submerged, emergent, and riparian. The principal sub

merged plants included pondweed (Potamogeton spp.), water milfoil 

(MyrifOphyZZim exaZbescens), coontail (CeratophyZZum demersum), water- 

weed (EZodea canadensis)-, aquatic buttercup (Ranunculus aquatiZis), 

and filamentous algae.
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Longspike spikerush (.Eleochavis maorostachyd) , which occurred in 

dense stands throughout the shallow areas of most reservoirs, was the 

dominant species of the emergent zone. Giant bulrush (Seivpus 

validus), common cattail (Typha latifolid), arrowleaf (Saggittavia 

spp.), water plantain (Alisma spp.) , and water smartweed (Polygonum 

oooaineum) were also present in the emergent zone but rarely occurred 

as dense stands.

The riparian zone consisted of a mixture of grasslike species, 

dominated by foxtail barley (Hovdeum jubatum), tufted hairgrass 

(Deschampsia caespitosa), and sedge (Cavex spp.). Additional species 

that often occurred in this zone included bluegrass (Poa spp.), rush 

(Juneus spp.), American sloughgrass (Beckmannia syzigachne), and dock 

(Rumex spp.). Since water levels fluctuated throughout the growing 

season, the boundary between the emergent and riparian zones was not 

well-defined. Needle-spikerush (Eleochavis aoioulavis) commonly 

occurred on exposed mudflat areas as water levels receded during the 

summer months.

Cattle grazing was the primary land use on uplands surrounding 

the study ponds, although 7 ponds were located within 1.6 km (I mi) of 

cultivated fields containing small grains or alfalfa.



METHODS

Ponds were selected for study during the summer of 1978. Criteria 

were: (I) known age, (2) retention or pit-retention type construction, 

(3) grassland cover type on adjacent uplands, (4.) size between 0.2 and 

5.0 ha, and (5) surrounding topography with gradual to moderate slopes 

(0 to 20%). Age was determined from records of the BLM area office in 

Malta or from interviews with landowners.

Study points were grouped into 3 age-classes: class I - 0 to 5 

years; class II - 6 to 10 years; and class III - over 10 years since 

initially filled. There were 8 ponds in class I, 9 in class II, and 

10 in class III.

Ponds were visited at 4- to 12-day intervals from 17 April to 30 

July 1979. During each visit, water turbidity was described on a scale 

from I (clear) to 5 (very turbid). An average turbidity for each pond 

was calculated based on descriptions from all visits. Grazing pressure 

(heavy, moderate, light, or none) and shoreline condition (percent bare 

and percent trampled) were also estimated visually during each visit. 

Average condition ratings were computed for the period prior to 15 

June, which roughly coincided with pair use, and for the period after 

15 June, which roughly coincided with brood use.

During early April a 3-sided cover board described by Jones (1968) 

was used to measure residual cover on uplands surrounding the study 

ponds. Four 100-m transects positioned perpendicular to the shoreline 

were randomly located at each pond. The cover board was set up at 10-m
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intervals along the transects, and each of the 3 panels was read from 

a distance of 9 m away with the observer's eye 15 cm above the ground.

A total of 40 setups (10 per transect) was used to characterize the 

residual cover at each pond.

The percent canopy coverage (Daubenmire 1959) of upland vegetation 

surrounding each pond was determined during early July.. Four 100-m 

transects positioned perpendicular to the shoreline were randomly 

located at each pond. A 2x5 dm frame was placed at 10-m intervals 

along the transects. Within the frame the percent coverage of grasses, 

forbs, shrubs, and bare ground and/or litter was visually estimated 

and recorded into I of 6 classes: I = 0-5%, 2 = 5-25%, 3 = 25-50%,

4 = 50-75%, 5 =75-95%, and 6 = 95-100%. The midpoint of each class 

was used in data tabulations. The maximum height of vegetation within 

the frame was measured at each sample site.

Color-infrared aerial photographs were taken of the study ponds 

on 11 July 1979. Ponds were mapped from the photos and cover-typed 

with the aid of ground truths. Total pond size, the area less than 

61 cm deep, and the area of the submerged and emergent zones were 

measured with a planimeter. Shoreline length of each pond was measured 

with a cartometer. Shoreline development was calculated by dividing 

the actual perimeter of a pond by the circumference of a circle with an 

area equal that of the pond (Wetzel 1975). The distance from each
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Breeding pair counts were conducted at 4- to 10-day intervals 

from 17 April to 15 June 1979. At least 11 visits were made•to each 

pond during this period. Pairs and lone males which indicated pairs 

(Hammond 1969) were counted to estimate the breeding populations on 

each pond. Counts from all visits or from visits during the periods 

of heaviest pair use were averaged for each species.

Waterfowl nests encountered in the vicinity of the study ponds 

were noted, although no intensive nest search was made. For each nest 

found, the following information was recorded: species of duck, clutch 

size, distance to water, and fate.

Brood counts were made at each pond from 20 May to 30 July 1979 

at 4- to 12-day intervals. At least 12 visits were made to each pond 

during this period. Species, number of young, and plumage class were 

recorded for each brood observed. Brood populations were analyzed by 

2 methods. First, brood production was calculated as outlined in 

Gollpp and Marshall (1954). Broods observed only once and/or those 

that spent less than a week on the pond were considered transient 

broods. Transient broods were not included in the calculation of pro

duction figures. Second, an index of total brood use was calculated 

for each pond by summing the number of brood observations made during

study pond to the nearest adjacent water body was determined from maps

of the area.

all visits.



9

Productivity rates were obtained by dividing the number of broods 

by the number of breeding pairs that utilized each pond. A transient 

brood ratio was calculated for each pond by dividing the number of 

transient broods observed by the number of resident broods plus 

transients. A ratio of I would indicate that all broods observed were 

transients, while a ratio of 0 would indicate that none were transients.

During late July and mid-August 1979 qualitative samples of 

aquatic macroinvertebrates were taken. Samples were collected with a 

dip net 45 cm in diameter. A standardized sweep at a depth of approxi

mately 30-60 cm was used to sample 4 locations in each pond. Samples 

were preserved in a 10% formalin solution. In the laboratory macro

invertebrates were identified to genus, family, or the lowest possible 

taxon using keys by Merritt and Cummins (1978), Pennak (1978),

Roemhild (1975), and Wiggins (1976). Jaccard coefficients (Brower and 

Zar 1977) were computed for each age-class of ponds and used to compare 

community similarity= ^

Analysis of variance and the Student-Newman-Keuls procedure 

(Sokal and Rohlf 1969) was used to test for significant differences 

among means of waterfowl numbers and measured habitat parameters.



RESULTS

Pond Characteristics

Age and total area of each study pond are listed by age-class in 

Table I. The mean ages for classes I, II, and III were 3.8, 8.4, and 

28.4 years respectively. Ponds in age-classes I, II, and III averaged 

1.00, 1.61, and 1.10 ha respectively and did not differ significantly 

(P>0.05) in size. Construction year and type, associated soil type, 

associated land use and location of each pond are included in Appendix 

Table 18.

The emergent zones of ponds in age-classes II and III averaged 216- 

250% larger than those of ponds in age-class I (Table 2), and differ

ences were significant (P<0.01). The percent area less than 61 cm deep 

represented the shallow area of a pond that would potentially support 

emergent vegetation. In contrast to the emergent zone, this shallow 

area varied by less than 40% between all age-classes, and differences 

were not significant (P>0.05).

For each age-class a Student’s t-test for paired observations 

(Sokal and Rohlf 1969) was conducted to test for differences between 

the percent area of emergent zone and the percent area less than 61 cm 

deep in each pond. For age-class I ponds significant differences 

(P<0„01) were found between these areas, while for age-class III ponds 

differences were not significant (P>0.20). This indicated that the 

emergent zones of age-class III ponds were fully developed, while those 

of age-class I ponds were not. The t-test for age-class II ponds



Table I. Age-class, age, and total area of each study pond in Phillips County, Montana, 
.197.9..

Age-class I Age-class II Age-class III

Study.Pond
Age
(yrs)

Area
(ha) Study Pond

Age
(yrs)

Area
(ha) Study Pond

Age
(yrs)

Area
(ha)

I-I-Rack 5 0.71 II-I-Pot Roast 7 2.29 III-I-State North 30* '1.05
I-2-Easement 3 0.93 II-2-Smorguts 7 0.42 IIIT-2-PR309 32 0.42
I-r3-Rotten 5 1.04 II-3-Empire 10 2.31 III-3-PR291 33 0.72
I-4-Rick 3 0.24 II-4-Blatter’s 7 1.66 III-4-State East 30* 1.25
I-5-Grunt 3 0.61 II-5-Blackdog 10 4.61 III-5-Airport 18 0.69
I-6-Forks 4 1.52 II-6-Longjump 10 0.64 III-6-Mels 13 1.80
I-7-Simanton 4 1.09 II-7-Dale 8 0.89 III-7-PR313 32 ■ 1.76
I-8-Little Goose 3 1.85 II-8-State South 7 1.03 III-8-Multiple 36 1.23

II-9-NO. Two 10 0.61 III-9-West Al 30* 0.78
III-IO-Willie's 30* 1.32

Average 3.8 1.00 8.4 1.61 28.4 1.10

Age estimated from records and maps.
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Table 2. Average measurements of selected habitat parameters for three 

age-classes of stock ponds in Phillips County, Montana, 1979.

Habitat parameter I
Age-class

II III

Percent area of emergent zone 12a* 38b 42b

Percent area < 61 cm deep 33 42 46

Percent area of submerged zone ' ioc+ 16 26d .

Residual cover oh uplands (percent 
of visual obstruction) 61 59 60

Upland cover
Percent grasses 45.6 43.9 45.3
Percent forbs 35.4° 31.5 27.3d
Percent bare +/or litter 16.0 22.0 24.3
Mean max. height (dm) 2.9 2.8 2.6

Water turbidity
(I = clear; 5 = very turbid) 2.4 2.3 2.4

Distance.to nearest water body (km) 0.6 0.8 0.9

a and b are significantly different at the 99% level.

+c and d are significantly different at the 95% level (compared in 
horizontal rows only).

suggested that the emergent zones of these ponds were at an intermediate 

stage of development.

A similar trend was found between stock pond age and the develop

ment of submerged vegetation (Table 2). On the average, ponds in the 

oldest age-class had a significantly greater (P<0.05) percent area of
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submerged vegetation than ponds in the youngest age-class.

Average measurements of residual cover, water turbidity, and 

distance to the nearest adjacent water body did not vary significantly 

(P>0.05) between the 3 age-classes of ponds (Table 2). On uplands 

surrpunding the study ponds the percent canopy coverage of grasses and 

of bare ground and/or litter and the mean maximum height of vegetation 

were essentially similar (P>0.05) for all 3 age-classes of ponds. How

ever, forbs comprised a significantly greater (P<0.05) proportion of 

the upland cover surrounding class I ponds than that surrounding class 

III ponds.

Average shoreline development ratios for the 3 age-classes of 

ponds varied by only 15% (Table 3) and differences were not significant 

(P>0.10). As water levels receded during the summer months, the 

average percent, of bare shoreline increased for all 3 age-classes 

between the pair use period (prior to 15 June) and the brood use period 

(after 15 June). However, the percent of bare shoreline increased 

184% on age-class I ponds, while increasing only 79% and 43% on ponds 

in age-classes II and III respectively. Furthermore, the percent of 

bare shoreline was significantly greater (P<0.05) on age-class I ponds 

than on age-class II and III ponds during both the pair use and brood 

use periods. As grazing pressure intensified during the summer months, 

the average percent of trampled shoreline increased between the pair 

use period and the brood use period for all 3 age-classes. However,
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Table 3. Average measurements of shoreline characteristics for three 
age-classes of stock ponds in Phillips County, Montana, 1979.

Shoreline characteristic I
Age-class

II III

Shoreline development ratio 1.60 1.84 1.84

Percent bare - prior to 15 June 20.6** 6o2b 6.Ob

Percent bare - after 15 June 58.5* 11.Ib 8.6b

Percent trampled - prior to 15 June 10.1 4.4 9.4

Percent trampled - after 15 June 38.6 20.0 25.8

a and b are significantly different at the 95% level (compared in 
horizontal rows only).

during both periods the percent of trampled shoreline was essentially 

similar (P>0.05) between age-classes. This suggests that throughout 

the study grazing pressure was relatively comparable for all 3 age- 

classes of ponds.

Breeding Pairs

The duck breeding population on the study ponds consisted prima

rily of dabbler species including mallards {Anas platyrhynchos), 

pintails (A. acuta), American widgeon (A. americana), gadwalls (A. 

stvepera), northern shovelers (A. ctypeata), blue-winged teal (A. 

discovs), cinnamon teal (A. cyanoptera), and American green-winged 

teal (A. cvecca). Diving ducks that were present as breeders included 

lesser scaup (Aythya affinis), redheads (A. americana), and ruddy ducks
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(Oxyura jamai-censis). Canvasbacks (A. valistneria) were not found on 

the study ponds as breeders, although they did breed on other ponds in 

the area. Common goldeneye (.Bueefihala clangula) , buffleheads (B. 

albeola), and ring-necked ducks (A. collavis) were seen on the study 

ponds as spring migrants.

Species composition of the breeding pair populations for the 3 

age-classes of ponds is presented in Table 4. Widgeon, gadwalls, and 

shovelers were the most abundant species on age-class I ponds, while 

pintails, widgeon, and blue-winged teal were most abundant on age-class

II and III ponds. Pintails and gadwalls showed the greatest differences 

in percent composition between age-classes. Pintails comprised 18% and 

20% of the breeding pair, populations for age-classes II and III 

respectively, compared to only 12% for age-class I ponds. Gadwalls 

comprised 15% of the breeding pairs on age-class I ponds, compared to 

only 8% and 9% of the populations in age-classes II and III respec

tively.

Pond age appeared to have little influence on the total numbers 

of breeding pairs/pond and total pair densities (Table 4). Age-class

III ponds had the highest number of pairs/pond, while age-class I ponds, 

had t%ie greatest number of pairs/ha and /100 m of shoreline. However, 

differences between the 3 age-classes were not significant (P>0.05).

Of the habitat features measured, breeding pair numbers were most 

closely related to pond size. The average number of pairs/pond



Table 4. Species composition of breeding pair populations for three age-classes of stock 
ponds in .Phillips. County., Montana, 1979.

Pairs of ducks Percent composition
Age-class Age-class Totals

Species I ' TI in. I II. III No. Percent

Mallard 12 ■ 16 18 9 12 10 46 10
Pintail 16 25 38 12 18 20 79 17
Widgeon 20 20 27 15 14 ' 14 67 15
Gadwall 19 11 16 15 8 9 46 10
Northern Shoveler 20 18 ' 23 15 13 12 61 13
B. W. Teal 14 20 27 11 14 14 61 13
Cinnamon Teal. - - 3 - - 2 3 I
G. W. Teal 12 . 10 15 9 7 8 37 8
Lesser Scaup 16 13 17 . 12 9 9 46 10
Ruddy Duck - 3 I - 2 I 4 I
Redhead I .3 3 I 2 2 7 2.

Totals 130 139 188 99 99 101 457 ■' 100
Pairs/pond 16.2 15.4 18.8
Pairs/ha 18.2 13.1 18.0
Pairs/100 m of shoreline 3.0 2:0 2.9
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increased as total pond area increased (Table 5). However, this 

increase in pair numbers was not in proportion to the increase .in pond 

area0 Greater pair densities were found on smaller ponds, even though 

more breeding pairs were present on larger ponds. Similar trends 

between pair use and stock pond size were found by Smith (1953) in 

eastern Montana and Lokemoen (1973) in North Dakota.

Table 5. Breeding pair numbers related to pond size for 27 stock ponds 
in Phillips County, Montana, 1979.

Total pond 
area (ha)

Number of 
ponds

Average no. 
pairs/pond

Average no. 
pairs/ha

0.24-0.50 3 9.0 26.8
0.51-1.00 . 9 12.5 17.6
1.01-1.50 7 18.3 16.0
1.51-2.00 5 23.8 13.7
2.01+ 3 23.3 7.8

Waterfowl Nests

Nest success was 56% for 25 duck nests found in the vicinity of 

the study ponds. (Table 6). This is similar to the average success 

rate of 60% that Kalmbach (1939) reported for waterfowl based on 22 

studies. All 11 unsuccessful nests were apparently destroyed by 

predators. Successful nests had an average clutch size of 10.1 eggs 

and hatched an average of 9.5 ducklings. Distance from water to the



Table 6. Characteristics of successful and unsuccessful duck nests found in the vicinity. 
.of the.study ponds, Phillips County, Montana, 1979.

Successful nests Unsuccessful nests. Totals

Species No.

Average 
distance. 

to water (m)

Average 
clutch size 

Total/Hatched No.

Average 
distance 

to water (m)

Average
clutch
size

Total
no.

Percent
success

Mallard .3 141 11.0/10.7 2 250 9.0 5 60
Pintail 2 150 9.5/ 8.5. 5 255 4.8 7 29
Widgeon I 40 9.0/ 9.0 - - - I 100
Gadwall 2 . 150 10.0/ 9.5 - - - 2 100
Shoveler I 100 11.0/10.0 - - - I 100
Be W. Teal 2 68 10.0/10.0 2 45 9,5 4 50
G. W. Teal . I 75 10.0/ 6.0 - - - I 100
Lesser Scaup I 3* . 9.0/ 9.0 2 6* 8.5 3 33
Redhead I .3* 11.0/11.0 - - -■ I 100

Totals.
Average

14
115 10.1/ 9.5

11
207 7.5

25
56

Nests of diving ducks were not included in computation of average distance to water.
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nest location averaged 115 m for successful nests of dabblers and 207 

m for.unsuccessful nests.

Brood Production and Use

Species composition of the brood populations for the 3 age- 

classes of ponds is presented in Table I.. Cinnamon teal broods, if 

present,were counted as blue-winged teal, since field identification 

of the female did not allow for separation of these two species. In 

each of the 3 age-classes of ponds, pintail and widgeon broods were 

most numerous. Northern shoveler and blue-winged teal broods, which 

were the next most numerous, were more abundant on age-class II and 

III ponds than on age-class I.

Older age-class ponds had greater productivity, brood production,. 

and brood use than younger age-class ponds (Table 8). The waterfowl 

productivity of age-class I ponds was 34% less than age-class II and 

III ponds. The average number of broods produced/ha and the index of 

brood use/ha were significantly lower (P<0.05) for ponds in age-classes 

I and II than for ponds in age-class III. On a per pond basis the 

average number of broods produced was 78% greater on age-class III 

ponds than on age-class I ponds, while brood use/pond was 71% greater. 

The number of broods produced/100 m of shoreline followed a similar 

trend.



Table 7. Species composition of the brood populations for three age-classes of stock 
ponds, Phillips County, Montana, 1979„

Species

Number of broods Percent composition Totals
Age-

I
-class 
II III I

Age-class
II III No. Percent

Mallard 4 10 10 8 11 9 24 9
Pintail 15 19 34 27 20 29 68 26
Widgeon 13 20 21 25 22 18 54 21
Gadwall 3 7 8 6 8 7 18 7
Northern Shoveler 4 11 19 8 12 16 34 13
B. W. Teal 3 15 14 6 16 12 32 12 '
G. W. Teal 6 7 8 ' 11 8 . 7 21 8
Lesser Scaup 3 2 2 6 2 2 7 3
Ruddy Duck - 2 - - 2 - 2 I
Redhead I - - . 2 - - I <1

Totals 52 93 116. 101 101 100 261 100
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Table 8. Average productivity rate, brood production, and brood use
for three age-classes of 
Montana, 1979.

stock ponds. Phillips County

I
Age class 

II III

Productivity rate (%)** 40 61 61

Broods produced/ha 6.3** 6.8* 10.9b

Index of brood use/ha*** 37.5* 35.6* 62. Ob

Broods produced/pond 6.5 10.3 11.6

Index of brood use/pond*** 38.5 53.7 65.9

Broods produced/100 m of shoreline 1.1 1.1 1.8

a and b are significantly different at 95% level (compared in hori
zontal rows only).

(Average no. of broods : average no. of breeding pairs) x 100. ■

Based on total number of brood observations.

Of the habitat features measured, brood production and use were 

best related to pond size, shoreline development, and percentages of 

bare shoreline, shallow area in the pond, and emergent and submerged 

vegetation. The average number of broods produced/pond and the index 

of brood use/pond were higher on larger ponds (Table 9), as was the 

case with breeding pair numbers/pond. However, brood densities were 

highest on intermediate size ponds (0.51-1.50 ha) rather than on the 

smallest ponds. Ponds less than 0.51 ha, which had the highest pair 

densities, received little use by duck broods. Berg (1956) and
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Table 9„ Brood production and brood use related to pond size for 27
stock ponds in Phillips County, Montana, 1979.

Total pond 
area (ha)

Nhmber 
of ponds,

Average number 
Broods/pond

of broods 
Broods/ha

Average brood 
Use/pond

use index 
. Use/ha

0.24-0.50 3 2.0 4.8 12.3 30.0
0.51-1.00 9 6.6 9.4 38.1 53.6
1.01-1.50 7 12.3 . 10.6 67.1 57.4
1.51-2.00 5 10.6 6.0 61.4 34.8
2.01+ 3 18.7 5.7 97.7 30.7

Lokomoen (1973) reported similar findings on brood use of stock 

ponds.

Ponds with shoreline development ratios over 1.50 had signifi

cantly greater (P<0.05) numbers of broods produced/ha than ponds with 

ratios of 1.50 or less (Table 10). This suggests that on ponds of 

equal area brood densities will be highest on the more irregularly 

shaped ponds which offer greater amounts of shoreline.

Table 10. Numbers of.broods produced/ha related to shoreline develop
ment for 27 stock ponds in Phillips County, Montana, 1979.

Shoreline
development

Number 
of ponds

Average pond 
size (ha)

Broods
produced/ha

1.20-1.50 11 1.14 5.5**
!„51-2.00 9 0.89 10.4b
2.01+ 7 1.84 9.4b

a and b are significantly different at 95% level.
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Brood densities were found to decrease as the percent of bare 

shoreline increased (Table 11). Ponds with 0-10% of their shoreline 

bare produced 55% more broods/ha than ponds with over 20% of their 

shoreline bare. Bue et al. (1952) also found that brood,use was lower 

on ponds with bare shorelines.

Table 11. Numbers of broods produced/ha related to percent of bare 
shoreline during the brood use period (after 15 June) for 
27 stock ponds in Phillips ,County, Montana, 1979.

Percent of 
bare shoreline

Number 
of ponds

Average pond 
size (ha)

Broods
produced/ha

0-10 12 1.46 9.0
11-20 8 1.23 8.9 .
21+ 7 0.88 5.8

The average number of broods produced/ha was lowest on ponds with 

0-20% of their area less than 61 cm deep (Table 12) and highest on 

ponds with 41-60% of their area less than 61 cm deep, suggesting that 

pond depth had an important influence on brood production. A similar 

relationship between brood use and stock pond depth was reported by 

Gjeysing (1971).

The number of broods produced/ha increased as the percent area of 

emergent and submerged vegetation increased. Ponds with the emergent 

zone covering over 30% of their area produced significantly greater 

(P<0.01) numbers of brodds/ha than ponds with 30% or less (Table 13).
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Table 12. Numbers of broods produced/ha related to percent area less
than 61 cm deep for 27 stock ponds in Phillips County,
Montana, 1979.

Percent area Number Average pond Broods
<61 cm deep of ponds size (ha) produced/ha

0-20 3 1.11 , 4.7
21-40 15 1.13 8.3
41-60 5 0.97 10.7
61+ 4 2.08 7.2

Table 13. Numbers of broods produced/ha related to percent area of 
emergent zone for 27 stock ponds in Phillips County, 
Montana, 1979.

Percent area of Number Average pond Broods
emerged zone of ponds size (ha) produced/ha

0-30 15 1.16 6.5**
31+ 12 1.34 10.3b

*
a and b are significantly different at 99% level.

Similarly, average brood densities increased as the proportion of sub

merged vegetation increased (Table 14).

Brood Sizes

Average brood size for all 3 plumage classes combined was small

est on ponds less than 0.50 ha (Table 15). Average brood size was 

larger on ponds with emergent zone covering over 30% of their area 

than on those with less. Average brood size also increased as the
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Table 14. Numbers of broods produced/ha related to percent area of
submerged . zone for 27 stock ponds in Phillips County,
Montana, 1979. .

Percent area of Number Average pond Broods
submerged zone of ponds size (ha) produced/ha

0-10 10 1.33 6.7
11-20 8 0.92 8.4
21-50 9 1.42 9.4

Table 15. Average 
related

brood size for all three 
to selected pond habitat

plumage classes combined 
parameters.

Number of Average brood size
Habitat parameter brood observations (Ducklings/brood)

Pond size (ha)
0.24-0.50 33 4.2
0.51-1.00 329 5.2
I.01-1.50 432 5.2
1.51-2.00 284 4.9
2.01+ 245 5.3 -

Percent area of 
emergent zone

0-30 620 4.8
31+ 703 '5.4

Percent area of 
submerged zone

0-10 404 ■ 4.8 .
11-20 336 5.0
21+

Pond age
583 5.5

Class I 295 5.0
Class II 429 5.4
Class III 599 5.0
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percent area of submerged vegetation increased. No trend was apparent 

between brood size and pond age, although broods on age-class II ponds 

averaged 0.4 ducklings/brood larger than broods on age-class I and III 

ponds.

Average brood size at hatching time for successful nests on the 

study area was 9.5 (Table 6). Average brood sizes for plumage classes 

I, II, and III were 6.0, 4.5, and 4.2 respectively for all study ponds. 

Ducklings experienced a 37% mortality rate between time of hatching and 

their appearance on ponds as class I broods. The mortality rate 

between plumage class I and II broods was 25% compared to only 7% 

between class II and III broods. These rates represent minimal 

mortality since some combining of broods was known to occur. Other 

waterfowl production studies have similarly shown that brood mortality 

is greatest just after hatching (Miller and Collins 1954, Mendall 

1958, Keith 1961).

Transient Broods

Age-class I ponds had greater numbers of transient broods/ha and 

/pond than older-aged ponds (Table 16). Also, transient brood ratios 

for age-class I ponds were, on the average, over twice those for age- 

class II and IiiI ponds and indicated that a significantly greater 

(P<0.05) proportion of broods arriving at younger-aged ponds emigrated 

to other ponds.
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Table 16. Average numbers of transient broods/ha and /pond and average 
transient brood ratios for three age-classes of stock ponds 
in Phillips County, Montana, 1979.

Pond age-class

Average no. 
of transient 
broods/ha

Average no. 
of transient 
broods/pond

Average 
transient 

brood ratio

I 5.6 5.2 0.52a*
II 2.9 2.8 0.23b

III 3.9 3.9 0.25b

a and b are significantly different at the 95% level.

Aquatic Macroinvertebrates

Major qualitative differences were not apparent between the 

aquatic macroinvertebrate communities of the 3 age-classes of ponds 

(Appendix Table 19). The number of taxa collected from ponds in age- 

classes I, II, and III totaled 27, 27, and 30 respectively. Jaccard's 

coefficients of community similarity showed that age-class I was 68% 

similar to age-class III and 80% similar to age-class II. Age^classes 

II and III were 84% similar. Ponds with the greatest difference in age 

were the least similar. However, coefficients of similarity do not 

account for relative abundances of the various taxa. Taxa that 

occurred in I age-class and not another were generally less common. 

Community differences indicated by the Jaccard coefficients were the 

result of these less common taxa and, therefore, the qualitative dif

ferences were not considered to be major.



DISCUSSION

The number of breeding pairs utilizing a stock pond was primarily 

a function of pond size. Pond age, vegetational development, and other 

measured habitat features were apparently of little importance in 

determining breeding pair densities. Flake et al. (1977) concluded 

that of 28 habitat variables, pond size was most important in explain

ing the variance in numbers of total indicated pairs utilizing stock 

ponds in South Dakota. On a series of edaphically heterogeneous beaver 

(Castor canadensis) ponds in Ontario, Patterson (1976) found a strong 

relationship between pair numbers and pond size and no evidence of 

selection by pairs toward edaphically rich wetlands. He concluded that 

spacing mechanisms dispersed the breeding pair population in relation 

to the availability of water, and that habitat fertility was not a 

factor in pond selection by pairs. These findings concur with those 

of Evans and Black (1956) who found that breeding ducks dispersed 

evenly over all available habitat and did not favor any particular type 

of water area. McKinney (1965) believed that chasing and spacing in 

breeding ducks had a significant effect on pair densities and aided in 

nest dispersal, which may act as an anti-predator function. Dzubin 

(1969) concluded that spacing mechanisms function to disperse pairs 

and nests into both favorable and unfavorable portions of the habitat, 

resulting in lower production oh the suboptimal areas.

In this study, spacing mechanisms appeared to be the most impor

tant factor in determining total pair densities. However, distribution
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of some species may have been influenced by habitat features. Gadwalls 

were found more frequently on ponds 0 to 5 years of age than on older 

ponds, possibly in response to greater amounts of bare shoreline avail

able on the former. Flake et al. (1977) reported that gadwall 

pairs were more likely to be present on stock ponds with a higher 

percentage of bare shoreline.

The brood distribution on the study ponds differed considerably 

from that of breeding pairs. Rather than dispersing evenly, broods 

showed a greater selectivity for definite pond characteristics. Brood 

densities were highest on stock ponds of intermediate size (0.51-1.50 

ha), those with a high shoreline development ratio, and those with 41- 

60% of their area less than 61 cm deep. Brood densities were also 

highest on ponds with well developed emergent and submerged zones and 

those with little bare shoreline. All of these characteristics were 

measurably related to certain physical features as well as pond age.

This selectivity by broods corresponded to their habitat require

ments for increased amounts of both food and cover. Patterson (1976) 

similarly concluded that while spacing mechanisms dispersed breeding 

pairs, broods selected more fertile ponds and ponds with greater shore

line length in response to a greater availability of food and escape 

cover,

The amounts of food and cover, and thus, brood production and use 

of a stock pond appeared to be related to its physical features and
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vegetational development.

Physical features that influenced brood use included pond size, 

shoreline development, and percent area less than 61 cm deep. Inter

mediate size ponds 0.51 to 1.50 ha, which supported the highest brood 

densities, appeared to offer the most brood security. The number of 

broods produced/ha and brood survival as indicated by average brood 

size were lowest on ponds less than 0.51 ha, suggesting that small 

ponds lacked brood security. Lokemoen (1973) found that brood sizes 

on stock ponds less than 0.4 ha were significantly smaller than on ponds 

0.8 to 2.0 ha. He concluded that stock ponds less than 0.4 ha contained 

insufficient surface area for brood security and that ponds over 2.0 ha. 

generally formed "a harsher environment for broods by often being deep, 

open, and windswept."

Ponds with high shoreline development ratios supported high brood 

densities, possibly in response to the availability of escape cover.

Such ponds were irregularly shaped and provided more shoreline length 

per unit of surface area than uniformly shaped ponds of the same area. 

Patterson (1976) suggested that a positive relationship between shore

line length and brood numbers reflected a behavorial requirement of 

broods for cover.

As the extent of the pond’s shallow zone increased, brood densi-. 

ties also increased. Maximum densities were recorded on ponds with 41- 

60% of their area less than 61 cm deep, although ponds with over 60% of
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their area in this depth range may have been of equal importance to 

broods. However, such ponds averaged 2.08 ha, approximately twice the 

size of ponds with lesser amounts of shallow area. Since large ponds 

generally supported lower brood densities than intermediate size 

ponds, the size difference probably masked the benefits usually derived 

from the shallow zone. This shallow zone is undoubtedly important to 

broods in terms of both food and cover by allowing for the development 

of littoral vegetation.

Vegetational development as measured by the percent area of the 

submerged and emergent zones and the amount of shoreline cover was 

positively related to brood densities. As the proportion of submerged 

vegetation in a pond increased, brood survival, as indicated by average 

brood size, and brood densities increased. Submerged plants (particu

larly Potamogeton spp.), which were found in the study ponds, are 

important foods for waterfowl (Martin and Uhler 1939, Moyle and 

Hotchkiss 1945)„ Furthermore, quantitative studies of macroinverte

brates have shown that pond areas with submerged vegetation contain 

over twice as many organisms as non-vegetated areas (Gerking 1957,

Krull 1970). Since invertebrates play an important role in the diet 

and distribution of young broods (Chura 1961, Collias and Collias 

1963, Swanson and Meyer 1973, Whitman 1975), ponds with high amounts 

of submerged vegetation and invertebrates would be expected to support 

high brood densities.
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Brood densities were positively related to the percent area of the 

emergent zone and negatively related to. the percent of bare shoreline, 

again indicating a behavorial requirement of broods for escape cover. 

Also, average brood size increased as the amount of. emergent vegetation 

increased, suggesting that vegetative cover enhanced brood survival. 

Lokemoen (1973) similarly concluded that stock ponds with brushy shore

lines and emergent vegetation provided optimum cover for broods. Berg 

(1956) found that stock ponds with well developed emergent and riparian 

vegetation received more brood use than those without.

Stock pond age also had a significant effect on brood production 

and use. Age-class III ponds produced significantly more broods/ha 

and received significantly more brood use/ha than ponds in age-classes 

I and II. This relationship between brood density and pond age was 

primarily a result of vegetational development. Of the habitat 

features quantified, only measures of this feature differed signifi

cantly between age-classes and appeared to account for the increase in

brood numbers with age. Age-class III ponds had significantly more
'

submerged and emergent vegetation, and significantly less bare shore

line than age-class I ponds. Since brood densities were shown to be 

positively related to vegetational development in response to a 

greater availability of food and cover, the significantly higher 

densities on age-class 111 ponds corresponded to the significantly 

greater amounts of vegetation present on these ponds.
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Age-class II ponds, which also had more emergent vegetation and 

less bare shoreline than age-class I ponds, were vegetationally similar 

to those in age-class III and would have been expected to support 

similar brood densities. However, age-class II had significantly lower 

brood densities than age-class 111 ponds, and instead, had densities 

similar to those on the less vegetationally developed ponds of age- 

class I. This discrepancy in the relationship between brood density 

and vegetational development in age-class II may be accounted for by 

average pond size. Ponds in age-class II averaged 1.61 ha, while those 

in age-classes I and III averaged only 1.00 ha and 1.10 ha respectively 

(Tables. I and 17). The differences in pond size, although not signifi

cant, may have masked the effect of pond age on brood distribution. 

Table 17 presents the relationship between pond size and the expected 

and observed brood density» Average pond size for age-class TI fell 

within the largest size class, and the observed brood density was com

parable to the expected brood density for that size class. The same 

was true for age-class III in its respective size class. This indi

cates that pond size was an important factor in determining brood 

densities on those ponds which had well developed aquatic vegetation.

On the other hand, the observed brood density for age-class I ponds 

was 33% lower than the expected density for that size class. This 

suggests that age and lack of aquatic vegetation rather than pond size 

was limiting brood production and use on ponds in age-class I. These
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Table 17. Relationships between average pond size, pond size class,
and expected and observed brood densities of three age-
classes of stock ponds in northcentral Montana, 1979.

Age-class
I II III

Average pond size (ha) 1.00 1.61' 1.10'
— — — — — — — — — — — — — — —4— — — — — — — 4— — — — — — — 4- “ '
Pond size class (ha) 0.51-1.00 1.51-2.00 1.01-1.50

I I +
Expected brood density
(Broods produced/ha) 9.4 ± 2.8 6.0 ± 3.5 10.6 ± 4.7

Observed brood density
(Broods produced/ha) 6.3 6.8 10.9

*Extracted from Table 9 and based on all ponds regardless of age.

A

findings imply that at least 5 years are required for aquatic vege

tation to develop in stock ponds in this area before maximum potential 

for waterfowl use and productivity can be realized.

The relationship between pond age and brood use is further sub

stantiated by the transient brood ratios. The ponds of age-class I 

had a significantly larger portion of transient broods than ponds of 

age-classes II and III, indicating a general movement by broods away 

from the younger ponds due to a lack of food and cover. A comparison 

between, pair and brood distributions in the study by Patterson (1976) 

also indicated that broods moved away from ponds which did not provide 

adequate amounts of food and cover. Similarly, Berg (1956) found a 

trend in brood movements from stock ponds with little shoreline cover 

to those with emergent vegetation.



MANAGEMENT IMPLICATIONS

Although stock ponds have been built primarily as a tool of range 

management, secondary benefits such as waterfowl production can be 

realized and increased, often with only minor modifications in the 

normal construction and management plans of these ponds. This applies 

in particular to ponds built with federal assistance and/or on federal 

lands, on which other potential land uses need to be considered in 

compliance with the Federal Land Policy and Management Act of 1976.

Physical features, vegetational development, and pond age are 

important factors to be considered in evaluating the potential of a 

stock pond to benefit waterfowl. Physical features including size, 

shoreline development, and the percent area of the shallow zone are 

dictated principally by pond location. Vegetational development is 

primarily a function of pond age, although physical features, particu

larly the percent area less than 61 cm deep, influence the extent of 

the vegetational zones. Vegetational maturity can be expected 6 to 10 

years after construction, but unless ponds are properly located in 

relation to the physical features mentioned, optimum waterfowl produc

tion will not be realized,. Therefore, site selection prior to 

construction is the most critical consideration in terms of benefits 

to waterfowl. Based on the current study, potential sites should 

provide for ponds over 0.5 ha, with irregular shorelines, and with 

over 40% of their areas less than 61 cm deep. Often a minor shift in
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the location of the dike within a selected drainage can provide these 

desirable features.

Properly located stock ponds over 5 years of age, in contrast to 

younger ponds, can be expected to provide adequate amounts of food and 

cover, and produce - optimum brood densities. However, optimum brood 

densities on stock ponds are also contingent upon proper grazing 

management and pond maintenance. Gjersing (1975) and Mundingef (1976) 

demonstrated the benefits of rest-rotation grazing in terms of residual 

vegetation and shoreline cover. Maintenance of dikes and spillways of 

stock ponds should be an integral part of any range management plan to 

prevent washouts and unnecessarily low water levels. Based on the 

value to waterfowl of vegetalionally mature ponds, maintenance of ponds 

over 5 years of age should prove to be more beneficial to waterfowl as 

well as more economical to the landowner than reconstructing ponds on 

new- locations following washouts.
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Table 18. Age-class, construction year and type, associated soil type, associated land 
use, and location description for each study pond in Phillips County, Montana.

Construction 
Age-class/study pond Year Typea

Associated 
soil type*5

Associated 
land usec Location

I-I-Rack 1974 R P-E-S G T25N, R28E, Sec. 13, NE%SW%
I-2-Easement 1976 R P-E-S G T26N, R29E, Sec. 36, SW%SE%
I-3-Rotten 1974 R P-E-S G T26N, R28E, Sec. 12, SE^Nl&j
I-4-Riek 1976 PR P-E-S G T26N, R30E, Sec. 6; S E W %
I-5-Grunt 1976 R P-E-S G+C T26N, R30E, Sec. 11, SEkSVk
I-6-Forks 1975 R T-J G+C T29N, R30E, Sec. 24, NE%SE%
I-7-Simanton 1975 R P-E-S G T27N, R30E, Sec. 5, NE%NW%
I-8-Little Goose 1976 R P-E-S G T27N, R30E, Sec. 15, S W W 3S

II-I-Pot Roast 1972 R K-P G T25N, R28E, Sec. 26, N W W 3S
II-2-Smorguts • 1972 R . P-E-S G T25N, R28E, Sec. .27, - N W W 3S
II-3-Empire 1969 R P-E-S G+C T28N, R29E, Sec. 22, SEkSVk
II-^-Blatterrs 1972 s R P-E-S G T28N, R29E, Sec. 4, SEkSEk
II-5-Blackdog 1969 R P-E-S G T28N, R29E, Sec. 20, N E W 3S
II-6-Longj ump 1969 PR P-E-S G+C T28N, R29E, Sec. 20, SEkSEk
II-7-Dale 1971 • R E-T G T28N, R28E, Sec. 8, NW3W 3S
II-8-State South 1972 R K-P G T25N, R28E, Sec. 36, S E W 3S
II-9-No. Two 1969 PR P-E-S G T28N, R29E, Sec. 19, SEkSVk

III-I-State North 1949d • R P-E-S G ■ T28N, R28E, Sec. 16, SEkSEk
III-2-PR309 1947 R P-E-S G T25N, R29E, Sec. 12, N W W 3S
III-3-PR291 1946 R P-E-S G T26N, R29E, Sec. 34, S E W 3S
III-4-State East 1949d R P-E-S G T27N, R30E, Sec. 16, SEkSEk
IIt-5-Airport 1961 R P-E-S . G+C T28N, R29E, Sec. 21, N W W %
III-6-Mels 1966 R P-E-S G T28N, R28E, Sec. 17, SEkSEk
III-7-PR313 1947 R E-T G T28N, R28E, Sec. 4, S W W 3S



Table 18. (Continued).

Age-class/study pond
Construction 
Year Type3-

Associated 
boil typeb

Associated 
land usec Location

III-8-Multiple 1943 R P-E-S G T29N, R28E, Sec. 34, NE%NW%
III-9-West Al 1949d R P-E G+C T28N, R28E, Sec. 4, SE%NE%
III-IO-Willie's 1949d R P-E-S G+C T28N, R28E, Sec. 24, SE%SW%

^Construction types; R = retention reservoir, PR = pit-retention reservoir, 
bSoil types; P-E-S = Phillips-Elloam-Slickspot Association, T-J = Theony-Joplin 
Association, K-P = Kevin-Phillips Association, E-T = Elloam-Theony Association, 
P-E = Phillips-Elloam Association.
cLand use; G = grazing, G+C = grazing and cultivation within 1.6 km of study pond. 
Construction year estimated from records and maps.
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Table 19. Frequency of occurrence (%) of aquatic macrolnvertqbrate taxa
for three age-classes of stock ponds in Phillips County,
Montana, 1979. . . .

Taxa Class I Class II Class III

Corixidae 100 100 100
Eotonectus 100 100 100
Gervis 12 11 10
Lethooerus - 11 10
Mesopelia - - 10
Ranat^a 12 11 -
Caenis .50 22 40
Callibaetis 100 100 100
Enallagma 62 100 90
Isohnura 88 100 80
Lestes - 11 10
Aeshna - ■ - 20
Leuoorrhinia 12 33 20
Libellula 38 56 80
Leptoceridae 75 100 80
Limnephilidae i - 3.3 10
Rhryganaea 12 - -
Dytiscidae 100 89 90
Halipus 88 56 60
Hydrophilidae 50 33 70
Chaoborus 62 33 30
Chironomidae 100 89 90
Culicidae 12 11 10
Ceratopogonidae 12 - -
Gamniarus 12 78 20
Hyalella 100 100 90
Hydracarina 75 67 50
Hirujiinea 88 100 80
Oligochaeta 12 - 10
Lyrmaea 25 22 50
Physidae 38 . 78 80
Planorbidae 50 56 80
Pelecypoda 10

Total No, Taxa 27 .27 30
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