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Volume Summary

Large numSers of waterfowl have been present on the Savannah

River Plant (SRP) since the closure of the site in the 1950s, Water-

fowl are important to the operations on the SRP as potential vectors

of radlonuclides and others contaminants off of the site. Thirty-one

species of waterfowl have been documented on the SRP. The Savannah

River Ecology Laboratory (SREL) has been conducting waterfowl research

on the site for the past 15 years. This research has included work on

waterfowl utilization of the SRP, wood duck reproductive biology, and

waterfowl wintering ecology.

Waterfowl utilization of the site has been assessed through

aerial surveys in the Par Pond Reservoir System (PPRS) and Savannah

River Swamp System (SRSS)j and roost counts in the Steel Creek drain-

age. Aerial surveys have proven to be the most successful method of

assessing the number of waterfowl in the SRSS. Nine species of water-

fowl have been observed during these surveys. Mallards and wood ducks

were consistently the most abundant species. Both of these species

have increased over the four year period during which this survey has

been conducted. Mid-winter mallard numbers have increased 72,6 per-

cent in the SRSS, while mallard mld-wlnter numbers in both the

Atlantic Flyway and in South Carolina have decreased 33.0 and 70.4

percent respectively during the same time period. Steel Creek and

Four-Mile Creek deltas had significantly more mallards than did Beaver

Dam Creek or Pen Branch delta. No differences were found for wood

duck counts between Four-Mile Creek, Steel Creek delta or Beaver Dam

Creek. The SRSS has been used extensively for foraging by both mal-

lards and wood ducks. Wood ducks are more selective in food habits
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than are mallards. Waterfowl roost counts hays been conducted each

year from 1981-1985 in the Steel Creek delta. Eleven species of

waterfowl have been observed during these counts. As with the aerial

surveys, mallards and wood ducks were the most abundant species. Peak

numbers of mallards in the roost slte occurs in January and February,

while peak wood duck numbers are present from November through mid-

January. Waterfowl primarily use post-thermal and non-thermal areas

of reactor effluent streams where both cover and forage species have

not been significantly impacte_l. The relative use of different forag-

ing habitats on the SRP changes with seasonal availability of impor-

tant foods, wlth thermal, post-thermal and cool areas of the river

swamp providing forage species. Preferred roosting sites for water- .

fowl in the SRSS are characterized by dense overhead and lateral

cover, consisting mainly of buttonbush. Major use areas in the SRSS

are non-thermal portions of Four Mile Creek delta and post-thermal

Steel Creek delta. River flood events can affect the waterfowl use of

areas of Four Mile Creek delta.

Aerial surveys over the PPRS have been flown during the winter to

early spring from 1981 up to the present. A total of 19 species have

been identified during these surveys. Lesser scaup were the most

numerous species observed, followed by rlng-necked ducks, ruddy ducks

and buffleheads. Over this four year period, waterfowl numbers on the

PPRS have increased 74.7 percent, while mid-wlnter numbers hays

declined in the Atlantic Flyway (19.0 percent) and the state of South

Carolina (2&.5 percent). Lesser scaup, buffleheads, and ruddy ducks

were found in significantly fewer numbers in North Arm than in all

four other areas of Par Pond. Ruddy ducks were significantly more
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frequently observed in the Hot Arm than in the West Arm. The other

three species were significantly more abundant in the West Arm. Time

budget studies on Par Pond suggest that lesser scaup, ring-necked

ducks, and ruddy ducks yse different behavioral strategies to exploit

available wintering ground resources. An analysis of the foods con-

sumed by lesser scaup, ring-necked ducks, and ruddy ducks on Par Pond

showed significant differences in food item selection among the three

species. Ring-necks were generalists in their food habits. Ruddy

ducks consumed about 59 percent animal material with midges comprising

97 percent of the animal volume. Animal foods comprised 89 percent of

the lesser scaup diet. Dietary habits have been used to explain the

variation in radiocesium and mercury body burdens observed in various

aquatic avian species which winter on Par Pond. Major concentrations

of wintering diving.ducks on Par Pond are located in water that is 6

meters or less in depth. The distribution of plants utilized by

waterfowl as forage species does not vary greatly between heated and

unheated areas of Par Pond. Studies have shown that the richness of

some benthic invertebrates consumed by waterfowl is generally lower in

the vicinity of the Hot Dam. However, the distribution of other

invertebrate forage species, such as the Asiatic clam, do not appear

to be affected by the thermal effluent in the PPRS. There is no

significant impact of wintering diving ducks on Par Pond macroinverte-

brate taxa in terms of numbers or biomass.

Lesser scaup and ring-necked duck counts were found to fluctuate

significantly within reactor cycles, although no discernible trends

could be attributed to thermal influence. Only the ruddy ducks showed

significant differences in counts between the warm and ambient areas
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of Par Pond during the reactor cycles. Common moorhens may be utili-

zing the thermal water within the Hot Areas as a source of incubation

heat, such that, when the nest is unattended, the eggs may have a

lower rate of heat loss. Pond C has limited use by waterfowl during

the wintering season. The majority of this use is during the reactor

down periods. The abundance of the four main species on Pond B is

similar to Par Pond, with ring-necked ducks being most frequently

sighted.

Wood ducks are the only waterfowl species to commonly breed on

the SRP. A nest box utilization survey has been conducted on the site

since 1973. A total of 151 nest boxes were available in the 1985

nesting season. Nest initiations and duckling production were down

from 1984 because of lower water levels at the nest sites. Dump

nesting was found to be a common behavior among wood duck hens on the

SRP. Nest success among those nests initiated this past year was down

because of predation by red-headed woodpeckers. Utilization of nest

boxes by other species has only slightly reduced nest box availability

for wood ducks. Mark-recapture studies in Steel Creek delta produced

estimates of population size of 29 to 63 breeding female wood ducks,

and recruitment estimates varied from i0 to 37 individuals. Results

of the mitigation program cannot be assessed to date because the

impact on the critical brood rearing habitat in Steel Creek delta and

corridor by the restart of L-Reactor has not been determined.

Radiocesium and mercury uptake by migratory waterfowl on the SRP

has been documented. Both Par Pond and Steel Creek delta have been

identified as areas of radiocesium uptake. American coots have the

highest body burdens of radiocesium of any waterfowl species analyzed
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on Par Pond. The vegetarian diet of this species is theorized to be

the cause of this increased contamination. Rates of radiocesium

accumulation for free-living wood ducks in Steel Creek delta were

determined to attain practical equilibrium at 17.3 days. Radiocesium

elimination of wood ducks under penned conditions was described as:

4.60-0.13 days (in percent initial body burden). Concentrations of

radiocesium from the waterfowl collected on the SRP in 1985 were found

to be within the range of levels reported for previous years. These

were well below that which would suggest a health hazard for persons

ingesting these birds as food. American coots on Par Pond were found

to be lower in mercury contamination levels than four other aquatic

bird species which are more carnivorous in their food habits.

In the future, waterfowl numbers on the SRP will probably reflect

the declines expected in the continental numbers of these species.

These declines on the site, however, will likely not be to the extent

observed in other wintering areas in the Southeast. This is because

of the reduced human disturbance (e.g., no sport hunting) on the SRP.

During the first wintering season in which L-lake was in existence, 12

species of waterfowl were observed using that impoundment. As forage

and cover species increase in that system, waterfowl use will increase

and become more diversified. The impact of the L-Reactor restart on

the wood ducks nesting in the Steel Creek corridor and delta has yet

to be assessed.
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I) WATERFOWL OF THE SRP

I.i) Introduction

Waterfowl (Ayes: Anserlformes, Gaviiformes, Podlcipediformes,

and Gruiformes) have been present in large numbers on the Savannah

River Plant (SRP) since the closure of the site to the public in the

early 1950s (Jenkins and Provost, 1964; Mayer et al., 1984). The

existence of these birds on the SRP is important for both ecological

and economic reasons. Waterfowl are major primary and secondary

consumers in wetland areas where they occur on the site. In general,

waterfowl are mainly plant feeders (Martin et al., 1951). However, '

ducks (Anatidae: Anatinae), the most common group of waterfowl on the

SRP (Mayer et al., 1984; Gladden et al., 1985a), are almost all omni-

vorous (Martin et al., 1951). This allows ducks to occupy a number of

trophic levels within the food webs of the various aquatic ecosystems

on the SRP. Economically, waterfowl are very important as popularly

harvested game species, with an estimated minimum of one hundred

million dollars spent annually on the sport harvest of these species

in the United States and Canada (Johnsgard, 1975).

Because of their migratory nature, these species are of concern

to the operation of the SRP as potential vectors of radionuclides and

other contaminants off of the site. Since some of these species leave

the site during the sport hunting season, contaminants may readily be

picked up to enter the food chain for direct human consumption else-

where. Several localities on the SRP have been identified as prime

areas of concern with respect to radlonuclide uptake by waterfowl

(Marter, 1970; Brisbin et al., 1973; Fendley st al., 1977).
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The above factors are increased in importance by the extensive

use of the SRP by waterfowl during the wintering season (Gladden et

al., 1985a). Since 1952, a total of 31 species of waterfowl have been

documented on various locations on the SRP (Table I). Waterfowl

utilization of both the Par Pond Reservoir System (PPRS) and Savannah

River Swamp System (SRSS) has been and still is very significant.

Waterfowl use of small .r aquatic sites on the SRP such as Carolina

bays, old farm po_Ids and settling basins has not been assessed thor-

oughly to date but was documented as early as 1952 (Norris, 1957,

1963). The use of these smaller habitats has continued up through the

present (R. T. Hoppe, pets. obser.). The use of Par Pond by migratory

waterfowl was noted within one year of the filling of that reservoir

(Norris, 1963). Within two years, seven species of waterfowl were

present there from November to January (Norris, 1963). Within five

years of the completion of Par Pond, an estimated i0,000 ducks and

American coots (F__ullc____aaamericana) were wintering on that impoundment

(Jenkins and Provost, 1964). During that same year, approximately

2,000 ducks and American coots were estimated to overwlnter in the

SRSS and on the Savannah River. In 1973, an estimated 5,000 to I0,000

migratory waterfowl were using the PPRS as a wintering refuge (Brlsbin

et al., 1973). Large numbers of waterfowl continue to winter in both

the PPRS and SRSS (Mayer et al., 1984; Gladden et al., 1985a).

Regionally, the presence of such large concentrations of waterfowl is

significant. During the past five yesrs, mid-winter numbers of diving

ducks (Anatinae: Athyini) on the PPRS have been higher than in

the entire northern half (Zone I) of South Carolina as determined

by the Hid-winter Waterfowl Survey counts for those species



fable 1. Listing of the watertovl species known to occur on the SRP and the localities on the site vhere the presence of each
species has been documented between 1952 and 1985. These records uere as6embled from Norris |1963), the SRP waterfowl
aerial surveys, Steel Creek roost counts, the SRP Christmas Bird Counts, slghtir_js by the authors, and reliable sight-
inns by other biologists on the site.

Pa r Pond Pond Beaver Four- Perl Stee I Upper Ca ro I i na Sett I i ng
Species Pond C B Dam Nile Branch Creek Three Bays & Seepage

Common Name Creek Creek Creek Runs Creek & Ponds Basins

W;lisL|in9 Swan .

C+,nada Goose + + +

B 1u. / Snow Goose + +

Plal lard + + + . + + + .

B lack Duck + . + . . .

C,_dwa I I + + + + + . .

P,nta i ! + + + +

Creen-winged Teal + + +

B l ue-_ i nged Tea i . + + . + +

American Wigeon + + + + + + co

N. Shove Ier + + + + +

Wood Duck + + + + + . + + + +

Redhead + +

Ring-necked Duck + + + + + + +

Canva shack +

Greater Scaup +

Lesser Scaup + + + +

C. Go i deneye +

Buf f I ehead + + . + +

01 dsquaw +

Nhi re-winged Scorer +

RtJddy Duck + . + +

Hooded Merganser -+ + + + + + + +

t_d-b rested Herganser + +

+



Tab !e I. cone i nued o

Par Pond Pond Beaver Four- Pen Steel Upper Carol ina Settl ing
Spec ies Pond C B Dam Hi le Branch Creek Three Bays & Seepage

CommorJ Name Creek Creek Creek Runs Creek _ Ponds Basins

Common Loon +

Horned Grebe + +

Pied-billed Grebe + + . . . .

king Rai I . +

Common !_o rhen + +

P,,='ple Gal iinule + +

Ae_r i can Coot + + + + + .

p.-

_o

t
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(Mayer et al., 1984; Gladden et al., 1985a). These concentrations on

the SRP are unexpected since this area of the Savannah River drainage

is not a major wintering area for any of the four most abundant duck

species found on the PPRS (Bellroae, 1976). In addition, with the

exception of 1984, mid-winter duck numbers in the Atlantic Flyway have

been generally declining since 1955. Over the last three years, the

mid-winter numbers on the PPRS have increased. These facts serve to

further emphasize the importance of the SRP as a major waterfowl

wintering refuge area.

Waterfowl research conducted by the Savannah River Ecology Labor-

atory (SREL) over the past 15 yea_:shas been in three principal areas.

These include: i) ,assessmentof waterfowl utilization of the site; 2)

a wood duck (Aix _s_sa) nest box survey, reproductive biology study,

and mitigation of nesting habitat loss; and 3) waterfowl wintering

ecology studies. In addition to being important inland staging areas

for 17 species of migratory waterfowl in South Carolina, the aquatic

habitats of the SRP offer a unique situation where public disturbance

is minimized thus allowing an excellent opportunity to study water-

fowl. Waterfowl species surveys and censuses on the SRP have been

conducted since the early 1970s. these were performed in order to

determine what waterfowl species were using the SRP, how many of each

species were present, where they were found on the site, and when they

were present on the site. Since 1981, both aerial surveys of the PPRS

and SRSS and roost counts in the delta of Steel Creek have been used

in this assessment (Gladden et at., 1985_a). These surveys have been

the sole source of documentation of the substantial waterfowl use of

the SRP during the wintering period from November through Hatch,
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The wood duck nest box survey was initiated to assess the impact of

the restart of L-Reactor on wood duck reproduction in the Steel Creek

corridor and delta. This survey was expanded in 1983 and has been

continued up throuEh the present. Most waterfowl research in the

United States has concentrated on breedinE bioloEy over the past 50

years, In seneral, the attention Eiven to waterfowl breedlnE ecoloEy

has been at the expense of winterlnE ecoloEy. Recent studies have

shown that further research is needed in post-breedinE waterfowl

ecolosy and how it relates to continental and flyway population

levels. The foal in performinE winterinE ecology studies is to pro-

vide the necessary data for the management of waterfowl on the SRP and

the Atlantic Flyway, and to improve the overall understanding of .

waterfowl wintering ecoloEy. Those winterinE ecoloEy studies which

have been completed on the site include: I) time budset studies of

divine ducks on Par Pond; 2) divins duck flock behavioral observations

on Par Pond; 3) body condition indices of three species of divine

ducks on Par Pond; 4) waterfowl food resource exclosure study on Par

Pond; 5) Eenetic variabi'llty survey of four species of divin E ducks on

Par Pond; and 5) food habit survey of three species of divin E ducks on

Par Pond. Those studies in proEress include: I) habitat sesreEatlon

of four species of divine ducks on Par Pond, and 2) wood duck Erowth

study on the SRP.

Ir
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2) WA_RFOWL UTILIZATION OF THE SRP

2.1) Introductlonand Methodololy

Waterfowl utilization of the SRP is sisnificant. Almost every

available open-water site on the SRP serves as habitat for ducks,

especially during the winterins season. This use has been assessed by

two methods: I) aerial surveys, and 2) roost counts. The aerial

surveys were flown over both the PPRS and SRSS. The roost counts were

conducted in the Steel Creek drainase. The seals of these assessment

methods were: 1) to compile a species list of waterfowl that use

these systems; 2) to determine the approximate number of each species

in these systems; 3) to determine the desres of utilization by water-

fowl; and 4) to determine the distribution of waterfowl in these areas

as related to migratory status and reactor "up-down" cycles in the

lentic and lotic thermal effluent systems. These data are used to

monitor trends in the waterfowl distribution and use of the aquatic

systems on the SRP. These surveys allow for monitoring the potential

impact of thermal effluent on the wintering waterfowl use of the site,

In addition, these data provide supportive information for ongoing

food habits and parasite studies of waterfowl on the SRP,

The waterfowl aerial surveys have beezL flown since the 1981-82

wintering season. These surveys wer_ conducted once a week, usually

on Saturdays, from November 1 to April 1. Surveys were done from a

Piper SuperCub flxed-wlng a_rcraft at an airspeed of 130 km/h at an

altitude of 90 m. An observer sat in the back seat of the aircraft

and noted the number and species of all waterfowl sighted. The obser-
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vet used a small pocket recorder, which allowed the rapid dictation of

the number, species, and location of all waterfowl seen. The pilot

was directed to fly approximately 200 m offshore around the perimeters

of the three impoundments beln8 surveyed. This allowed the observer

to record all species on either side of the aircraft. In the SRSS,

the pilot was directed to fly over the four dralnaaes belns ceneused,

starting at Beaver Dam Crook and ending at Steel Creek Delta. At the

end of each aerial survey, the data were compiled and placed on perma-

nent record maps. The aerial surveys were originally only conducted

over Par Pond proper and four drainage systems in the SRSS, i.e.,

Beaver Dam Creek, Four-HAle Creek, Pen Branch Creek, and Steel Creek.

In January of 198A, Ponds B and C were added to the aerial surveys.

The roost counts in the Steel Creek corridor and delta have also

been conducted since the 1981-1982 wintering season. Evening roost

counts were made at approximately weekly intervals. Observers peel- i

tioned themselves either within the roost or under the main flight

route to the roost just before sunset, and remained until dark, since

many species of waterfowl move just after sunset. These ducks travel

from feeding sites to a commonnight roostins area. Since this behav-

ior is especially r.ommon to wood ducks, that species is easily cen-

sused. The observers tallied the number and species of all waterfowl

seen flying into the rot)stingarea. During that first sampling period

in 1981-1982, the counts were made by observers either positioned on

the railroad trestle over Steel Creek, from a canoe located in the

delta, or from an old blind located near the SREL Steel Creek canoe

landing. From the 1982-1983 wintering period to the present, these

counts have been made from an elevated blind located specifically

within the roost _ite in Steel Creek Delta.
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2.2,1) Waterfowl Utilization of the Savannah River Swamp System

Aerial surveys of the Savannah River Swamp System were initiated

in the fall of 1981 to determine the utilization of this portion of

the Savannah River Plant by waterfowl, This study was begun in con-

junction with other acolosical investiaations in order to evaluate the

potent.ial impacts of the restart of the SRP's L-Reactor, Figure 1

shows the areas of the SRSS which were surveyed for waterfowl during

the four-year study period. These areas include the moderately-

thermal Beaver Dam Creek, thermal Four-Mile Creek, thermal Pen Branch,

and post-thermal Steel Creek.

Aerial surveys of the SRSS were initiated on 20 October, 1981 and

were conducted at approximately weekly intervals. During the winter

of 1981-1982, 23 flights were recorded including the final survey on

30 March, 1982.

Aerial surveys conducted during the winter of 1982-1983 over the

SRSS were initiated on 24 September, 1982 and included 18 flights.

The last survey for this winter period wan on 29 March, 1983.

SRSS waterfowl aerial surveys conducted during the winter of

1983-1984 were initiated on 4 October, 1983. Twenty-four flights were

made, including the final flight on 7 April, 1984.

During the winter of 1984-1985, aerial surveys conducted over the

SRSS included 21 flights beginning on 27 October, 1984, and ending on

23 March, 1985. These aerial surveys were conducted at weekly inter-

vals with the exception of a flight schedule for 2 February, 1985,

which was cancelled due to poor flight conditions, These flights were

all conducted on Saturday to minimize the disturbance of waterfowl by

normal weekday human activities in the SRSS.
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FIGURE 1. Areas in she Savannah River Swamp system surveyed by the

Waterfowlaerial surveysfrom 1981 to 1985,
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2.2.2) Review of Past Utilization of the SRSS

Aerial surveys have proven to be the most successful method of

acquiring reasonable estimates of waterfowl using the SRSS each win-

ter. Nine species were identified by aerial survey using the SRSS in

the winter of 1984-1985. Of these nine species, seven were dabbling

duck species, o,te was a species of rail, and one was a species of

merganser. Specifically, these are the mallard (Ands p_latyrhynchos),

wood duck, American black duck (_ rubripes), gadwa11 (_ strepe-

2), American wigeon (Ands americana), green-wlnged teal (Ands

crecca), blue-winged teal (_ discors), American coot, and hooded
i

merganser (_phodytes cucull_us). Other species are known to be '

infrequent winter visitors to the SRSS, but were not identified during

aerial surveys. These include the northern pintall (Ands acute),

northern shoveler (Ana_.__ssclypeata), ring-necked duck (_ collaris),

lesser scaup (_ affinis), and bufflehead (Bucephala a!beola).

The highest _aterfowl count recorded on any single aerial survey of

the SRSS during the winte'r of 1984-1985 was 1,444 on 12 January, 1985.

During the 1983-1984 winter season, seven species of waterfowl

were identified within the SRSS by aerial survey. Species observed in

the winter of 1984-1985, but not seen in the winter of 1983-1984

incl_ide the blue-wing teal and American coot. It is probable that

these species were present in small numbers but they remained undetec-

ted. The greatest number of waterfowl recorded on any flight during

the winter of 1983-1984 was 765 on 30 December j 1983.

identified by aerial survey of the SRSS during the winter of

1982-1983 were three species of waterfowl. Species observed in 1984-
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1985, but not in the winter of 1982-1983 include the gadwall, American

widgeon, blue-wing teal, greenwing teal, American coot, and hooded

merganser. The greatest number of waterfowl recorded during any

aerial survey of the SRSS during the winter of 1982-1983 was 486 on I0

February, 1983.

During the winter of 1981-1982, eight species of waterfowl were

identified by aerial survey in the SRSS. Only the American coot was

seen in the winter of 1984-1985 but not the winter of 1981-1982. The

greatest number of waterfowl recorded on any aerial survey of the SRSS

during the winter of 1981-1982 was 695 on II February, 1982.

The most consistently-occurring and abundant species of waterfowl

found in the SRSS each winter was the mallard. Mallards are more

successfully censused by aerial survey than other more secretive

species such as the wood duck, a year-round resident of the SRSS.

Although the dabbling ducks are the dominant species of waterfowl

found in the SRSS, occasional diving ducks are found in areas of the

SRSS which have been altered by thermal streams entering the Savannah

River floodplain. Figure 2 presents the maximum number of the two

major dabbling duck species observed in the SRSS during any single

aerial survey for each of the four winter periods surveyed. Mallards

were consistently the most numerous species observed in the SRSS each

winter. There was a net increase in this species in the SRSS of 939

percent from the winter of 1981-1982 to the winter of 1984-1985. Wood

ducks were the second most abundant waterfowl species observed during

aerial surveys of the SRSS. A net increase of 344.0 percent was

recorded for wood ducks observed by aerial survey from the winter of

1981-1982 to the winter of 1984-1985. However, due to the secretive
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behavior of wood ducks and highly variable observability, conventional

aerial inventories are considered to be inadequate indicators of wood

duck relative abundance (Bellrose, 1980).

The U.S. Fish and Wildlife Service midwinter surveys from January

1982 to January 1985 indicate a net decline of 33.0 percent in numbers

of mallard wintering within the Atlantic Flyway (Figure 3). Numbers

of mallard in the state of South Carolina declined by 70.4 percent

during the same period. However, the number of mallards observed

during January aerial surveys of the SRSS were found to increase by

72.,6 percent. The SRSS can be considered to be an important winter

refuge to locally-wlnterlng waterfowl. With declines in natural

wetlands available to water fowl in the interior of South Carolina,

this swamp system may come to support larger numbers of wintering

dabbling ducks in the future. The need for preservation and protec-

tion of such a site will undoubtedly increase if waterfowl numbers

continue to drop as they have in recent years.

2.2.3) Utilization of Areas Within the SRSS

Waterfowl of the SRSS were assigned to drainage systems in which

they were found to determine sites preferred by waterfowl. Mallard

and wood ducks were the only two waterfowl species with adequate

numbers for an analysis of variance of site use to be determined.

Only aerial survey data from the winter of 1984-1985 were examined by

this method.

The Beaver Dam Creek portion of the SRSS (Figures 4, 5, 6, and 7)

had significantly fewer mallards than both Four-Mile Creek Delta and
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Steel Creek Delta during the winter of 1984-1985 (P = 0.001_ and _P =

0,027, respectively for 21 surveys). Only in Pin Branch Delta were

there fewer mallards observed than in Beaver Dam Creek (FiBure 4). No

sIBnlficant differences (_P > 0.05) were found between Beaver Dam Creek

Delta, Four-Mile Creek Delta, or Steel Creek Delta in counts of wood

ducks during aerial surveys. However, more wood ducks were seen in

Beaver Dam Creek Delta than in Pen Branch Delta (P = 0,006). Those

same observations of duck distributions relative to Beaver Dam Crook

lienerally hold true for the winter of 1981-198_. through 1983-1984 also

(rlsure 8). Other waterfowl species identified by aerial survey in

the Beaver Dam Creek portion of the SRSS include the 8rsen-winled

teal, American wi$eon, gadwall, and black duck. Mean 48-hour slr
b

temperatures includins the day before and day of the aerial survey

were compared with each flight count. The comparisons of aerial

counts with mean air temperatures above and below 7.2 deBrees Centi-

grade, revealed no sisnificant redistribution of waterfowl relative to

the Beaver Dam Creek portion of the SRSS and mean air temperatures.

The Four-Mile Creek portion of the SRB8 (Figures 4, 5, 6, and 7)

had significantly higher mallard counts than either Beaver Dam Creek

delta or Pen Branch delta during the winter of 1984-1985 (_P = 0.0014

and _P = 0.0001, respectively for 21 surveys). No siBnificant differ-

ences were observed in numbers of mallards observed using Four-Nile

Creek delta and Steel Creek delta. These patterns of mallard use of

Four-Mile Creek and Steel Creek are not typical however, and show much

variation from year to year (Ftsure 9). Observed annual variations in

Four-Hile Creek and Steel Creek mallard usaBe can be explained by

annual variations in precipitation, river levels, C-Rea_tor schedules
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and available forase species. Four-Mile Creek delta had siBnificantly

hiiiher wood duck counts than either Pen Branch Delta or Steel Creek

delta durin 8 the 1984-1985 winter period ([ = 0.0008 and P = 0.0117,

respectively for 21 surveys), 1"here were no differences, however in

wood duck counts from Four-Hile Creek delta and Beaver Dam Creek

delta. Waterfowl species other than mallard and wood ducks which were

observed in the Four-Mile Creek delta vicinity include the green-

winged teal, blue-win!ted teal, PJesrican wiseon, gadwall, black duck,

redhead duck, hooded merBanser, and American coot.

The Pen Branch portion of the Sites (FiBures 4, $, 6, and 7) had

sll_tficantly lower mallard counts than any other section of the SRSS

surveyed (_ < 0.0004) durins the winter of 1984-i9B$. This observation '

is typ£cally true for all years of waterfovl serial surveys. Pen

Branch also had significantly lower wood duck counts than either

Beaver Dam Creek or Four-Hlle Creek. Counts of wood ducks in Pen

Branch delta were not slBnificantly different from Steel Creek delta

counts however (P_ > 0.05). Only mallards and wood ducks have been

seen in the Pen Branch delta vicinity durin8 aerial surveys and even

these species are not seen with any regu!arity (Figure 10). This is

thought to be due primarily to the habitat attributes of the Pen

Branch delta and surroundin$ swamp.

The Steel Creek delta portion of the SRSS (Figures 4, $, 6, and

7) had significantly higher counts of mallard than either Beaver Dam

Creek or Pen Branch (.P = 0.027 and _Pm 0.0001, respectively for 21

surveys) durinB aerial sure'eye from the winter of 1984-1985. No

differences were found, however, between Steel Creek delta mallard

counts and rour-Hile Creek delta mallard counts (_P - 0.604).
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No significant differences were observed between wood duck counts from

Steel Creek delta and Beaver Dam Creek delta or Pen Branch delta (P

0.05), although Four-Mile Creek delta did have higher counts of wood

ducks than Steel Creek delta (P , 0.0117). Other waterfowl species

identified in Steel Creek delta during aerial surveys include blue-

winged teal, gadwall, black ducks and hooded mergansers. The results

of aerial surveys from the winter of 1981-1982 to the winter of 1984-

1985 are presented in Figure Ii.

2.2.4) Waterfowl Roost Counts in Steel Creek Delta

Waterfowl roost counts have been conducted each year from 1981-

1985 in the Steel Creek delta. The 1981 data is incomplete and wall

not be presented. A permanent elevated blind was built in the delta

for observation of waterfowl. The Steel Creek delta is the only place

within the SRSS where roost counts have been conducted. The two main

species observed roosting were mallards and wood ducks although other

species occasionally use the delta for roosting (Table 2). Migratory

species are primarily using the delta from October through March.

Toward the end of March, numbers decrease as birds begin their spring

migration. Wood ducks also decrease as non-resident birds move north,

and breeding in the area is initiated. Even though wood ducks breed

in the southeast, roosting in large flocks from March through August

is no longer common, due to wood duck pairing activities and initia-

tion of nests.

Numbers of mallards and wood ducks roosting in the delta from

October through March show definite trends in utilization (Figures 12,

13, i_, and 15). Fall migrant wood ducks start congregating in SRP
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Table 2. Waterfowl species observed in the Steel Creek delta during

the winter roost counts from 1982 to 1985.

Common Scientific Years Observed

Name Name 1982-83 1983-84 1984-85

ma 11 ard Ana___ssp latyrhynchos x x x

wood duck Ai___xx_ x x x

blue-winged teal Anas discors x x x

green-wlnged teal Anas crecca x x x

black duck Anas rubripes x x x

northern shovler Ana_.__ssclypeata x

plntail Anas acuta x x

American wigeon Anas americana x x

ring-necked duck Aythya collarls x x

hooded merganser Lophodytes cucullatus x x

American coot Fulica americana x x x
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roosting sites from mld-October to the first week in November as these

birds utilize the SRSS for loafing and feeding. In the past 3 years,

predictable increases in numbers of wood ducks have always occured

(Figures 12, 14, and 15) at this time. Roost counts for wood ducks in

years 1982-1983 show 4 distinct peaks occuring October 28, December 9,

and January 5, 13, with numbers of 250, 250, 450, 450, respectively.

In 1983-1984, numbers of wood ducks were consistently high the first 3

months with counts ranging from 200 to 800. November 2, 800 birds

were reported roosting in the delta. This number has been the highest

ever reported for wood duck roost counts. During 1984-1985 an excep-

tionly dryer than normal year for the Southeast, wood duck roost

counts were consistently low. Only twice did counts exceed 200, once

on October 7, and again on January 25. During low water years, roost-

ing and loafing sites are unavailable, thus birds are moving to more

preferred areas. Such preferred areas may be elsewhere in the SRSS,

but an investiEation of further roosting sites has not been initiated.

No correlation exists between wood duck aerial survey results and

roost count results. Wood ducks have always been recorded during

aerial surveys, but the aerial estimates have been low and incon-

sistent with roost counts. Roost counts are much better for determln-

ing wood duck utilization of cypress-tupelo swamp ecosystems than are

aerial surveys. Wood ducks have a tendency to congregate in small

flocks, and disperse throughout the non-impacted swamp. These areas

supply an ideal loafing habitat for the wood ducks, The mixed deci-

duous swamps are much more secluded, causing aerial observation to be

difficult. Investigators conducting aerial surveys of this species in

similar habiuans have reached the same conclusion (Bellrose 1980).
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Peak numbers of mallards and wood ducks using the Steel Crook

delta swamp occur at different times (Figures 16 and 17). Mallards

arrive at the roosting site in early November, Maximum numbers of

mallards use the delta during January and February. During 17th Febru-

ary 1982-1983 mallard numbers reached a high of 1,137. Mean number of

mallards during 1982-1983 roost counts were the lowest of the three

wintering periods (1983-1984, 1984-1985). The wintering period of

1983-1984 had three main peaks December 29th, January 25thj and Feb-

ruary 23rd. The highest of these being in January, where 1,715 mal-

lards were observed using the delta. The roost counts during 1984-

1985, wore quite different than the other two periods. Numbers of

mallards using the roost ware higher during the first month, while . .

during earlier years numbers were low. As the season progressed, the

greatest number of mallards ware observed on January 25th, with near

1,900 in the delta. Late in February, numbers dropped off abruptly,

while during the former years numbers usually dropped off in late

March. Possible reasons for the seasonal variation over these years

may be due to climatic' conditions affecting migration, water levels,

and feeding conditions.

Roost counts of wood ducks indicate high numbers during early

season with gradual decrease throughout the winter. During !ate

November through mld-January high numbers are typically observed in

the delta as spring migrants pass through. In 1982-1983 peak numbers

did not occur early as in the other two periods, but high counts

occurred during January. The following two periods 1983-1984, 1984-

1985, had consistently higher counts early, with 1983-1984, having the

greatest number of wood ducks (803) on November 2. On December 15,

1983 a second pulse of 671 wood ducks was observed in the roost.



49

FIGURE 16, Number of mallard observed during roost counts [n Steal

Creek delta from 1982 to 1985.
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During 1984-1985 wood duck numbers were very low after the early pulse

on October 7, where the jreatsst number of 267 wood ducks were ob-

served, A second peak indicating a possible northern sprlnB miaratlon

occurred on January 25, with 215 wood ducks observed in the roost,

Fluctuations in numbers during late winter may also indicate a nor-

thorn spring migratory pulse.

The importance o! the delta as a roost slts can not be over

emphasised. The Steel Creek delta roost is only one of possibly many

within the aReS.

In comparin$ mallard aerial surveys to roost counts, a sitnifi-

cant dif_ersnce exists between those two methods. Each method is

indirectly related to the other in pradictinI usa8 • within the Steel

Creek delta. However, when studied alone, each method provides only a

portion of the mallard numbers usinl the delta, By usinB both methods

separately, a sreatsr understandin$ of usaae can be determined with

respect to loafins, _eedins, and roostina. The delta may be more

favorable as a roostin8 site than a feedint site at certain times of

the year,

Roost counts showed lncreasin8 numbers o_ mallards usinB the

delta from 1982-1983 to 198k-1985 (FIB. 18, 19, and 20), This data

would seem to indicate the delta is being used more extensively as a

roosting site each year.

On January 28, 1983 a difference o! 870 mallards was observed

between roost and aerial survey. This is just one extreme, but _.ypi-

cal!y roost counts will have srea_er numbers of mallards than aerial

surveys.
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During 1983-1984, aerial and roost counts both have three periods

of high usage with aerial survey method having greater numbers.

Of the past three wintering periods, 1984-1985 had the greatest

number of mallards observed during roost counts. A total of 1,903

mallards were observed roosting while only approximatly 50 were ob-

served during aerial surveys, a difference of 1,853.

2.2.5) Habitat Utilization in the SRSS

Habitat is a key component with respect to wildlife in the SRSS.

It not only provides foraging, roosting and brooding sites for water-

fowl, but also serves as spawning and nursery grounds for many commer-

cially-important fish species. In order to fully understand how

wintering waterfowl are distributed among Beaver Dam Creek, Four-Mile

Creek, Pen Branch, and Steel Creek availability of habitat and impor-

tant habitat attributes must be determined. At present, information

pertaining to Beaver Dam Creek is unavailable and only Four-Mile

Creek, Pen Branch, and Steel Creek will be discussed.

Savannah River Plant cooling water effluents are discharged to

onsite streams that empty into the SRSS. The cypress-tupelo canopies

as well as emergent plant communities have been altered and deltas

have been defined where sediments deposit upon the entrances into the

swamp. Pen Branch and Four-Mile Creek are currently expanding at a

rate of 5 to 6 ha/yr (Christensen et el., 1984a; 1984b). Steel Creek

delta no longer receives thermal discharge and floral succession

continues. Cooling water effluents have changed and diversified

normal swamp vegetation. The dense cypress-tupelo is being replaced
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by a mixture of scrub-shrub, persistent and nonpersistent marsh vege-

tation (Figure 21).

Four-Mile Creek is a tributary of the SRSS which has been ther-

mally impacted from C-Reactor since the early 1950s. Flooding has

increased both water temperature and sediment deposition and has had

major impact on vegetation of the swamp around the mouth of Four-Mile

Creek entering the swamp. Foraging habitat for waterfowl were identi-

fied from data collected in 1982 (Smith et al., 1982) [Figure 22;

Table 3). Available vegetation of the Four-Mile Creek delta and
1

surrounding swamp were determined for waterfowl using this portion of

the SRSS. Also determined were importance values of the food sources

[Table 6). The number of mallards using Four-Mile, may differ de-

pending on reactor schedules and river water levels. In all years,

significantly more mallards were observed using the post-thermal

recovery zones of the Four Mile Creek delta than the thermal zones

(Figures 23, 24, and 25). Between mid-December, 1981 and mid-January,

1982, numbers of mallards using the non-thermal area declined while

those using the thermal area increases. Reasons for this are unclear,

for C-reactor was in full operation during late December and early

January, Perhaps climatic conditions and a Savannah River flood event

may have contributed to birds using this area.
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FIGURE 21. Vesetation map of Steel Creek delta based on 1978

aerial photographs and 1981 field _tudies.
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NCyproi|/Tupelo (Closed Canopy)_Cy presk/Tu polo (Reduced Canopy )
(Z_ Shrub -Sorub Zone

Poet-Thermal Reoovery Area
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Bottom land Hardwood Ridges

O qlO0 olOOt,

FIGURE 22. Vegetation map of Four Mile delta and swamp based on

1981 aerial photographs. Arrows indicate direction of

warerflow.
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Table 3. Species composition of the vegetational communities of Four

Nile Creek delta.

SYSTEM PLANT SPEC IES
!

Thermal Delta water primrose

(nonpersltent emergent) amarania

rotala

Post-thermal recovery marsh sedges

(persistent emergent) false nettle

cutgrass

knotweed

wapato

Shrubs water elm

(shrub-scrub) lycopus

pepper-vlne

St. John's Wort

willow

buttonbush

Reduced canopy cypress-tupelo cypress

(mixed deciduous forest) water tupelo

ash

Virginia willow
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, Table 3. continued

SYSTEM PLANT SPECIES

Bottomland Hardwood water oak

(broad-leaved deciduous) laurel oak

sweetgum

elms

possum haw

hackberry

ironwood

sedges

poison oak

greenbrler

grape
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FIGURE 23. Comparison of number of mallards using thermal and

non-thermal areas of Four Mile Creek delta during

1981-1982,
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FIGURE 24. Comparison of number of mallards usins thermal and

non-thermal areas of Four Mile Creek delta during

1982-1983.
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Table 4. Species composition of the vesetstionnl communities of Pen

Branch delta.

in ...... ._L.... I_T.......... _ -- LllmI IFL "F---- ImlIi(LU..... iN _ ........ " ----........_ irl,_ i ii llllL-_-:_ : llll_

SYS_M PLA_r SPECIES

A16al Bed

Theral area water primrose

(nonpereistent emergent)

Post-thermal recovery

(persistent emsrsent marsh) knotweed

cutirass

false nettle

Shrubs wi i low

(shrub-scrub) buttonbush

Reduced canopy cypress-tupelo oak

(mixed deciduous bottomland) loblolly pine

sweetBum

red maple

hickory
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Table 5. Abundance in each mappini unit of Steel Creak delta of plant species

which are used as food by mallards and wood ducks. Happin$ unit symbols

ere (dominant species of each unit in parentheses): R - rooted vascular

aquitic bed (Nyr_pphy!l._ 0_r_a|i!len_se); P - persistent emerlent wetland

(Hydrolel quadr_va!yi|); C - broad-leafed deciduous scrub-shrub wetland

(C_tphs!anth_| oc_cident_!_! and S_!i_ _); O/N - mixed scrub-,hrub/non-

persistent emerient wetland (.C. 9cci_d#n_a!is/Pol_ !apa_hifol_ium); s -

brod-leafed deciduous forested wetland ($alix _); Q - brod-leafed deci-

duous forested wetland (Ou_Ir;um Iyrata * Carps aq, a_.ica - Nyssa _;

T - mixed deciduous _ores_sd wetland (T!xo_i_um diatlchum - _ aqu_,Ics);

?/C - mixed forested/scrub-shrub forested wetland (Taxodium dlstlchum/

Ceph!l_thu_| occidenta!!s). Abundance scale: 4 - abundant; 3 - frequent;

2 - occasional; 1 - present. Water_owl species abbreviations are: M -

mallard; W - woodduck.

um_:.__ ......_ I lilT ,,RIr_lll r Illll ---_ ] ;: / Z........ JL " ! .Jll!llll!! [Imll [lO gJ_ " _ ........ ........ :'- ; _. ..... ;i]--'-'_ ; ]; =

Plant _-.; Ma_,pini Unit ...... ___,.... Water_owl

Species R N P CIN C S TIC T QIy q Feeding on This

Species

Herbs

Aneilema 2 4 3 _ 2 3 3 2 W

Bidens _rondosa I 3 2 3 W

Boshmeril cylindrica 3 3 3 3 3 _ 2 2 1 W

CommaIina vir$1nica 1 W

Eleocharis quadrantulata 1 M

Zleocharis sp. 2

_ypericum waltsri 1 3 3 3 3 I 2 W

Leers ia spp, 3 _ _ _ _ _ h'J

Lemna perpusilla 3 2 HW

Ltldwiiia leptocarpa I 2 2 1 1 W

Hyriophyllumbrasiliense 3 _ 3 2

Panicum asrostoides 3 3 3 6 W

Panicum spp, 1 1 W

Paspalum _lultans 3 _

_aspalumurvlllee I W
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Table 5. (cont inued)

Plant .... ........._pp!nl Unit ..................................... Waterfowl

Speclee R N P C/N C S T/C T Qiy Q Foedlng on This

Specles

....... 22 -12- - .... : ........ 2 ..=_:_ ii , i u,,,,Ir, i i, : _ .... ._ I, I ii .... = : ] irlnl ,_].JuL!l __ : . i i i r _T, : i i u - nNIl::z : , , __

Polygonw hydroptperoides 4 4 4 3 4 3 1 _4

PolyEonum lapachifolium 2 4 1 3 _

Poly6onum sasiccacum 1 _4

Potamozeton barchcoldii 2 _4

Sa$iccaria 8raminea 3 I_4

SaZiccaria laclfolla 4 4 4 4 3 3 I_4

Saururua c,rnuua 1 2 I W

kir_ cyp,rima 4 2 _ 2 2 M

Spirod, la olisorrhtza 1

Shrubs and Saplinss

Cophalanchua occidentalia 2 1 3 3 4 2 4 1 1 _

¥raxinus americana 1 2 W

Fraxinua carolinians 2 4 2 2 4 3 1 W

Liquldambar scyractflua I I I I M

Planera aquacica 2 1 3 2 2 1 W

Taxodium diaCichum 2 2 1 3 I 2 2 1 2 W

Ulmua alaca 1 1 W

Ulmus americana 1 W

Trees

Liqutdambar styraciflua 2 2 2 M

Planers aquaClca 4 3 1 W

Quercua laurlfolla I I &

(_asrcua lyraCa 3 2 _

Quercus mtchauxti 3 _

Quercue nisra 2 _

Taxodium dlsClchum 3 3 4 & 3 W

Ulmus alaca 2 W

Ulmus americana 2 2 W



Tabl8 6. List of plant food species comstm_ by 6 wterfowl species CO_mnlr¥ observed
util izincj Steel Creek Delta. The number designation of each rood species
indicates the percent volume composition in tim diet of each _mterfowl species;
(41=10 to 25_; 13)=_ to 10_; 12)=2 to 5S; 11)=0.5 to L_. Data taken rroa Itzrtin
eL al. (19_1), Bellrose (1980), Cottam (1939), NcGilvrey (1966a), and NcC;ilvrey
(1966b).

F IOta I Mate rfowl o F Iota I Id_terrw Io
Food _ies Food ..Soe¢ies ...

Species HA biD 014 1;14 BD At/ Species RA biD BM GM !10 Nd

Oak 2 11 1 Pickere Iveed 1
Hickory 3 Panic grass 2 4
Wi idai I let 3 1 2 _kgrass 2 2 1 ! 1
Smartweed 3 1 _ 2 3 C_qpe_ ! 2 3
Bul rush 3 3 4 2 IdatertP-_-ssop
0uckveed 3 3 1 3 Paspaulm 1
Spikerush 3 1 2 2 3 It Shoalgrass

3 1 2 k Water pr ims_Dse
Rice 3 2 Itydro(_ioa
Na lad 2 3 _alta_
Wi_rass 2 3 1 3 Glasswort
Arrowhead 2 Water I i I ly 1 ) l 2
Coonta i I 2 2 ldatemi Iroi I 1
Emt_sh 2 1 1 1 3 1 Sedge
Chora 1 Nammgrass 2
Ba Id cypress 2 it 2 2 Ash 2
Wi ldrice 1 1 1 2 B lack_jrtm 2
Beak rush 1 1 1 blmter-e In 2
Savgrass 1 1 2 1 Buttercup 2
Watersh i e I d 1 2 Bi dens 2
Co rdg rass 1 2 Red root 1
i_rreed 1 1 q Havthorn 1 1 3
Sweet_ 1 3 q Hornbeam 1
Ilorn-_ 1 Fanvort 1
Algae 2 3 RiCe cut9 rass Ii 1 1
I#_ Id celery 1 Lizardtai I 1
Sa I tgrass 1 itol ly !

S14A= mallard; _ = wood duck; BW = blue-ringed teal; GW = green-ringed teal;
BD = black duck; AN = American vigeon
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Pen Branch, a thermally-lmpacted area resulting from K-Reactor

operations, has had continuous loss of plant species where this drain-

ass empties into the SRSS. Listinp of available plant species for

waterfowl in Pen Branch (Mike Scott, pers. comm.) as well as Steel

Creek delta (Smith et al., 1981) show floral community diversity

attrlbutable to the effects of thermally-loaded dralnases (Table 4 and

5).

Many species of waterfowl are observed in the SRSS between mid-

September and March (Table i). Wood ducks are present throushout the

year but a substantial turnover of individuals occurs seasonally.

Winterin8 populations are larger than summer populations due to the

o

influx of misratory wood ducks. Wood ducks banded at the 8RP durina

August throush November have been recovered An Minnesota, Wisconsin,

and Ontario, as well as in South Carolina. The remaining species are

present only during the fall and/or winter months, although hooded

mergansers may occasionally breed on the SRP during the spring and

sunuuer.

As was noted earlier, mallards and wood ducks dominate the water-

fowl species present in the SRSS. Mallards do not arrive until late

October with the greatest number present during January and February

(Fi&ure 18, 19, and 20). Mallard numbers decline from late February

until late March. Mallards present during March are late spring

migrants which spend only one to two weeks in the SRSS. Use of the

SRSS area by other species were generally low. Flocks of green-winged

teal (Anas crecca), blue-winged teal (Anas dlscors), gadwall (Anas

_), American wigeon (Anas amerlcana), American black duck (_

_), plntail (Anas acuta), northern shoveler (Anas cl_),
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ring-necked duck (Aythya collaris), bufflehead (_hala albeola),

coot (Fulica americana), and hooded mergansers (Lophodytes cucullatus)

were observed using the SRSS (Table I).

2.2.5.1) Foraging Habitat in the SRSS

The SRSS has been used extensively for foraging by mallards and

wood ducks. Extensive data on food habits from the Southeast are

available for wood ducks but minimal work has been completed on mal-

lards. Fall food habits of wood ducks and mallards were reported by

McGilvrey (1966b) near Santee Refuge, South Carolina. Most food

consumed by these two species consisted of plant food with very little

animal material. A listing of the plant food species consumed by 6

waterfowl species commonly observed using Steel Creek delta is presen-

ted in Table 6. The six most important plant species for wood ducks

in order of importance were: oak seeds (Quercus sp.), bald cypress

' (Taxodium distichum), corn, green hawthorne (_ visidis),

sweetgum (Liquidambar styraciflua), and Asiatic dayflower (Aneilema

keisak). Wood ducks are much more selective in their food habits than

mallards. The six most important food items of mallards, in order of

importance, were: Southern rice cut grass (Leersia hexandra), hy-

drochloa (Hydrochloa carolinensis), sweet gum, buttonbush

(Cephalanthus occidentalis), smartweed (Polygonum hydroPiPeroides ) and

spike rush (Eleocharis obtuse). The dietary requirements of resident

SRP wood duck populations during spring and early fall were discussed

by Lenders et el. (1977) with reference to seasonal habitat selection.
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i Relative use of different foraging habitats on the SRP changed

with seasonal availability of fmportant foods, but showed similarity

in corresponding months of two separate years. The swamp consists of

three main areas; the thermal, post thermal, and cool swamp. The cool

swamp contributed acorns (Quercus hemisphaerica and _. niEra), Asiatic

dayflower, southern smartweed, panic grasses and water elm (Planera

aquatica) to the diet. The post-thermal area was used intensively in

October and November when it provided Asiatic dryflower and dotted

smartweed, two of the foods taken in greatest volume during those

months. The thermal area provided Asiatic dayflower, annual panic

grasses, and nodding smartweed during January and February. With

departure of the migrant wood ducks, relative use of thermal areas

declined and use of the post-thermal and cool swamps increased durlng

March to May, which coincides with the peak of nesting and brood

rearing. Within these areas, female wood ducks are foraging for

invertebrates.

Among the plant foods, acorns were the most important fall and

early winter food in 1973. The food item taken most consistently

during late fall and winter was Asiatic dayflower seeds. Smartweed

seeds were taken inconsistently but were important from late fall to

spring. During August and September, seeds of white waterlily were

eaten in large quantities. Three plant foods were significant but not

major items: sweetgum (Liquidambar styraciflua) seeds in January, duck

potato (dogittania Eraminea) tubers in late winter, and vasey grass

(Paspalum urvillei) seeds in May. Animal foods made up 23 percent of

the diet in March, but accounted for less than i0 percent in other

months (Table 7).



Table 7. HaJot foods by month of 200 wood ducks col lected on the Savannah River Plant From August 1973 to
August 1975 (Landers et al., 1977).

Agg regate Percentage

(10) |14) (10) (10) (13) (10) (10) (20) (24) (21) (41) (17)
Food Item J F H A P! J J A S O N D

Aneilema keisak 17 41 16 28 1 13 21 14
Pan i cure spp. 32 11 27 9 7 2 1 4
Paspaitem fluitans
L i qu idamba r styrac i £ Iua 9 1
Animal matter 7 5 23 4 9 4 8 9 6 4 1 1
Saqittaria gFam inea 4 2 9 1
Planera aquat ica 9 70
Scleria reticularis 9 1
Paspalum urvillei 6 2 4
Rubus cune i fo I i us 1 13 2 "J
Potamo.qeton spp. 28 13 30 2
Spirodela polyrrhiza 30 2 10 5 2 11
Ech i noch ioa wa I te r i 1 20 34 5 15 1 2
Nymphaea odorata 64 41 18
Po Iygonum spp. 11 40 3 3 4 4 8 8 6 27 11 1
Lee rs i a oryzo i des 3 5 1 3 2 3 2 5
Bra sen i a sch rebe r i 10 8 1
Vitis rotundifolia 5 2 1
q,uercus spp. 20 11 32 25
Ludw i g i a I ept.oca rpa 1 11 2 1
Taxod i um d i s't i chum 2 1 16
Hype r icure wa Ite r i 1 2
Boehmeria cylindrica 1 1
Bidens f rondosa 1 2

These composed collectively at least 98.0 percent of the total diet each month.

Aggregate percentage is the average of individual volumetric percentages as defined by Hartin et al. (1946)
and Larimore (1957). Percentages are rounded to the nearest whole number. Values less than 0.51 are omitted.

Numbers in parentheses indicate sample sizes.
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2.2.5.2) Seasonality of Waterfowl Food Species

Various habitats of the SRSS used as waterfowl foraging sites

change depending on seasonal availability of important plant species.

Thermal, post-thermal and cool areas of the sw_ap were used extensive-

ly by mlgrating wood ducks from October through January. The cool

swamp contributes mast (Quercus hemisphaerica and 2. ni_), a highly

preferred food item for wood ducks. Also present in the cool swamp

area: Asiatic dayflower, Southern smartweed, panic grasses, and water

elm (P!anera aqua_ica). According to Landers et al. (1977) and aerial

surveys conducted over the SRSS between 1981-1985, post-thermal areas

of Steel Creek delta provided excellent foraging habitat for mallards

and wood ducks with the majority of food items composed of Asiatic

dayflower and dotted smartweed. Both of which are used intensively by

wood ducks during October and November.

Four-Mile Creek and Pen Branch are both areas of the SRSS which

are used by waterfowl. Four-Mile Creek delta is the more important of

the two area as a foraging site for migrating mallards between October

and February. Pen Branch is apparently of minor importance in this

respect as evidenced by the paucity of ducks observed in this drainage

system. Reasons for use of these sites were discussed earlier in this

report. As determined by the aerial surveys conducted over the SRSS,

these two areas receive little use by wood ducks.

With the departure of the migratory wood ducks during February

and March, moderately thermal areas of Beaver Dam Creek, post-thermal

areas, and the cool swamp were used extensively through May, the peak

of nesting and brood rearing for wood ducks on the SRP. Female wood
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ducks foraged for invertebrates in the post-thermal and cool swamps

more than any other area.

Landers et al. (1977) observed that during July, resident wood

ducks moved to more open areas in the cool swamp and to upland

Carolina bays. Wood ducks feed in Carolina bays and man-made ponds

during early morning from late July until mid-October and in the

afternoon from November to December. During these times, wood ducks

fed intensively on white waterlily, watershield, rice cutgrass, and

paspalum. Landers et al. (1977) never found an abundant number of

wood ducks in the mature cypress-tupelo riverswamp below post-thermal

areas or along flooded hardwood bottomlands. These observations were

different from those made during weekly canoe trips throughout the '

mature cypress-tupelo riverswamp during 1981-1984. Frequently, as

many as 50 wood ducks would be flushed from these open understory/high

canopy flooded areas. Small islands and numerous open areas through-

out the cool swamp below the post-thermal area would act as preferred

loafing sites during midday from October to February. In addition to

the wood ducks, mallards would also frequently use these open pools

surrounded by mature cypress-tupelo stands. Mallards also utilize

these pools as foraging sites for duckweed (Spirodela polyrrhiya) and

acorns. Plant food items make up the largest proportion of the wood

duck diet during each month of the year (Table 7) (Landers et al.,

1977). Acorns were the most important fall and winter food item in

1973. Acorns made up 40.4 percent of the winter diet in 1973, but

only 3.7 percent in 1974 due to a mast crop failure in the region.

That portion of the diet formed by acorns in 1973 was replaced in 1974

by seeds of primrose willow, sticktight (Bidens frondosa), St. John's
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wort (Hypericum walteri), Bald cypress (Taxodium distichum), and false

nettle (Boehmeria cy!indrica). The food item taken most consistently

durin E late fall and winter was Asiatic dayflower seed. Where pre-

sent, this species is preferred by wood ducks second only to acorns.

Wild millet and rice cutgrass were common and amon E the earliest

available seed foods durinE late summer and fall. During AuEust and

September, seeds of white waterlily were eaten in larEe quantities.

Watershield was abundant, but was taken in relatively small amounts.

The shift from white waterlily corresponded with the availability and

use of muscadines (Vit iS .rotundifolia) late in September. With the

departure of wood ducks from ponds and Carolina bays, rinE-necked

ducks arrived and fed intensively on the seeds of watershield and

waterlily which probably dropped to the bottom and became unavailable

to the wood ducks.

Annual foods made up 23 percent of the diet in March, but accoun-

ted for less than i0 percent in other months (Table 7). Increased

feedinE on invertebrates in early sprinE may be related simply to

availability relative to plant species, but from mid-January to early

April, the period just before and durinE nestinE season for wood

ducks, females consumed more (P<O.05) animal foods than did males

(Landers et al., 1977). During other times, intake of invertebrates

never differed siEnificantly between the sexes. These findinEs seem

to follow other trends in food habits of waterfowl durinE this time of

the year (Swansen et al., 1974; Krapu, 1974).



2.2.5.3) Waterfowl Foraging Habitat Enhancement

Foraging habitat enhancement for mallards and wood ducks could

aid these species in meeting energy needs throughout the year. Sea-

sonal differences in SRP waterfowl diets may be a reflection of avail-

ability and/or nutritional requirements.

Habitat manipulation practices in areas adjacent to the SRSS may

increase available foraging sites. Management of selected emergent

vegetation as waterfowl food sources can be very effective in attrac-

ting waterfowl. Perennial and annual food plants may be managed by

drawdowns. Water control structures and adequate water level control

are important in the management of these bays and impoundments.

Drawing water down should be done as late as possible, yet early

enough to a11ow seed production in such fast growing submergents such

as wlld millet, rice cutgrass, and smartweeds. Drawdown dates vary

according to latitude. In the middle Atlantic states, June 20th is

the established drawdown date with a refloodlng by September ist in

order to serve early migrants. In South Carolina, a drawdown in

mid-July and a reflooding by October would be appropiate.

Managing several different impoundments around the upland margins

of the SRSS would be effective for manipulating cover as well as food

' resources for the waterfowl using that area. Cover species composi-

tion can be controlled by time and length of drawdowns. If soils

remain wet, cattails and bulrush are those cover species favored, If

it is allowed to dry, sedges and woodgrass (Sci___us sp.) are likely to

invade. Late spring and summer drawdowns favor submerged plants; mid

and late summer drawdowns favor weedy growth, If desired, planting of

preferred foods for waterfowl can be done,
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2.2.5.4) Waterfowl Roosting Habitat in the SRSS

While studying wintering habitat use by wood ducks in the SRSS,

Costanzo (1980) noted that 93 percent of the wood ducks using the

Steel Creek delta preferred marsh, shrub-marsh, and open water habitat

types, mainly altered by reactor effluent discharges. _"nese three

habitat types are composed of knotweed, buttonbush, and open water

sites. Through extensive ground searches by canoe, wintering wood

ducks were observed during 1982.-1985 utilizing cypress-tupelo swamp

habitat. Use of this habitat was primarily for loafing with llt_le

use for roosting or foraging, although small island communities within

the cypress-tupelo habitat do contribute acorns, a highly preferred

food item for wood ducks.

Preferred roosting sites for wood ducks and mallards were charac-

terized by dense overhead and lateral cover, consisting mainly of

buttonbush. Throughout the roost area, buttonbush was interspersed

with Asiatic dayflower and Southern smartweed. Steel Creek delta, the

only documented roosting area in the SRSS, has a large contingent of
!

mallards and wood ducks. Wood ducks were observed roosting in lesser

numbers than mallards between the months of November through March.

Within the past four years (1981-1985), definite changes in roosting

sites have taken place in the delta. This probably has been caused by

successional changes of habitat and the formation of small pools with

lateral cover. Early roosting sites used extensively are shown in

Figure 26. The area for mallard roosting increased and moved from

deeply flooded areas with cypress-tupelo and buttonbush to shallowly

flooded areas interspersed with buttonbush and deep water pools.
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CA'_OPYPE_r_

_ DEEPWATFJ_(DEEPLY FL(X:DED- PER;'_IENT)
DELTAIC FAN (SHALL_VLYFLOODED" PERPAt;E,_I")

CA',_PYIIOTEDUCED

_ 5EEPWATER(DEEPLY FLOODED- PERMANENT)

EOTTOt,ILAPSDHARDWOODS(SEASONALLYFLOODED)

UPLAt_D(INTERMITTEI|TLY FLOODED)

FIGURE 26, Annual changes in r.he wood duck and mallard roosting

sites in S=eel Creek del=a from 1981 to 1985.
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These shallow areas are ideal feedtnt sites with communities of

Southern smartweed, Asiatic dayflower, pennywort, and parrot-feather.

Beaver dams throughout the delta have contributed to the increased

water levels in many of the roost sites. Wood duck roosting sites

have also shifted, from a well established roost site in 1981-1984 to

a much larger area encompassing much of the recovering area of the

delta (Figure 26).

2.6) Effects of Thermal Effluent on Waterfowl Use of the SRSS

During the study period from fall 1981 until spring 1985, two

nuclear production reactors (IO0-C Area Reactor and IO0-K Area Reac- ' '

tot) and one coal-fired power plant (400-D Area Power) discharged

thermal effluents into the SRSS, comprised of approximately 15 mt 2.

Thermal effluents from K-Reactor via Pen Branch enter the SRSS at

temperatures generally 4,5 ° centigrade higher than the effluents from

C-Reactor via Four Nile Creek (48.5 ° C vs. 44.0°C) due to the 2.2 mile

shorter route taken by 'the K-Reactor discharge (Netll and Babcock,

1971). The thermal loading to Beaver Dam Creek from the 400-D Area

Power plant Is considered to be significantly lower than loading

attributed to reactor operations in other screams emptying into the

SRSS.

The two major usage areas of the SRSS by mallards are the thermal

Four Hile Creek delta area and the post thermal recovering Steel Creek

delta area, The useage of these areas however can vary by significant

proportions from year to year and even through a single winter period.

Although adequate data are not available to quanltlfy the variables



thoush£ to be responsible for observed variations in useale of these

two sites, seneral observations of swamp conditions (i.e., river

erases, swamp water levels, reactor status) were noted durlns surveys

and have led to these probable scenarios. Steel Creek delta useaSe

may bs directly influenced by water level conditions. In addltlon,

there may be a threehhold water level below which access to much of

Steel Creek delta is virtually ellmlnated and waterfowl consequently

must seek other areas of the SR$8 to use. Four Mile Creek delta

useaEe, conversely, may be inhibited by unusually hish water levels

caused by periodic floodin8 of the $RS8 by the SavanI|sh River. These

flood events when accompanied by a C-Reactor "up" period is thousht to

flush the normally southward thermal effluent slus into the eastward

perpendicular channels thus chenglns an otherwise preferred waterfowl

uease site into an intollerable ares. Examples of such instances may

be found durin8 the winter of 1982-1983 and the winter of 1983-1984

(Figures 27, 28, and 29 respectively), Notice how mallard usase

dropped from near 180 individuals in Four Mile Creek delta in early

December, 1982 to zero in early danaury, 1983 and from then remained

extremely low for the balance of the winter season. Similarly, usage

remained low all winter of 1983-198A in Four Mile Creek delta, In both

examples the Savannah river was noted to be breaching the dikes and

the SRSS water level was abnormally hish. Further, C-reactor was

noted to be in operation during these surveys. Thoush quaniiative

data are no_ available from these flood events, strong evidence sug-

gests these to be the relative consequenc0_.

Presented in Figures 30 and 31 are water depths and water temper-

atures from Steel Creek delta and Four-Mile Creek del¢a respectively
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FIOURE27, Locations of mallards (black dora) in the Savannah

River Swamp Syacem during 1981-1982 as determined usina

aerial surveys.
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FIGUI_ 28. Locations of mallards (black dots) in the Savannah

River Swamp $ystom dur_.ng 1982-1983 aa determined using

aerial surveys,
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PIO_E 29, Loca_ions of mallardm (black dotm) in the Savannah

River Swamp Sys_om during 1983-1984.
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FIGURE 30. Relationship of water temperature and depth to numbers

of mallards observed during aerial surveys in Steel

Creek delta during 1984-1985.
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FIGURE 31. Relationship of water temperature and depth to numbers

of mallards observed during aerial surveys in Four _lile

Creek delta during 1984-1985.
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during the winter of 1984-1985. Also shown in each figure are the

number of mallards observed at the respective sites during the 21

aerial surveys of the winter period. This information is of little

value in proving or disproving the scenarios set forth in the previous

paragraph because no major flood events of the Savannah river and no

major changes between site usage occurred during this winter period.

This information is useful, however, for demonstrating conditions

which are favorable for mallard use in both Steel Creek delta and

Four-Mile Creek delta.

2.3.1) Waterfowl Utilization of the Par Pond Reservoir System

Aerial surveys of the Par Pond Reservoir System were undertaken

in the fall of 1981 in conjunction with the more intense aerial sur-

veys conducted over the Savannah River Swamp System. At that time,

the primary concern of SRP Operations was the assessment of the SRSS

waterfowl utilization as related to the restart of the SRP's dormant

L-Reactor. Realizing the extensive use of Par Pond by wintering

waterfowl, SREL personnel made frequent trips to Par Pond for counts

of the waterfowl species there. These first Par Pond counts from the

winter of 1981-1982 are somewhat limited in their scope and no speci-

fic locations of Par Pond were shown to be utilized by waterfowl. A

total of 23 flights were recorded from 4 August, 1981 to 30 March,

1982.

Beginning in the fall of 1982, greater interest in waterfowl use

of Par Pond prompted much closer observation and assessment of speci-

fic areas within the reservoir being used by waterfowl as well as the
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aforementioned frequency of species occurrence. These aerial surveys

were initiated on 24 September, 1982, and were conducted at approxi-

mately one week intervals until 29 March, 1983, yielding a total of 18

flights during this period.

Aerial surveys of Par Pond for the winter of 1983-1984 were

initiated on 4 October, 1983 and included 22 flights. New data col-

lection techniques employed during this winter period enhanced the

efficiency by which waterfowl were counted. During the previous

winter, observers simply tabulated species and numbers on maps of Par

Pond, which required the interruption of observations. The new tech-

nique of recording waterfowl by using hand held mini-cassette record-

ers allowed the observer continous uninterrupted viewing of the flight

path around the Par Pond perimeter. Upon return to the laboratory,

the cassette-recorded data were transferred onto maps according to 36

known specific locations about Par Pond. Problems were encountered

with this new technique, however, when the recorded data for a January

flight vanished, along with a cassette recorder, before the data were

transferred onto maps. Thus, no data on Par Pond waterfowl are avail-

able from January of 1984. The last flight for this winter period was

on 7 April, 1984.
t

The final winter period to be considered here will be the 1984-

1985 season which included 21 flights beginning on 27 October, 1984,

and ending on 23 March, 1985. These surveys were conducted at weekly

intervals with the exception of a flight scheduled for 2 February,

1985, which was cancelled due to poor flight conditions. Unlike the

previous year, the surveys of the 1984-1985 winter were all conducted

on Saturday in order to minimize waterfowl disturbance by normal

weekday human activities on the reservoir.



2.3.2) Review of Past Utilization of the PPRS

Use of the Par Pond Reservoir System as a migratory waterfowl

staging area and winter refuge can be more clearly understood because

of the surveys conducted each winter. A maximum of 19 species were

identified by aerial survey in the winter of 1984-1985. Of these 19

identified species, six were diving duck species, eight were dabbling

duck species, two were grebe species, one was a species of goose, one

was a species of rail, and one was a species of merganser. Other

species are known to be infrequent winter visitors to Par Pond, but

were not identified during aerial surveys. These include the common

goldeneye, oldsquaw, white-winged scorer, green-wing teal, red-

breasted merganser, and common moorhen. The highest waterfowl count

recorded on any single aerial survey of Par Pond during the winter of

1984-1985 was 3,526, on 17 November, 1984. This figure does not

include American coots which numbered approximately an additional

2,000 individuals.

During the 1983-1984 winter season, 16 species of waterfowl were

identified on Par Pond by aerial survey. Species observed in the

winter of 1984-1985, but not seen in the winter of 1983-1984 include

the redhead, black duck, and northern shoveler. The most waterfowl

recorded on any single flight over Par Pond during the winter of

1983-1984 was 3,297, on 30 December, 1983. This figure does not

include an approximate count of 2,000 American coots also present at

that time.

Identified by aerial survey during the winter of 1982-1983 were

15 species of waterfowl on Par Pond, Species observed in the winter
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of 1984-1985, but not observed during the winter of 1982-1983 include

the redhead, pintail, hooded merganser, and Canada goose. The most

waterfowl recorded on any single aerial survey of Par Pond during the

winter of 1982-1983 was 4,434, on 14 January, 1983. This figure does

not include an approximate count of 2,800 American coots also present

at that time.

The limited information available from the winter of 1981-1982

indicates a high of 4,035 waterfowl were on Par Pond during a survey

on 3 December, 1981. This figure does not include an approximate

count of 3,500 American coots also present at this time.

The most consistent occurring and abundant species of waterfowl

found on Par Pond each winter were four diving duck species. These ' .

species include the lesser scaup, ring-necked duck, bufflehead, and

ruddy duck. Counts of these four species of diving ducks during the

four year study period are presented in Figures 32, 33, 23, and 35.

T_ese waterfowl are distinguished from another common group, the

dabbling ducks, by the location of the feet, facilitating improved

diving capabilities. Other distinguishing features of diving ducks

are described by Bellrose (1980). These features of diving ducks make

them more efficient users of greater portions of the Par Pond reser-

voir than the dabbling ducks. When dabbling ducks are seen on the

reservoir, they are often found near shore and in shallow secluded

coves, a less than dominant feature of Par Pond. Figure 36 shows the

maximum number of these four diving duck species observed on Par Pond

during any single aerial survey for each of the four winter periods

surveyed. Lesser scaup were consistently the most numerous species

observed on Par Pond for all winter periods in which data were collec-

ted. There was, however, a net decline of 21.2 percent from the
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FIGURE 32. Waterfowl numbers on Par Pond during the 1981-1982

winter.
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FIGURE 33. Waterfowl numbers on Par Pond in the 1982-1983 winter-

inE period.
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FIGURE 35. Wauerfowl numbers on Par Pond during the 1984-1985

winter.
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winter of 1981-1982 to the winter of 1984-_985. Ring-nackod ducks

wars the sacond most abundant waterfowl spaclas obsarved durln$ the

aerial surveys. A1thoush tha nat daclina from the wlntar of 1981-1982

to the winter of 1984-1985 was lower fqr ring-necked ducks (8,0 per-

cent) than for the lesser scaup (21.2 parcent), much 8reater fluctua-

tions in rlnB-neckad duck numbers were observad between years.

Beilrosa (1980) noted that winter invantory data for rin&-necked ducks

showed large ocillatlons in abundance, but found no significant trends

over a 20-year period. Ruddy ducks ware the third most numerous

watarfowl species present on Par Pond and a net dacllne of 25,0 per-

cent was observed from the wlntar of 1981-1982 to the wlntar of 1984-

1985, The least abundant of the four major diving species occurring

on Par Pond was the bufflahaad. This spaciee experiencad the most

sevare declina of any of the four major species on tha reservoir ovar

the study pariod (62.0 parcant). Erskine (1972) suggested that over-

hunting _d the loss of breeding habitat ware tha primary causes of

reduced bufflehead numbers, Unlike the other threa diving duck spe-

cies discussed here, the bufflehead are a cavity nesting species

similar to the SRP's residant wood ducks. Bufflahsads wintering on

the Chesapaake Bay ware found to have an well-developed ability to

return to specific wintering sites (Limpert, 1980), and other species

are known to have similar, though varying, abilities. Perhaps the Par

Pond winter population of bufflehsad are experiencing severely limited

success on the breeding grounds and subsequent population recruitment,

thus explaining our annual decline in numbers.

Each year, since the early 1950s, during the first week of Janu-

ary, the U. S. Fish and Wildlife Service has conducted mid-winter
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waterfowl surveys across the United States. Hajor wintering areas are

surveyed during this "stable" part of the winter period to estimate

continental and flyway waterfowl numbers. This information is used by

the USFW$ to delineate species distributions during the winter and

along with breeding ground surveys is used to regulate the hunting

seasons, thereby malntalnins population levels in acceptable ranges,

From mld-wlnter sueveys of 1964 to !98S, the Atlantic Flyway

experienced a net decline in the overall duck population of 44,5

percent (2,792,700 to 1,550,401). During the same period, the state

of South Carolina experienced a severe net decline in the duck popula-

tion of 86.0 percent (525,800 to 73,812). If we consider only the

years for which data are available on the Par Pond reservoir (January

1982 - January 1985), and limit the analyses to only the four major

species found on Par Pond, the numbers on Par Pond do not reflect

either the Atlantic Flyway or South Carolina results (Figure 37_.

Again, only one flight over Par Pond during the first week of January

of each year is under consideration here. Since no such survey was

available from the first week of January 1984, we chose to use the

closest survey available (30 December 1983). During the four-year

period examined the Atlantic Flyway had a net decline of 19.0 percent

in numbers of lesser scaup, ring-necked ducks, bufflehead, and ruddy

ducks. The state of South Carolina had a decline of 24.5 percent in

numbers of these same four species. However, the Par Pond reservoir

experienced an increase of 74.7 percent, Such agroes difference

between the Atlantic Flyway, South Carolina surveys and the Par Pond

surveys would seem to demonstrate en increasing importance role

that the Par Pond reservoir is having on wintering waterfowl.
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Fredrickson and Drobney (1979) stated that declines in natural wet-

lands along migration corridors have resulted in greater concentra-

tions of waterfowl on many stopover areas. Currently, counts of

waterfowl on Par Pond are not included in either the South Carolina

surveys or the Atlantic Flyway totals. The South Carolina waterfowl

surveys are divided into two zones (Figure 38). Zone one includes the

inland survey areas of Clark Hill Lake, Richard B. Russell Lake, Lake

Greenwood, Wateree Lake, Santee National Wildlife Refuge, Santee

Cooper Game Management Area, Hatchery Game Management Area, Carolina

Sandhills National Wildlife Refuge, Webb Wildlife Center, Monticello

Lake, Broad River, and Enoree River. The Par Pond reservoir is also

located within the zone one region of South Carolina. During the

four-year study period, there was as a mean of 1,940 more individuals

of the four major diving duck species observed on Par Pond than in all

combined survey areas within zone one of South Carolina (Figure 39).

Zone two, the South Carolina coastal region, includes the Cooper River

and its branches, Cape Romain National Wildlife Refuge, Santee Coastal

Reserve, Tom Yawkey Wildlife Center, Kinloch Plantation, Santee Delta

Game Management Area, Winyah Bay, Brookgreen Gardens, Arcadia Plan-

tation, Samworth Game Management Area, Bear Island Game Management

Area, Savannah National Wildlife Refuge, Combahee River, Ashepoo

River, and Edisto River. During the four-year study period, there was

a mean of 5,895 more individuals of the four main diving duck species

observed in the zone two coastal region of South Carolina than on the

Par Pond reservoir (Figure 39). Therefore, the Par Pond reservoir can

be considered to be a critical wintering area for diving ducks in the

inland region of South Carolina, and is at least as important as some

of the survey areas along the coastal region of South Carolina.
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2.3.3. i) Waterfowl Utilization of Sites Within the PPRS

Waterfowl observed using Par Pond during aerial surveys were

assigned to the 36 specific sites designated in Figure 40. Flocks of

waterfowl observed during the aerial surveys were often of mixed

species, with lesser scaup and ring-necked ducks dominating the larger

flocks. During the winter of 1984-1985, a mean of greater than i00

individuals of the four main species were found at four of the 36

specific sites at Par Pond. These sites included Loyal's Lair, Parrot

Point, Peggy's Point, and the Gold Dam. The largest flock of lesser

scaup (800 individuals) was located at the Gold Dam on 3 November,

1984. The largest flock of ring-necked ducks (358 individuals) was

located at Loyal's Lair on 17 November, 1984. The largest flock of

ruddy ducks (I00 individuals) was located at Susan's Swamp on 23

February, 1985. The largest flock of bufflehead (37 individuals) was

located at Jim's Junt on 16 February, 1985.

Further grouping of waterfowl using the 36 specific sites into

five distinct larger sections of Par Pond allowed an analysis of

variance to be performed. No attempt was made to estimate waterfowl

densities based on shoreline distances of specific sites or the larger

areas. The waterfowl counts for all 21 surveys were square-root

transformed before performing the analysis of variance in order to

normally distribute the data. Significant differences (P < 0.05) were

found between the five areas of Par Pond being utilized by the four

main species of diving ducks wintering on the reservoir (Table 8).

Lesser scaup counts for each of the five major areas of Par Pond dur-

ing the winter of 1984-1985 (21 total surveys) are shown in Figure 41.
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FIGURE 40. Par Pond site locations for waterfowl surveys. These

are: i - Sarah's Beach; 2 - Susan's Swamp; 3 - Fair-

man s Landing; 4- Fred's Bay; 5 - Nancy's Nook; 6 -

Gus's Swamp; 7 - South Dave's Lake; 8 - North Dave's

Lake; 9 - Callahan Slough; i0 - Kim's Cove; ii - Little
Lake; 12 - Nell's Nook; 13 - Erin's Elbow; 14 - Chris's

Cove; 15 - Herde's Inlet; 16 - Loyal's Lair; 17 -

Parrot Point; 18 - Jim's Joint; 19 - Coleman's Cove;

20 - Larry's Landing; °i Beyers' Bay °2 Carol'.. - ; ,. - S

Bay; 23 - Patsy's Cove; 24 - Go!Icy Bay; 25 -Rose-

m_ry s Btv; 26 - Peggy s Point; 2,, - [lehr's rnlet;
28 - Barbara's Landing; 29 - Hike's .Harsh; 30 - Pump-

i

house Cove; 31 - Kenyon Bay; 32 - Dayton s Landing;

33 - Gel'_try'sGulf; 34 - Fran's Inlet; 35 - Jack's Bay;
and 36 - Cold Dam.
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Table 8. Results of the comparisons of waterfowl use of the five

areas of Par Pond using analyses of variance of square-root

transformed counts of the four main species during the
1984-1985 winter using a 0.05 level of significance.

Areas being Waterfowl Species

compared

Lesser Ring-necked Buffelhead Ruddy

Scaup Ducks Ducks

Hot Arm NS NS NS NS

vs

Big Lake

Hot Arm .0069 .0182 .0001 .0452

vs

West Arm HA < WA HA < WA HA < WA HA < WA

West Arm NS .0027 .0001 NS

vs

Big Lake WA > BL WA > BL

Hot Arm NS NS NS NS

vs

East Lake

. East Lake NS .0209 NS NS
vs

Big Lake EL > BL

East Lake NS NS .0001 NS

vs

West Arm EL < WA

Hot Arm .0004 NS .0352 .0001

vs

North Arm HA > NA HA > NA HA > NA

North Arm .0003 NS .0118 .0001
vs

Big Lake NA < BL NA < BL NA < BL

North Arm ,0001 .0160 .0001 .0002
v$

West Arm NA < WA NA < WA NA < WA NA < WA

North Arm .0001 NS .0016 ,0018
vs

East Lake NA < EL NA < EL NA < EL

NS - not significant
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Lesser scaup counts were significantly lower in the North Arm than in

all four other areas. Also, the Hot Arm had significantly fewer

lesser scaup than the West Arm (P=0.0069). No significant differences

in lesser scaup counts were observed between any other combinations of

the five areas. Ring-necked duck counts for each of five major areas

of Par Pond during the winter of 1984-1985 (21 total surveys) are

shown in Figure 42. Significantly more ring-necked ducks were ob-

served in the West Arm than in the Hot Arm (P=0.0182), the Big Lake

(P=0.0027), or the North Arm (P=0.OI60). Also, significantly more

rlng-necked ducks were observed in East Lake than in the Big Lake

(P=0.0209). No other significant differences in ring-necked duck

numbers were observed between areas. Bufflehead counts for each of

the five major areas of Par Pond from the winter of 1984-1985 (21

total surveys) are shown in Figure 43. No significant differences in

bufflehead counts were observed between the Hot Arm and Big Lake, Hot

Arm and East Lake, or Big Lake and East Lake. All major areas of Par

Pond had significantly more bufflehead than the North Arm. Bufflehead

were observed in the West Arm in significantly higher numbers than in

the Hot Arm (P=O.0001), Big Lake (P=O.0001), or the East Lake (Pc

0.0001). Ruddy duck counts for each of the five major areas of Par

Pond (21 total surveys) are shown in Figure 44. Ruddy duck counts

were significantly lower in the North Arm than in any other areas of

the reservoir. The only other significant location interaction was

found between the Hot Arm and the West Arm (P=0.0452), as higher

numbers of ruddy ducks were observed in the Hot Arm than in the West

Arm.
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Perhaps one o! the moat notable results of these analyses was

that lesser scaupt butflehead, and ruddy ducks were found in ii_nlfi-

cancly fewer numbers in the North Arm than iu all four other areas of

Par Pond. Rinl;-necked ducks in the North Arm were only silnlficantiy

different from counts in the West Arm where they were more frequently

seen. Undetected dlS_erenclS between the North Arm and the remaLning

areas were due primarily to one popular ring-necked duck location in

the North Arm; South Dave's Lake, the larl|est; shallow cove found Ln

the North Arm. Sisnificanc di55erences in coun¢e o5 all four tested

species were observed between the Hot Arm and ths West Arm (lesser

scaup (P=0.006g), ring-necked duck (P=0.0182), bufflehead (.P=0.0001),

ruddy duck (P=O.OO01), ruddy duck (_P=0.0452)). Only the ruddy ducks,

however, were more frequently seen in the Hot Arm than in the West

Arm. The other three species were more abm_dant in the West Arm.

Another interestlns observation was the hishly sisniflc'nt preferred

use o5 the West Arm by buSflehead over all other areas of the Par Pond

reservoir.

2.3,3.2) Characterization of PPRS Waterfowl Usase

2.3.3.2.1) Tlme-Budge_ S_udles of Divln8 Ducks on the PPRS

Recently, studies have been initlated to investigate the actlvl-

_ies of waterfowl utilizin& the Par Pond reservoir system (Vdnsilder,

1983) During the winte rof 1982-1983, the dlurnal time-activities

of wintering lesser scaup, r_ng-necked ducks, and ruddy ducks _n the

Big Lake portion of Par Pond _ere studied Behavior da_a collect_d
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were grouped into five major behaviors including feeding, swimming,

comfort movements, resting, and sleeping. These behaviors were ana-

lyzed for the main effects of species, sex, time of day, week, and

their interactions. These main effects all significantly influenced

the feeding behavior, however, no significance was found for the

interactions of the main effects. Lesser scaup, ruddy ducks, and

ring-necked ducks spent, on average, 26.3, 29.8, and 43.0 percent (SE

m i.8) of their time feeding, respectively. Females, of all species

|pent, on average, 4,4 percent more time feeding than did males.

During the mld-day, all species spent less time feeding. There was a

Beneral increase in percent of time spent feeding by all species from

late November through March. Swimming behavior was significantly

affected by species and week. Lesser scaup, ruddy ducks, and ring-

necked ducks spent, on average, 35.4, 20.6, and 23.3 percent (SE =

1.4) of their time swimming. For all species, the percent of time

spent swimming increased from November to mid-winter and declined

through March. The percent of time spent resting and sleeping exhibi-

ted significant interactions between week and species.

In general, ruddy ducks spent less time resting (x = 10.1 per-

cent) and more time sleeping (x = 31.7 percent) than did either lesser

scaup (rest, x = 25.6 percent; sleep, x = 4.1 percent) or ring-necked

ducks (rest, x = 23.1 percent; sleep, x = 4.8 percent). Comfort

movements were not influenced by any main effect or inEeraction and

averaged 6.6 percent. These results suggest that lesser scaup, ring-

necked ducks, and ruddy ducks are capable of using different behavior-

al strategies to exploit available wintering ground resources.
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Another study of the time-activities of lesser scaup, ring-necked

ducks, and ruddy ducks on Par Pond was initiated during the winter of

1984-1985. This study includes both diurnal as well as nocturnal

observation of waterfowl behaviors. Nighttime observations were made

possible by the use of an infra-red night-vision scope. Observation

blinds were constructed in three areas of Par Pond including Kenyon

Bay-West Arm, Cold Dam-West Arm, and Loyal's Lair-East Lake. These

sites are all located within ambient water temperature regions of the

reservoir. This study will continue during the winter of 1985-1986

and no results are yet available (J. Bergan, pers. comm.).

2.3.3.2.2) Food Habits of Diving Ducks on the PPRS

An analysis of the foods consumed by lesser scaup, ring-necked

ducks, and ruddy ducks on Par Pond was initiated during the winter of

1983-1984 (Hoppe et al., in press). Waterfowl specimens were collec-

ted weekly, by shooting, from October 1983 through March, 1984.

Esophageal and proventriculus contents were preserved from each car-

cass and were sorted, identified, and volumetrically measured in the

laboratory. The collection technique did not allow individual areas

within the reservoir to be sampled, thus, all samples were grouped

according to species, sex, and season only. Sample sizes included 13

ruddy ducks, 14 lesser scaup, and 60 ring-necked ducks. Small sample

sizes of ruddy ducks and lesser scaup prevented extensive statistical

analyses as were performed on ring-neck duck food habit data. The

results were summarized by aggregate percent volume, percent occur-

rence (Swanson et al., 1974), and aggregate percent dry weight
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(Prevett et al., 1979). Potential diet differences (P < 0.01) among

species were examined with Kruskal-Wallis tests. Significant differ-

ences (P < 0.05) in food item selection were found among the three

co-occurring species with the exception of dragonf%y nymphs (Odonata).

Ring-necked ducks were generalists in the selection of food items,

with > 55 percent of the total aggregate volume consisting of plant

material (Table 9). The major plant items consumed were water lily

(Nymphaea odorata) seeds, spike rush (Eleocharis sp.), and unknown

vegetative parts. The major animal foods were snails (Gastropoda),

comprising approximately 50 percent of the animal foods consumed. The

ruddy duck diet (Table 10) consisted of 59 percent animal foods with

midges (Chironomidae) comprising 97 percent of animal volume. Spike

rush and unknown vegetation were the most important plant foods.

Animal foods comprised 89 percent of the lesser scaup diet (Table ii),

of which 72 percent were clams (Pelecypoda). These findings are in

general agreement with food habit studies conducted elsewhere

(Bartonek and Hickey, 1969; Harmon, 1962; Cronan, 1957; Thompson,

1973; and McMahan, 1970). Differences by sex and season (October -

December 1983 vs. January - March 1984) were examined with Wilcoxon

rank sum tests for ring-necked ducks and by season for lesser scaup.

Female ring-necked ducks consumed more (P < 0.05) snails than did

males. Ring-necked ducks consumed fewer (P < 0.i0) clams (Corbicula

fluminea) during late winter (January - March). Lesser scaup consumed

more (P < 0.i0) animal matter during early winter than late.

The ramifications of these food habits results are more clearly

understood if we also consider the work on Par Pond by Brisbin et al.

(1973) and Clay et al. (1979). Between October 1971 and May 1972,



Table 9. Food items from Ring-necked Ducks (N=60) collected during fall and vinter 1983-84 on Par Pond.

Fa I I Wi nt_er Tota I

tRale (_N=lh) Female (N=10) Hale (N=12) Female (N=24)

a b a
Food Items Agg._ _ Dry Wt. Agg._ _ Dry Wt. Agg._ _ Dry Wt. Aggr._ _ Dry WL. Agg._ _ Dry Wt. _ occurrence

_Nm_y__ha_ea odora__a_ 21.8 25.0 45.0 34.4 10.O 16.0 15.O 14.3 21.8 23.5 50.0

Eleochari s spp. 0 0 10.2 24.9 27.9 25.5 11.1 15.2 11.7 15.3 38.3

E leochari s equ= soLo=des O 0 Tr. C Tr. 0 0 0.3 0.2 0.1 Tr. 5.0

H_y_per i cure spp. 3.03 3.9 0 0 0 O O 0 0.5 0.7 1.7

Boehmeria cyl indrica 3.03 1.9 0 0 0 0 0 0 0.5 0.3 1.7

Pol_'qonum spp. 3.03 3.3 0 0 0 0 1.ti 1.1 1.1 1.1 5.O

Erianthus q i qant, eus 0 0 Tr. Tr. 0 0 0 0 Tr. Tr. 1.7

Brasenia schreber i 0.1 0.1 Tr. l.q 0.3 0.8 0 0 0.1 0.4 8.3

Pinus _taeda 0 0 5.0 7.6 0 0 0 0 0.8 1.3 1.7

Pinus spp. O 0 0 0 0 0 0.5 0.8 0.2 0.3 1.7

Potamocjeton spp. 0 0 Tr. 0.5 0 0 Tr. Tr. Tr. 0.1 3.3

Hyrica cerifera 0 0 0 0 0 0 1.4 0.6 0.5 0.3 1.7

Cype rus spp. 8.7 9.0 0 0 0 0 0 0 1.6 1.6 1.7

Unknown seeds 0 O 5.0 2.4 11.2 11.1 8.3 11.1 6.4 7.0 21.7

Unknown vegetation 31.8 29.3 Tr. 0.1 18.1 14.6 11.2 5.2 11.6 10.5 28.3

Total Plant Food 71.5 72.5 65.2 71.3 67.5 68.0 42.2 48.5 56.9 62.4

Diptera

unknown O O Tr. Tr. O O O O Tr. Tr. 3.3

Chi rorlom i dae 0.6 TF. Tr. Tr. 11.7 10.6 1.tl 0.1 2.9 2.2 15.0

Taban idae 0 0 0 0 0 0 0 G 0.1 0.1 3.3

Lep idoptera

Pyral idae 0 0 0 0 0 0 O 0 Tr. Tr. 1.7



Table c) . ConL_ued.

i
Fa I i Wi nl_er Tota I '

Male (N=lq) Female (N=IO) Hale (N=12) Female (N=2tt)

Food Items Agg._ _ Dry WL. Agg._ _ Dry Wt. Agg._ _ Dr_ Ht. Agg._ _ Dry Ht. Agg._ _ Dry Wt. _ occurrence

Ga stropoda

Pt_hysella he___£o__ 9.1 9.1 12.2 11.ti 2.1 2.9 6.9 6.2 7.2 6.7 30.0

tlel ,soma spp. 0.4 0.1 7.3 5.6 6.2 9.0 32.8 3tt.1 16.0 16.4 35.0

Pe I ecypoda

Corb ict=la flLLm!!De_aa 18.2 18.2 12.2 10.5 0 0 10.1 36.1 9.4 7.5 18.3

Odona ta e

Ani sopLera |Nymphs) 0.2 Tr. 3.0 1.0 10.4 8.0 5,1 3.7 6.2 3.7 21.7

Coeagr J ldae 0 0 0 0 0 0 0 0 1.0 Tr. 1.7

Co Ieopte ra c_

unknown 0 0 0 0 2.1 1.6 1.4 1.0 Tr. 0.7 3.3

Dyt i sc idae 0 0 Tr. O. 1 0 0 Tr. Tr. Tr. Tr. 5.0

Tr ichoptera

Phrygane i dae 0 0 0 0 0 0 0.3 0.1 0.1 Tr. 1.7

Unknown insect case 0 0 TF. Tr. 0 0 0 0 0.1 Tr. 3.3

Unknown insecta O O 0 0 Tr. Tr. Tr. Tr. Tr. Tr. 3.3

Total Animal loud 28.5 27.4 34.7 28.6 32.5 32.1 58.0 51.3 43.0 37.3

a. (Swansof, et al. 1974) - aggregate.

b. (Prevett et al. 1979) - aggregate.

c. o.1%
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Table I0. Food items from Ruddy Ducks (_N=I3) collected during fall and winter

1983-84 on Par Pond.

Aggregate

Food Items % Vol, (a) % Dry Wt. (b) % Occurrence (a)

Nymphaea odorata 6.1 7.2 7.7

Eleocharis sp. 15.4 15.4 15.4

Unknown vegetation 11.9 7.9 23.1

Unknown Seeds 7.7 7.7 15,4

Total Plant Food 41.1 38,2

Diptera

Chironomidae 57.0 60.8 69.2

Culicidae 0.7 0.7 7.7

Gastropoda

Helisoma spp. 0.4 0.2 7.7

Odonata

Anisoptera (Nymphs) 0.8 0.i 7.7

Coleoptera

Dytiscidae Tr. (c) Tr. 7.7

Total Animal Food 58.9 61.8

a. (Swanson et el. 1974)

b, (Prevett et el, 1979)

c. 0.1%
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Table Ii. Food items from Lesser Scaup (N=I4) collected during fall and winter

1983-84 on Par Pond.

Aggregate

Food Items Percent (a) % Dry Wt. (b) % Occurrence
(a)

Eleocharis sp. Tr. (c) 0.I 7.1

Unknown vegetation 10.7 11.9 25,5

Total Plant Food 10.7 12.0

Diptera

Chironomidae 3.6 2.7 21,4

Gastropoda

Physella heterostropha 6.6 8,0 28.5

Hellsoma spp. 13.3 16.8 28.5

Pelecypoda

Corbicula fluminea 50.3 45.8 57,1

Anodonta umbecillis 14.0 14.2 14.2

0donata

Anisoptera (Nymphs) 1.5 0,5 0.5

Total Animal Food 89.3 88,0

a. (Swanson et al. 1974)

b. (Prevett et al. 1979)

c. 0.1%
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waterfowl were collected by Brisbin et al. (1973) on the reservoir to

examine radiocesium body burdens. Waterfowl collected included coots

(215), common moorhens (3), pied-billed grebes (9), horned grebes (6),

ruddy ducks (7), ring-necked ducks (3), bufflehead (5), lesser scaup

(6), black terns (I), and common terns (6). The coots showed rela-

tively higher levels of radloceslum accumulation than any of the nine

other species studied. Feeding habit studies of the coot have shown

that they consume a high proportion of algae and other aquatic vege-

tation. Brisbin st al. (1973) suggested that such dietary habits may

help to explain the higher body burdens of the coot relative to other

species, most of which tend to utilize a higher proportion of animal

matter in their diets. Wlth this in mind, ring-necked ducks, noted by

Hoppe st al. (in press) to consume greater proportions of plant matter

than lesser scaup and ruddy ducks, would be expected to exhibit the

highest radiocesium body burdens of the diving duck species found on

Par Pond.

Clay et al. (1979) collected waterfowl on Par Pond during the

winter of 1977-1978 to examine the patterns of mercury contamination.

Waterfowl collected included coots (180), horned grebes (7), lesser

scaup (3), bufflehead (6), and ruddy ducks (3). Levels of mercury in

the largely vegetarian coots were found to be considerably lower than

levels in other, more carnivorus, waterfowl species from Par Pond.

From these results, the lesser scaup, whose diet consisted of 89

percent animal matter on Par Pond, could be considered a potential

carrier of the highest mercury levels among the diving species winter-

_ng on Par Pond. Food habits studies on Par Pond and elsewhere have

been instrumental in the explanation of observed contaminant levels in

the mobile waterfowl species.
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2.3.3.2.3) Habitat Attributes of the PPRS

Par Pond is a 1,120 ha nuclear reactor cooling impoundment with

an associated watershed comprising 9,324 ha. Average depths in the

reservoir are 6.2 meters with the greatest depth found near the Cold

Dam (16.8 meters). The complete shoreline length of Par Pond is 53

km. Three major arms extend from the main body of the reservoir

(Figure 40), and include, from north to south, the North Arm, the Hot

Arm, and the West Arm. The North Arm received heated effluent from

R-Reactor until mid-1964. The Hot Arm presently receives heated

effluent from P-Reactor via the 57 ha precooling Pond C and the Hot

Dam. The Par Pond pumphouse, with a rated pumping capacity of 275,000

gpm, is located at the shallow end of the West Arm. The Cold Dam is

located at the south end of the impoundment across Lower Three Runs

Creek. Excess water leavin$ Par Pond by way of the Cold Dam surface

skimmer takes a 29 km flow path to the Savannah River (Neill and

Babcock, 1971; Lewis, 1974),

The major concentration areas of winterinE diving ducks on Par

Pond are located in waters known to be 6 meters or less in depth.

This does not mean that deeper waters are not utilized by these spe-

cies, but rather that their occurrence in deeper zones are less fre-

quent. FIEures 45 and 46 show the depth contours of Par Pond and the

waterfowl concentration sites for 1984-1985 respectively. Bellrose

(1980) noted that lesser scaup were normally seen diving in areas less

than 7,5 meters in depth, while ruddy ducks were noted to dive in

waters 3.0 meters or less, On Par Pond, ruddy ducks have been ob-

served diving in waters known to be as deep as 7-8 meters, however.



°
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Ring-necked ducks are generally users of shallower waters (2.0 meters)

occupied by emergent or floating- leaved vegetation.

A study initiated in 198& (Grace, 1984) provided a partial char-

acterization of the distribution and composition of the vegetation

types of Par Pond. Fifteen sites (Figure 47) were examined in detail

and the results suggest that Par Pond wetland communities are middle-

to-late successional with fairly low species diversity and with a high

amount of dominance. Grace (1984) concluded that these developments

at the community level were probably attributed to the maintenance of

stable water levels in the reservoir. Comparisons of "hot," "warm"

and "cold" areas of Par Pond showed that the primary differences

between areas In wetland vegetation were the absence of certain spe-

cies from the "hot" and "warm" areas although very little of the

variation in species distributions seemed to be co_related with the

thermal regime of the reservoir. The depth distributions of the

aquatic species shown by Hoppe et el. (in press) to be of dietary

value to Par Pond diving ducks are given in Table 12, These depth

ranges by no means would reflect the complete distribution of all

plant parts, especially seeds dropped by these species, which are the

primary component utilized as food by these waterfowl, Various seed

dispersal mechanisms contribute to the much greater range of water

depths at which the seeds may be found.

In 197& and 1975, Grace (1977) studied the distribution and

abundance of submerged aquatic macrophytes in Par Pond, Grace con-

cluded that the presence of such species did not vary greatly amon E

the he,lied and unheated areas, although the relative compositions of

the macrophyte communities did vary among areas. Myriophy!lum spicatum
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Table 12. Depth distributions of Par Pond emergent vesetatlve species.

Taken from Grace (1984). Waterfowl food species are marked

with an asterisk.

Sp,ci,,...._-_................__ .... _sit;,.......................Mi., D,pt-h,°cm''_''......._,MaXb,p,_h_;_cm_
"-.['_ ................. ,,, ........................ : ........ ,,, __ ...... ::: ........:_T_ rr,_l[J'- LIL L i

7 10 60

w

N_phaea odorata , 7 50 *-

white-water iily 8 10 25

9 95 -*

14 55 2i0

14 85 --

W
E!eocharle quadranxu- 1 lO 75

lat.__.aa,square-stem spike i 15 75

spike rush 1 30 70

15 35 73

Brasenia schreberi , 9 95 --

watez shield 14 55 150

spp., 4 0 20

smartweed 7 20 30

Boehmeria cYlindrlca,_V 3 0 20

false nettle

Erianthus EiEanteus,w 3 0 20

slant plume grass 4 0 20

6 5 10

7 5 I0

7 0 t5

8 above water i5

14 S 10



123

and Eleocharls acicularls comprised 92 percent of the total biomass in

the unheated portions of the reservoir while the same species com-

prised only 64 percent in areas elevated by five degrees Centigrade or

more. _ guadalupensi s and Potamogeton susillus had greater bio-

mass at heated than unheated areas. Table 13 shows the relative

occurrence values of Par Pond macrophytes classified as either emer-

gent, floating-leaved, submerged, or free-floating submerged. Hoppe

et al. (in press) noted that diving ducks on Par Pond made use of

submerged aquatic plants including Eleocharis spp. and Potamogeton

spp. Other plant species noted to be of dietary value to diving ducks

are shown in Table 14.

Polisini and Boyd (1972) collected Par Pond aquatic plants to

determine the nutritive values based on cell-wall fractions. Inter-

specific differences in protein content of the plants examined were

termed as important in food-web considerations. Protein content has

been shown to be more closely associated with noncell-wall material

(cytoplasm) than with cell walls. Emergent macrophytes have a more

rigid supportive structure and correspondingly more cell-wall

(fiborous) components than submerged and floating-leaved plants.

Although the greatest majority of identifiable plant food items con-

sumed by diving ducks on Par Pond were seeds. Hoppe et al. (in press)

noted percent occurrences of unknown vegetative parts as high as 28.3

percent of all foods consumed by ring-necked ducks. These aquatic

vegetative parts were probably submerged aquatic macrophytes whose low

cell-wall fraction values, with consequently faster digestion, and

high protein content prompted selection of these desirable species.



Table 13. Hacrophytes of Par Pond. Occurrence values include Four subjective categories: O - insufficient information;
i - ir=?requent; 2 - common; and 3 - Frequent. From Grace (1977). Waterfowl food species are marked with an asterisk.

Spec i es Occurrence Species Occurrence

EHERGENT SUBHERGED I

Eleocharis equisetoides (Ell.) Torrey _ 2 Bac0Pa caroliniana (Walt.) Robinson 2

Eleocharis Quadranqulata (Hichx) R. & S* 2 Chara zeylanica KI. ex Willd. _ 1

Juncus err¢=_u__sL. 0 _ L. Sp. 1

tudwiqia Jeptocarpa (Nuttall) Hara. O Eleocharis aclcularis (L.) R. & S.* 3

Pontederia cordat, a L. 1 Myriophyllum heterophyllum Michx. e 1

Saqit_taria latiFolia Willd.* 0 Iqyriophyllum spicatum L.* 3 p-d

_o

Scirpus L. spp.* 2 Na.jas qracillima (A. Br.) Floron9.* 1 4>

Sparqanium americanum Nuttall 2 _ guadalupensis (Spreng.) Horong. e 3

Typha L. spp. 3 Nitella acuminata A. Br. ex Wallm. 2

FLOAT I NG-LEAVED Pot amoge1_on d ivers i fo ! i us Raf. _ 2

Brasenia schreberi Gmel.* 2 Potamoqeton nodosus Poiret* 2

Hydrocotyle umbeilata L. 2 Potamoqef;on pusillus L.* 3

Nelumbo lutea (Willd.) Pets. 3 Sagitf;aria qraminea Nichx.* 1

Nuphar advena Alton 1 Saqittaria _eres Wats. _ 1

Nymphaea odora_a Alton* 2 Vallisneria americana Hichx. * 1

Nymphoides aquatica (Wait.) Ktze. 1 FREE-FLOATING: SUBMERGED

Ceratophyllum demersum L. t 1

Ul_ricularia intflaCa. Walt. 2
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Table 14. Plant species known to be of dietary value to diving ducks. The

number designation of each food species indicates the percent

volume composition in the diet of each waterfowl species 4-10 to

25%; 3 - 5 to 10%; 2 - 2 to 5%; I - 0.5 to 2%. Data taken from

Martin et al. (1951), Bellrose (1980), and Cottam (1939).

PLANT FOOD

SPECIES Ring-necked Duck Lesser Scaup Bufflehead Ruddy Duck

Polygonum spp.,

Smartweed 2

Scirpus spp.,

Bulrush 2 1 1 4

Lemnaceae,

Duckweed 3

E1eocharis spp.,

Spikerush 3 1

Potamogeton spp.,

Pondweed 2 2 3 4

Zizania spp.,

Rice I

Najas spp.,

Naiad I i i

Ruppia sp.,

Widgeon Grass i 4 1 2

SaEittaria spp.,

Arrowhead 2 1
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Table 14. Continued

PLANT FOOD

SPECIES Ringnecked-Duck Lesser Scaup Bufflehead Ruddy Duck

Ceratophyllum spp.,

Coontall 3 1 4

Cephalanthus sp.

Button Bush 1

Cyperus esculentus

Chufa 1

Zizanla spp.,

Wild rice 3

Brasenia sp.

Watershield 4 1

Zannichellia spp.,

Horned Pondweed 3

Vallisneria spp

Wild Celery 2

Chara zeylanica

Musk Grass 1 2 2

Nymphaea spp.,

Waterlily 2 2

Myriophyllum spp.,

Watermilfoil 1



Table 14. Continued.

PLANT FOOD

SPECIES Ringnecked-Duck Lesser Scaup Bufflehead Ruddy Duck

Cyperus spp.,

Sedge 3

Diplanthera wrigthli

Shoalgrass 1

Jussiaea spp.,

Water Prlm Rose 1

Algae 1
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Benthic invertebrates have been shown in numerous studies to be

of varying importance in the diets of waterfowl (Cottam, 1939; Harmon,

1962; Krull, 1970; Thompson, 1973). Studies conducted on Par Pond

have shown that benthic invertebrate species richness is generally

lower in the vicinity of the Hot Dam than elsewhere in the reservoir

(Bowen) 1976; eden, 1977). No differences in densities of the rams-

horn snail (He!isoma trivolvls) between the Hot Dam site and pumphouse

site were revealed by Johnson's (1975) dip net samplin s. However,

Hellsoma anceps was virtually absent at the Hot Dam althouEh abundant

at the pumphouse site. Johnson (1975) also found the thermal toler-

ances of these two species to be significantly different, thus

explaining the observed differences in abundance between samplins

sites.

From December 1983, throush Hay 1984, macroinvertebrates were

sampled from nine locations in Par Pond (Fisure 48), The percent

composition of major macroinvertebrate taxa at each of the samplins

locations is presented in Table 15. Dipterans (true flies) were the

most abundant macroinvertebrate Stoup collected, accoutinE for 55.9

percent of the organisms in the macroinvertebrate samples. Chiro-

nomldae (midges) and Chaoborus punctlpennls (phantom midge) comprised

99.5 percent of the dipterans that were collected. Hoppe et el. (in

press) found that ruddy ducks on Par Pond consumed 59 percent animal

foods with Chironomldae comprising 97 percent of this animal volume.

Hacroinvertebrate samples collected near the bottom of Par Fond con-

sistently contained more taxa and higher densities than surface sam-

plea (Table 16). No apparent differences in the vertical distribution

of macroinvertebrates were observed between the Hot Arm and the other
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Table 15. Percent Composition of Major Macroinvertebrate Taxi Collected in

Par Pond and Pond B. December 1982 - May 1984.

Diptera 61.5 65.6 B0.4 67.6 85.I B7.9 35.7 53.7 64.5 38.7 40.0

Trichopteri 4,8 1,2 3.6 2,3 0,9 l.l 1.2 2,6 8.7 15.0 6.8

OdonItI O,S 0.0 0.6 0.5 0.0 0.0 0,0 0,9 0.2 0.8 0,0

Emphemeroptera 0,0 0.0 0.0 0,8 0.9 0.0 0.0 l.l 0.8 0,4 0.0

Amphipoda 0.0 0,0 3,3 9,0 0,0 0,2 1,6 4,5 1.2 19,3 5,3

Oss_opoda 0.5 3.5 0.6 0.0 0.9 0.8 0.8 8.6 0.40.t, 0.0

PelecypodI 3.0 2,3 0.0 0.0 4.3 1,1 52.2 l.O 0.2 0,0 0,0

Olilochaecl 27.4 26,4 3.6 20,5 3,4 !.7 2,0 21,h 5,9 1,9 17.1

TurbelIeriI 0.9 0.1 0.9 2.3 0.0 0.0 0.0 0.5 0.6 5.9 1.4

Nemsl:oda 0,4 0,0 0,3 0,0 0,0 0.0 0.0 0.1 O.l 0,0 0,3

Hydracarina 0.7 0.8 5.9 6.4 2.9 1.7 3.6 1.7 16.4 9.4 0.2

Osttacoda 0.2 0.0 0.3 0.S 0.3 0.t, 0.8 _.9 0.| 7.4 29.0

O_her 0.0 0.0 0.5 0.0 1.3 5.1 2.1 1.0 0.9 0.8 0.0

II ...... ::_ :::_L I' [E :.:L .::: ill, ,i,l_r, II!l]l I . .... : Z::_,tL:L ................

* 82 includes only dill from December 1983 1:o January 1984,
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Table 16, Vertical dlstrlbution of macroinvertebrates in Par Pond and

Pond B, December 1983 - Hay 198_, Taken £rom Gladden

et el. (198Sb),

Mean Density

Sup zinto He.n_Numb.rof _TJx_ CQr__an_._ml!O00m3).

._ 2.6 3,7 _9_ 75s

H2 l.e 3,o 14s los3

N! 3,2 3,7 18S 376

N2 1.5 3.8 lOb 572

O_ 3.z 3,9 zl4 33o

D2 3.7 3.4 3_o 437

z: 2.6 3,_ 1oo 374

Par Pond (overall) 2,8 3.9 193 626

el 3,7 8,4 2t,6 t.167

Pond Ii (overall 3,h 8,2 386 3690

_B2 _nclude_ only data from December and Janoary_



sampling sites on the reservoir, Diel (2_-hour)variations in macro-

invertebrate taxa present and densities were assessed by sample col-

lections at four-hour intervals durins 24-hour periods in Februery and

in Hay 1984, Distinct diel patterns were observed, with most species

exhibitins hishsr nocturnal densities (Table 17), Nishttime densities

were 8snore!Iv an order of masnitude hisher than daytime densities,

The phtmtom midas Chaobrus punc_ipenn_s, exhibited the most dramatic

nocturnal increases in density and 8chorally accounted for 96 percent

of the macroinvertebrates collected ac nijht, J, hrsIm (pore, comm.)

noted inareases in the feedin8 behavior of ruddy ducks on Par Pond

durinj nocturnal observations. If ruddy ducks on Par Pond are indeed

usinj this food resource at nijht_ it would be a previously unreported

phenounon for this species and represents a clear demonstration of

the ruddy duck's ability to alter behavior itratejies to exploit

available winterise |rounds resources,

The Asiatic clan (Cgrbia..la f l_inea) is en introduced species

which is found in most major river systems of the United States.

nurin8 Hay, June, and July 1977, 9fatten and Fuller (1979) surveyed

various aquatic habitats of the Slip and found no evidence that the

Asiatic clam had then reached the Par Pond reservoir, [n recent

years, however, the Asiatic tim has become well established and may

oven dominate the bivalve mollusks in the reservoir. Hoppe et el, (in

press) found t.het animal roods comprised 8g percent of the lesser

sca.p diet, of which 72 percent were clams, These clam. were domi-

nated by a sLnsle species, the Asiatic clam, The 8reatest concen-

trat;onJ of the Asiatic clam tn Par Pond occur in areas adjacent to

she Hot Arm 4nd to the West (Intake) Arm (Table 18), which indicates
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Table 17. Diol differences in the number of ¢axa (per 50 m3), and

densities of macroinvertebrates (per 1000 m3) in

Mtroplakton samples. February and May 1984. Taken from

Oladden et el. (1985b).

Fobruary .... _ - Hay ...... _..........____

T&me No, No,

T:LmoPeriod Time Taxa Density Tdtxa DenniCy

1 6 a.m. - lO a.m. 6,2 696 6,9 1,841

2 10 a.m. - 2 p.m. 6.1 689 6.5 1,123

3 2 p.m. - 6 p.m. 5.0 360 4.2 700

6 p.m. " 10 p.m, 7.0 85,243 6.9 59,342

5 10 p.m. - 2 a.m. 9.7 103,825 11.2 471,959

6 2 I.m. - 6 a.nn. 7.9 84,98.9 8.4 253,863

.I [[JJl _-- I IlLrJll .... I J i ii [ii j i Irlr _ I If[ .......... j .... IH i _ .... i I fill[ I " -_J _ _ --_ ....
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Table 18. Number of Specimens, Size, and Density/m 2 of Corbicuia

flumine F Collected from Ponar Dredse Samples in Par Pond and

Pond S. February and Hay 198/+. Taken from Gladden et

el, (19SSb).

-- ........ -- i rzmll]lU]l : ,i ..... n ±1 - nl_,!f_i i j]_ -; ...... ,,nl,,r , x, , • .... , ............

No. of abel! Lan£th ....... Mean

Location Specimens Ranss (_) Mean (ram) Denstcy/m 2

February 1984

Par Pond

He1: Arm 14 4,8 -29.4 14.4 50.2

Inl:ake Arm 12 7.9 - 24.6 15.8 43.1

Cold Dam 1 10.3 10.3 3.6

North Arm 0 - - 0

Pond D 0 - - 0

May 1986

Par Pond

Hoc Arm 406 1,0 - 27.8 5.2 1456.7

Intake Arm 109 1.2 - 24.8 3.1 391.1

Cold Arm 1 9.5 9.5 3.6

North Arm 0 - - 0

o - - o
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that its distribution is influenced by flow patterns resulting from

reactor operations.

The effects of diving duck (Aythylni) predation on macroinver-

tebrate numbers and blomass, as well as the relationship of food

quality with increasing water depth, was investigated with the use of

exclosures during the winter of 1983-1984 on the Par Pond reservoir

(Smith et el,, submitted). Thirty exclosures (I by 2 meters) were

established along depth contours on the north and south sides of the

Cold Dam. Benthic invertebrates were sampled three times during the

winter period; November I, 1983, January I, 1984, and March i, 1984,

' Core samples were taken inside and outside of each exclosure on each

sampling date. Chironomidm were the most numerous organisms found in

the benthlc samples, while Corblculidae made up the major portion of

the biomaas. Results of these studies indicate that there was no

s!gnlflcant (_Pm 0.I0) impact of winterinS diving ducks on Par Pond

marcoinvertebrate taxa in terms of numbers or blomass. Total biomass

of all invertebrates tended to be greater (_P,, 0.0347) in shallow

water zones than in deep water. Corbiculidae density was found to be

independent of depth. The total blomass of all Chironomids was great-

er in deep water zones than in shallow water zones.

2.3.3.3) Effects of Thermal Effluent on PPRS Wintering Waterfowl

Since the Par Pond reservoir serves as a production nuclear

reactor cooling reservoir, portions of Par Pond are significantly

elevated in temperature during the reactor "up" cycles, Currently,

only the SRP's P-reactor discharges thermal effluent into the PPRS,
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Detailed evaluations of the heat distribution and dissipation within

the Par Pond reservoir are given by Lewis (1974) and Neill and Babcock

(1971), During the period from I October, 1984, to 31 Hatch, 1985,

P-reactor was "up" for 81,3 percent of 182 days, All aerial survey|

of Par Pond were conducted during "up" periods with the exception of

one flight on 17 November, 1984, which was flown durlns one of five

routine refueling or "down" periods of P-Reactor which generally

required five to six days to complete. Counts of waterfowl observed

in the Hot Arm of Par Pond during the winter of 1984-1985 are shown in

Figure 49. Aerial survey counts were grouped together within reactor

cycles to note any possible trends in Par Pond usase. Lesser stoup

and ring-necked duck counts were found to fluctuate significantly

within reactor cycles _P n 0.0302 and _P- 0.0497, respectively), though

no discernable trends could be attributed to thermal influence, No

significant differences were found in the counts of lesser stoup,

ring-necked ducks, or bufflahead between the Hot Arm and all combined

ambient areas of Par Pond among the reactor cycles. Only the ruddy

duck showed any significant differences in counts between the warm and

ambient areas of Par Pond among the reactor cycles. During thl last

reactor cycle of the winter of 1984-1985 study period, two of the last

four surveys indicated significantly more ruddy ducks uainB the Hot

Arm. Had this difference been found during a mid-winter reactor cycle

when no waterfowl on Par Pond were in transient migration, this could

have been meaningful, however, £t is our feeling that this significant

difference only reflects the probable random distr£butlon of waterfowl

resting briefly on Par Pond as they miBrate through the area. These

birds probably had no prior experience in selecting preferred sites on
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the reservoir. Analyses were also performed to test if waterfowl

would seek the warmer regions of Par Pond during the coldest ambient

air periods of the winter. Mean 48-hour air temperatures including

the day before and day of the aerial survey were associated with each

flight count. As mean air temperatures dropped below 7.2 degrees

centigrade, counts of bufflehead and ruddy ducks increased signifi-

cantly on Par Pond (P = 0.0023 and P = 0.0447, respectively). No such

effects were found for either lesser scaup or ring-necked ducks,

however. Also, no significant movement of Par Pond waterfowl toward

warmer areas of the reservoir occurred as mean ambient air tempera-

tures dropped below 7.2 degrees centigrade (P > 0.30).

2.3.3.3.1) Effects of Thermal Effluent on Common Moorhen Nesting

Behavior

Data collected on nesting common moorhens (Gallinula chloropus)

during the 1985 breeding season suggest that moorhens may utilize the

thermal water within the Hot Arm of Par Pond as a source of incubation

heat (i.e., when the nest is left unattended by the incubating adults,

the eggs may have a lower rate of heat loss).

Data were collected on 14 common moorhen nests in thermal areas

and 9 nests in ambient areas of the Par Pond reservoir between I May

and 3 July, 1985. Several nest-site parameters were measured: i)

height of nest above water, 2) outside diameter, 3) inside diameter,

4) depth of nest bowl, 5) distance to nearest shore, 6) water depth at

nest, and 7) plant species in which each nest was constructed. Mean

nest heights from thermal and ambient areas were 5.79 cm, SE = + 2.64
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and 21.41 cm, SE= _ 5.88, respectively. Outside diameters from ther-

mal and ambient areas were 23.46 cm, SE = + 0.73 and 26.04 c,m SE = +

0.65, respectively. A simple t-test applied to each of the dependent

variables revealed that nest heights as well as outside diameters were

significantly different between thermal and non-thermal areas of the

reservoir (N=23, t = 3.17, P < 0.005; and N = 23, t = 2.45, P < 0.03).

No other parameters were found to vary significantly between loca-

tions. All nests in the sample were constructed of cattails (Typh@

spp.). One moorhen nest located nearest to the source of thermal

water entering the Hot Arm (less than I00 meters) also had the highest

height above the water. _is nest was deleted from the data set

because it was felt that an upper threshhold heat limit had been

exceeded and the moorhens had increased the distance between the water

and nest in order to compensate for nearness to the heat source.

Nocturnal mlcro-climate parameters were measured at each nest

site on 22 August, 1985. P-Reactor was "up" during the sample period

and thermal effluent entered Par Pond at the west end of the Hot Arm.

Parameters measured include wind speed, surface air temperature, nest

air temperature, surface water temperature, surface percent relative

humidity, and nest percent relative humidity. Nest air termperatures

and percent relative humidities of all nests were recorded immediately

adjacent to the actual nest site because nest structures had been

destroyed as the nesting season progressed. Thus, no insulative pro-

perties of the nest structure are incorporated into these values.

Temperature of nest air (Hot Arm: x=25.33, SE=+O.14; West Arm:

x=23.21, 5E=+0.24), surface air (Hot Arm: x=26.11, SE=+0.27; West

Arm: x=24.46, SE=+0.27) and surface water Hot Arm: x=+33,29,
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SE=_+0.25; West Arm: x=29.87, SE=_+0.12) varied significantly (P <

0.001) between sites.

Adult common moorhens nesting in thermal portions of the Par Pond

reservoir may exhibit behavioral and physiological adaptations to an

altered environment. Common moorhens are known to be territorial on

the breeding grounds (Petrie, 1984; Wood, 1974) and considerable time

and energy are spent defending resources vital to reproduction. Time

spent incubating may be less for birds in thermal areas. If this is

correct, other aspects of reproductive effort (i.e., slze of terri-

tory, clutch size, chick survival, chick growth, adult lipid reserves,

renesting) may be affected, in addition, if adults spend less energy

for incubation, females may allocate some of these savings toward

production of higher quality eggs. Egg quality may be related to

fledgling success and survival of young common moorhens.

2.3.4) Waterfowl Utilization of Pond C

As stated earlier, waterfowl aerial surveys of Pond C did not

begin until January 1984. Waterfowl use of Pond C is minimal compared

to the rest of the PPRS. This reduced usage of Pond C is due to the

elevated water temperatures (> 36 degrees Centigrade) of the thermal

effluent in that impoundment, which restricts the area's availability

for waterfowl to narrow littoral zones or "down" periods of the reac-

tor cycle. A total of eight species of waterfowl have been known to

use Pond C (Table I). In the first winter it was surveyed (January 28

to April 7, 1984), Pond C was used by only five species represented by

23 individuals. These included ring-necked ducks, lesser scaup,
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buffleheads, ruddy ducks, and pled-billed grebes. The majority of the

use (56.6 percent) of this precooling impoundment was in February of
#

that year. Of the 11 days on which Pond C was sampled, P-Reactor was

"down" for only four of these days. However, 69.6 percent of the

birds were observed on those days surveyed during the reactor "down"

cycle. During the 1984-1985 wintering period, waterfowl use of Pond C

was reduced from the previous year. Only four species (lesser scaup,

ruddy ducks, gadwalls, and pied-billed grebes) represented by 17

individuals were seen on that impoundment from October 27 to March 23.

The majority of the birds (82.4 percent) were seen in November. The

remainder of the ducks were present only in December. During this

sampling period, P-Reactor was "down" for only 9.5 percent of the days

surveyed, but 76.5 percent of the birds were seen on those days.

Areas used in Pond C during the "up" period in the reactor cycle

include the backs of the major coves (moatdock, Canal and Sanctuary),

the backs of smaller coves along the eastern shore, and the 20 m

margin of the impoundment adjacent to and off of the Hot Dam. During

reactor "down" periods, the entire pond is available, and this is also

the period of maximum use. Waterfowl seen during ground observations

on Pond C included 3 American Coots and 12 Buffleheads. These birds

were all seen during the reactor "up" periods, were within i to I0 m

of shore, in 1 to 3 m of water, and in surface water temperatures

between 38.5 and 40.0 degrees Centigrade. Wood ducks were also seen

during these observations in Sanctuary Cove, but no water parameters

were measured. The only waterfowl activity observed on Pond C to date

has been loafing. Although not observed, feeding is a potential

activity in the back of the major coves on Pond C with the following



waterfowl forage species present: arrowhead, bulrush, _ spp,

and needle rush (Parker et al., 1973).

2.3.5) Waterfowl Utilization of Pond B

At present, Pond B is unique in the PPRS because it no longer

receives thermal effluent, As a result of this, waterfowl use of Pond

B is substantlal. A total of twelve species of waterfowl are known to

use Pond B (Table !), Durin$ the first survey year (1984), nine

species were observed on this impoundment represented by 651 indi-

vidual birds, These included the four main species (Fiaure 50) seen

on Par Pond plus mallards, wood ducks, gadwall, northern shoveler, and

pied-billed grebes. Of the four main species, bufflebeads were the

most abundant (Nm22&), followed by ruddy ducks (N=201), lesser scaup

(N=96), and ring-necked ducks (N=55), The entire winter period

(November to April) was surveyed on Pond B during the second season,

Eight species represented by 1,152 individuals were observed during

this period. The species composition was similar to that of the

previous year, excluding mallards. The four main species were again

the most common (Figure 51) with ring-neckad ducks being most abun-

dant. However, compared to the same sampling period of the previous

year, total waterfowl numbers were down (N=269), No waterfowl be-

havior observations have been made on Pond D, Waterfowl food species

found in Pond B include: spikerush, waterlily, pondweed, and bulrush

(Parker et al., 1973).
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3) W_D DUCK#|PmODU_ZYE[CO_Y ON_ SRP

3,1) tntr_uction

The _ dusk is a seamen year-round reiident on the fJRP(Norris,

1983; Hayer at al,t lgei)_ Then tesLdent birds on the tits are a

Qoeponeflt of the southern portion of the breedin8 rinse of this ape-

Gill and are not ililratory (Sol trots, 1980). The wood dusk is also

the only waterfowl tpeaie| to breed commonly_ the late (Gladden et

al., 19Oil). Limited nsstlP4 by _od omrianserl (__,y.J_j _-

laiul) is known to sieur on the |lap (rendlsy, 197|). In odditLon, one

breedinl reeord for *the tutllard ha8 been doouomnted for Aiken County

odJs_ent to _he |avan.ah River (Norris, 1963)i however, these birds

ely have been escaped 8u fan ito¢;k (|. l,. IJrtablfl, Jr,, pore,

ao_, ),

Wood dusk use of CarolAna bays _ the IRIS on the |RF was noted

as early el 1958 (Norris, 1963), Wood dusks were tb_dant legally as

a breedin4 speaies prior _o the closure of the |RP to _he public in

1952 (Murphy, |g37). In the mid-lg30J v_ ducks were 0mat commonly

found in _ypreis swmpt end |tloons Ln this ire! (Hurphy, 1937), This

lpeciet is the only one present on the mite that ts known to use most

of the available open water hibttit on the |RP (Table l), Wood ducks

nes_ on the SRP frog January throulh July (Gladden et el,, 19859),

NorrLs (tge)3) s_ated r,hat _n late s_er, many wood ducks _ended to

|mire _he SRSSand v Lsi,t Carolina bays on the SRP, where seed forase

tend;lions for _hls species were found.
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Because of the unique breedinii status of this species Oh the SRP,

i irene deal of emphasis hal been directed t_ard studyinii their

reproductive basle|y, Reesirch on this topic his included a five-year

study on the reproductive biolo|y of this species on the site end a

nest box utilisation survey. The nest box utilisation survey was

initiated in i973 (rendley, 1970) and has been continued on a Site-

wide bilil up to the present. In addition, the proposed restart of

L-RelGtOr ill thouiiht tO represent i potential for eLther the coaplete

dntruetion or at least i r_uetion of _ duck neatin8 habitat in

the Steel Creek corridor _d delta due to the direct diiaharja of

theme effluent. [n 1983, it vie deaided to nitLsate this poll/bit

ion of nestles sites by ereaSinit additional neat boxes in suitable

habitat tMjecent to the Ilia dritnije st Steel Creek that would not

eftect_ by reactor effluents. With the a_atruction of L Like. the

potential lose of nesti_ habitat Ny be reduaed aa a result of the

projeGted lwer water t_raturae of _he reenter effluent. However,

the full t,,pict of the [.-Reactor restart his ye_ to be deternined.

3,2) Hethode

The wood duck nest boxes were inspected, repaired, and prepared

for [he helltini season by puffins fresh v_ lhivinjJ in every box

durin8 the _nth of January, Neat boxes were then checked weekly fro,

Fqbr.ary t _ntL| J.ne 30 to cot|set the reproductive b_o|oty d4ta_

lnc.batinil hens were capLured and banded vith a C_ S Fish 4ridWild-

life Service |el bind. The hen's tarsws ionian yes measured Ln menand

her Lotai body we_lht was t4ken in 8, The bird _4s then re|etsed,



Any ellis present in the nest boxes were numbered for 1tier identifi-

cation, lenlth and breadth were measured, and they were returned to

the nest. Each elL8 wil candled to determine the stile of Lncubetion.

A mean incubation time of 30 days was illumed, me presence of e88i

in a nest box that were in two or more etaiel of incubation indicated

that the nest was d_ nest (two or more hens liyin8 e88a in the mime

nest box). Boxes were then Ghecked dilly beiinnini on the 28th day of

Lnaubation until the du=klinll were hatched, Ducklinlis found in the

boxes vere yah-tiNed vLth No, ! Hone1 tLeh.tLnlerlLn8 tills to tllw

|ater Ld_t/fLaatLon at adu|tl, 8LnL|dlr to the hens, the duakILnj'8

tarsus lenjth wit assisted _d the total _y weLBht van taken, The

bLrda earl then returned to she nest. AspeGts of the wood dusk repro-

duotlve eaolo_ beinj studied Lnoluded: herLtabLILty of clutch, *88,

ud _y ella; correlatLons between *88 ILl, and LnLtLII ducklLnj

veLBht; streets of nut predatLon lid abindor_ent| uovsmant pitternl

of neitin8 hens; effects of dip neitLnl on the overal! neltLn8 suc-

sell| effects of water level fluctuitLon8 on nestLnj success. A nest

was ClSleLtLed as Successful Lt Lt produced one or more ducklLnis. An

_su_celsful fleet occurs for one of two reasons, eLther neat abandon-

ment by the hen or predatLon of the nest end/or hen durini the incuba-

tion psr_, PreditLon of nest tile frequently (:lUllS r.hl hen to

abandon the nest, A total of 162 nest boxes hive been used on i

varLible basil throuBhout r.he SRP (Fissures 52 and 53), Line I, com-

posed of tour boxes located Ln the sr.and_n8 timber aro.nd Par Pond,

were no_ _hecked after lqBl because Lhe only document.sd use in those

sltes ,41 by s¢.ree_h owls ((_tut _). Line K 4r. Jesse K,nnedy Pond

WaS nor. checked 4ft.er Ig81 beceule Of ,.he lick of use of _hose nesr.
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boxes and logistical problems with the accessibility in checkln$ them,

Lines S and A-14 were destroyed as a result of the construction of L

Lake. This loft a total of I$I nest boxes site-wide for the 1985

nestins season. Specifically in Steel Creek, 3S old boxes remained

from previous years a-_ 33 new boxes remained from the 1983 nest box

llne expansion.

3,3) Results and Discussion

3.3.1) Slts-wlde Results

Fifty-seven nests were initiated in the nest boxes site-wide' by

wood duck hens durln8 the 1985 nestins season, Of these, 38 layin| or

iflcubat;in8 hens were captured in chose boxes, gishl; of these were

birds which had been web-tauad as duckllnas, Four of these hens were

one-year old birds which were nestlng for the flr|t time, The other

four were older birds which had not been prevlously recaptured since

being web-tagged. Bighteen of the remainlng birds were banded hens

with known prior nesting histories. The last elght hens were unmarked

birds which were captured for the first time, Of the 20 recaptured

nesting hens, 40 percent were found in the new boxes, First-year

returning web-tagged hens accounted for 20 percent of these recaptured

birds. Only one of these flrst-year birds initiated a nest in one of

the new nest box lines,

Thirty or 52,6 percent of _:he ness;s initiated were successful, A

total of 329 ducklings were produced in all of the SRP hood duck nest

box l tnes in 1985,
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3.3.2) Steel Creek

Thirty-eight nests were initiated in the 68 available nest boxes

in the Steel Creek drainage and adjacent mitigation areas. The major-

ity of the nests initiated (57.9 percent) were in the new boxes (Fig-

ure 54), The new nest boxes also had a higher percentage of success-

ful nests, 72.7 percent as compared to 50.0 percent in the old nest

boxes. A total of 263 ducklings were produced during the 1985 season

in the Steel Creek nest boxes. The majority (174 or 66.2 percent)

were produced in the new boxe,_. Nest initiation and duckling produc-

tion was down compared to last year because of lower rainfall and

water levels before and during the nesting season than in 1984 (Figure

55). The number of ducklings was dramatically lower in some of the

mitigation sites established in Carolina bays because these areas

dried up to a level that prevented any hens from nesting during the

normal second nest initiation peak in May and June. Nest initiation

was also reduced in 1985 (Figure 56) in the Steel Creek delta (Line R)

because of low water conditions and the advanced stage of succession

of the flora in that location. As succession continues in the delta,

nest initiation is likely to continue to decrease over time.

3.3.3) Upper Three Runs Creek

Five nests (19.2 percent) were initiated in the nest box line Q

in the Upper Three Runs Creek drainage. Eleven ducklings were pro-

duced in those nest boxes, Of the five nests, one was successful, one

was abandoned, and three were predated. Nest initiation in the Upper
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FIGURE 54. Wood duck nest box utilization and success for the

Steel Creek nest box lines for 1985.
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FIGURE 55. Percent utilization and success of wood duck nests in

the Steel Creek beaver pond and the new Steel Creek

nest boxes from 1979 to 1985.
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Three Runs Creek drainage is related to the water level in the system.

During dry years when the Savannah River is low, only the main stream

channel contains water. Because the floodplain is not inundated,

there is very little suitable brood-rearing or foraging habitat° As a

result of this, wood duck hens tend not to initiate nests in the nest

boxes along Upper Three Runs Creek. in 1985, water levels were very

low. As a result, only five nests were initiated. During wet years

(e.g., 1983), the percentage of nest boxes utilized in this drainage

can be considerably higher (Figure 57). However, problems can occur

during years of high river flooding, if the flooding occurs early in

the nesting season, nest boxes can be completely under the surface of

the water and, therefore, would not be available to nesting hens. If

flooding occurs late in the season, entire clutches of eggs can be

covered with water and killed.

3.3.4) Dump Nesting by SRP Wood Duck Hens

Dump nesting is a typical behavior of wood ducks regardless of

the geographic locality in which they nest (Clawson et al., 1979). It

is also normally found in both cavity and box nesting hens (Clawson et

al., 1979). Dump nesting may result from a number of factors.

Robinson (1958) related it to a scarcity of nest sites. Jones and

Leopold (1967) associated dump nesting with density of wood duck

populations. Behavioral causes such as displaced adult hens or inex-

perienced yearling hens have also been suggested (Grits and Rogers,

1965). In general, dump nesting has been found to be beneficial to

most wood duck populations (Heusmann et al., 1980). In 1984 on the
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SRP, dump nests made up 32.1 percent of the nests initiated (Fisure

58). in 1985, 35.8 percent of all nests initiated were dump nests

(Figure 59). Of these, 81.0 percent were successful in producin6 a

total of 211 ducklings. This is 63 percent oE the total number of

ducklings produced on the site durinl this put season, Thin is due

in part to the !arlar clutch sizes (10 to 26) found in dump nuts.

Normal nests range in size from 7 to 16 ease on the SRP, In addition,

both predation and abandonment rates (both 9.$ percent) are lower in

dump nests compared to normal nests on the nits, 7he tea|one gor thin

are inexplicable, but the soma results have bean reached at other

locations (Hauemann at el., 1980). Dump nests ales tended to be more

prevalent in early- rather than late-season nests. 7hie name seasonal

frequency has been found elsewhere (Grits and Relate, 1965).

3.3,5) Unsuccessful Nests!

Predation accounted for 29,8 percent of the unsuccessful neets on

the SRP during 1985. There are two major predators of wood duck

nests/eggs on the site, the red-headed woodpecker (He!anerpee erthro-

cepha!u P) and the black rat snake (E!aphe obsolete). The red-headed

woodpecker pecks holes in exposed eggs in the nest boxes. The reason

for this behavior is not known. This depredation, however, is the

lesser of the two and usually does not destroy the entire clutch. In

contrast to this, the black rat snake will consume all of the eggs

present in a nest box. In the past, depredation rates resulting from

this species have been as high as 50 percent. In the past 4 years,

predation by this species has decreased (Figure 60). Data collected
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i black rat snake mark-recapture study durint the nest box survey

indicates thtt individui| snakes vii| return annually after success-

fully predatinl a nest _x, Althouih still hLlher thin the old Lines,

the percentile of suGceeifu| nests Ln the nem lines was down from last

year. This ill due entirely to eU predation by the red-helded wood-

peeker. Zn aontrant to eM predation by the black rat mnaks which vim

vLrtuIlly elLaLnjted in the nov lines by erectinS the nest boxes on

ilumLn_ poles, predation by the red-headed woodpeckers cannot be

prevented. The lon8er the nest boxes remain available, the |renter

the chinese that red-he.led v_peokere wLil find and later prey upon

any e&lje present. Therefore, red-headed _pockar predation will

Lncreua Ln an ex_etinj nut box line with time. Abandonments accoun-

ted for !7.6 percent of uns_cGeeeful nests. The nuber of these nests

that were alsoGLlted with predation attempts Le unknown,

3,3.6) Occupation of Nest Boxes by Other Species

One of the factors affeetLn8 the numbers of nests initiated

durLn8 a season is the utL|iltation Of these boxes by other csvLty

neetLnB or dvellLn8 npecLss, Occupation of nest boxes by these other

animals excludes wood duck use o| these boxes end therefore reduces

nest availabilityinitiation. Fortunately, thai use O| the nest boxes

is normdily low (4 15,0%). Amen8 those species which hive been pre-

sent Ln wood 4uck nest boxes on the SRP ere: screech owl; hooded

merlanser; yqLtow-ehefted flicker (_ _urat_!); Eastern blue-

bard t_ s_); t,f_ed titmouse (_ bLcolor); 8reat; cres_ed

flycatcher (_ crLnttus); prothonotary warbler (Pro thonoc_rt4
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c_rea); southern flyins squlrrel ( woians); 8ray squirrel

( ca |); honey bees (_ Melllfsra); and social vespid

wasps (Family Vsspidae). Wood duck nest box competition was sreatesc

by Eastern bluebirds and then by erect crested flycatchers, in X985,

the n_ber of nests occupied by these other species were as follows:

screech owl- S, hooded merEanaor - 1, honey bees - 7, Eastern blue-

birds - 13, sreat crested flycatcher - 9, tufted titmouse - 3, yellow-

shafted flicker - 3, prothonotary warbier- I, and iray squirrel - 3.

in |eneral, the nestin| by passerines does not hinder wood duck nest

initiation since the smaller birds do not normally nest until the

later half of the wood duck neatin| season. However, in 1985, one

[astern biuebird did build a neat and lay a clutch of eUs on top of a

wood duck nest with a clutch of el,is in it. Fendley (1978) reported

an averqe of 7 percent occupation of his wood duck neat boxes by

screech owlm. Fendiey (1978) aiao noted a minor occurrence of nests

of hooded mar|sneers and two passerines in nest boxes.

3,3.7) Wood Duck Hen Population Dynamics

Seven years of capture-recapture data from the population of

female wood ducks on the S_P were used by Hepp et el. (in prep) co

estimate the population size, recruitment and survival, and co aster-

cain whether chase wood duck hens were philopatric. Table 19 summari-

zes the capture-recapture data in Leslie Method B, cable format

(Leslie and Chitcy, 1951), A cecal of l_._ individuals were captured

end banded durLn| 1979-1985, Annual estimates of population parame-

ters, standard errors and arithmetic means ere presented in Table 20,
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Table 19, Hen wood duck capture-recapture data summarized in Leslie

Hethod 8, table form (Leslie and Chitty 1951).
_IL___]_ (lIlJ : --_-'" "-:: " ........... ....... i .... : Z _ ii : - - ' ........ : _ ....... i, .......... : ........

Capture Year
__J I III fl ................. IIIII I ] I I[ IIII II III III I - rTn[F ....... _T _-- _ " _ Z: ..... _[ III

Year returns
were last

1979 1980 i981 1982 1983 1984 1985 previ_ .sly causht
-- .............. ....... ...... _ ............ _ ,,iin _ i .... ,i IT[ Illl ) : -_'" _ _:_:_ _ ..... _;

8 1 0 1 0 0 1979

7 $ 0 0 0 1980

11 1 0 0 1981

19 0 0 1982

21 2 1983

22 1984

1985

0 8 8 16 21 21 24 Returns

28 14 13 16 27 32 14 Hew birds banded

28 22 21 32 48 53 38 Total cau&ht

28 22 21 32 48 53 38 Total released

..... r ..... J I illTlrI I II I II I IIH I ........ I II III J _IlIIIl I I Ill : fill Ill' I ] ]I! : Ill I



fable 2U. Jolly-Seber estisatel or population pt_ters for breeding ferule v0od ducks.

Capture Proport i on

Population size Survival rate Itecrui_l; I)_bi I ity nmrlu_

1919 - - 0.41 0.07 ....

1980 29.5 5.9 O. 71 O. 1_ 23. II lO.I; O. 69 O. 36

1961 qtl .q 11.6 0.62 0.08 10.0 6.7 O. Itlt O. 36

198;? 31.5 3.8 0. _9 O. 03 2_. 7 1.9 O. 83 O. 54)

1983 it8.0 0.0 0.._3 0.06 37.11 ._.8 1.00 O.lik
s,--,.

198q 63.1 7.5 .... 0.82 O.ItO

1985 ........ 0.63

_ns 44.5 3.1 0.57 0.02 2_. 1 2.1 0.76 0._5

Bzas-adjus&ed estimates or Seber (1962) are presented. Goodmmss-or-fit (Pollock et il., 198_)

X 2 _- 3.14. 6 dr. P - 0.71.
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Estimates of population size ranged from 29 to 63 breeding females,

and recruitment estimates varied from i0 to 37 individuals (Hepp st

al., in prep). Annual survival rate averaged 0.57 and ranged from

0.41 to 0.71. Mean estimated survival of hen wood ducks from this

study (Hepp et al., in prep) did not differ significantly (z=1.82;

_P=O.07) from average survival rate (0,52) of adult female woo d ducks

in the southeastern United States (1973-1983) calculated from band

recovery data. The philopatric nature of the wood duck hens on the

SRP was documented, such that surviving hens had a high probability of

returning and being captured again in the nest boxes (Hepp et al., in

prep).

3.3.8) Results of the Mitigation Program

The success of the program to mitigate the loss of wood duck

nesting habitat in the Steel Creek drainage has not been fully evalu-

ated. In general, the expansion in the number of nest box lines in

1983 did dramatically increase the duckling production in this area.

From 1981 to 1985, the number of wood duck ducklings hatched out in

the Steel Creek nest box lines increased from 90 to 269 birds (Figure

61). A peak of 341 ducklings was observed in 1984. Excluding unfor-

seen factors, e.g., an increase in the predation rate or an extremely

low annual rainfall, this increased level of productivity should be

maintained within this system. However, the ultimate success of this

program should not be measured by the number of ducklings produced

each season. Rather, it should be evaluated in terms of the number of
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Steel Creek Duckling Production

_) '00 r gO 2,0 2.0 34, 2S.
L New Steel Creek Ooxee
r 86.7

"..,

4o

; 20L liE8_Other SteelCreek 183

0 3.7a. _0.0
1981 1982 1983 1984 19e5

YEAR

FIGURE 61. Comparison of the percent of total wood duck duckling

production in the Steel Creek nest box lines. Percen-

tage is divided among the Stepl Creek beaver pond, new

Steel Creek boxes, Steel Creek delta, and other Steel

Creek lines.
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ducklings which survive long enough to be recruited into the repro-

ductive component of the wood duck population in the Steel Creek

drainage.

Age specific mortality rates within wood ducks are highest be-

tween the time of hatching and about six weeks of age (Bellrose,

1980). Within that time period, mortality rates are highest in the

first few days of life and decrease to the flight stage (Bellrose,

1980). Approximately 50 percent of the ducklings survive to reach the

flight stage (Grice and Rogers, 1965). This mortality rate ranges

from 22 to 66 percent depending upon when in the nesting season the

ducklings are hatched (Grice and Rogers, 1965). Brood size apparently

has no effect on the survival rate of wood duck ducklings (Heusmann,

1972). Therefore, the period of brood rearing by the hen is the stage

of duckling development which has the most impact upon determining how

many of these individuals reach maturity. This then would also be the

period of development which would have the greatest impact on the

overall success of the mitigation program.

Critical brood rearing habitat is essential for wood duck brood

prosperity and reduced mortality rates in ducklings less than six

weeks of age (Bellrose, 1980). Waterfowl critical brood rearing

habitat is generally characterized by having both sufficient cover and

abundant food resources. In wood ducks, brood rearing habitat cover

consists of aquatic areas which are dominated by overhanging wooded

vegetation _Bellrose, 1980). Floral species typically associated with

this type of habitat and cover are willows (Salix spp.), buttonbush

(Cephalanthus occidentalis and swamp privet (Forestiera acuminata)

(Bellrose, 1980). The early diet in wood ducks is composed mostly of
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animal material. This consists mainly of adult and larval aquatic

insect species (Bellrose, 1980). The remainder is made up of larval

fish. Foraging for the animal component of the diet normally occurs

in water less than one and one-half meters in depth. About IS percent

of the duckling's diet is composed of plant matter. Seeds of pondweed

are most frequently cited as making up this portion of the diet

(Bellrose, 1980).

Areas of the Steel Creek drainage which would exhibit these

characteristics would include stream margins within the drainage

corridor, the Steel Creek beaver pond, the shallowly flooded deltaic

fan, and the margins of the islands in the deepwater portions of the

delta. Several of the mitigation sites adjacent to the Steel Creek

corridor do not exhibit these habitat characteristics. Hens nesting

in these areas would have to move their broods overland to the cor-

ridor or delta to find suitable brood rearing habitat, This is not an

uncommon behavior in this species. Wood duck hens have been known to

lead their broods up to 11.6 km overland from the nest site to reach

habitat suitable for brood rearing (Ball, 1973). Since the Steel

Creek corridor and delta are the only suitable brood rearing habitat

in this drainage, these areas are critical for the success of the

mitigation program. To date, however, the impact of the restart of L

Reactor on those habitat characteristics which are necesary for criti-

cal brood rearing habitat have not been fully assessed.
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4) RADIONUCLIDE AND MERCURY CONTAMINATION OF WATERFOWL

4.1) Introduction

One of the principal concerns with the migratory and locally

resident waterfowl of the SRP is the contaminant accumulation by these

organisms during the time period in which they are present on the

site. Because these species are harvested during the fall waterfowl

hunting season and many of these birds are either migrating from or

locally leaving the SRP during daily foraging flights in the fall, the

possibility exists for an on-site contaminated bird to be collected

and eaten by a human. The magnitude of this problem is not well

understood at this time. Radiocesium and mercury uptake by waterfowl

has been documented on the SRP (Marter, 1970; Brisbin et el., 1973;

Fendley et el., 1977; Fendley, 1978; Clay et el., 1979). However, the

probability of an individual bird with a high contaminant body burden

being harvested and consumed is unknown at present.

4.2) Radionuclide Uptake by Waterfowl

4.2.1) Review of Previous Studies

In a discussion of the radiocesium contamination of the Steel

Creek drainage, Marter (1970) reported a few Cs-137 concentrations for

SRP waterfowl. A green-winged teal from Par Pond was found to have a

body burden of 171 pCi/g body weight. Marter (1970) stated that this

was a higher concentration than was normally found at that site,
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noting that the 1969 Par Pond rlng-necked duck sample averaged 6.0

pCl/g Cs-137 and had a maximum concentration of i9,0 pCl/g. Matter

(1970) also reported that a wood duck collected approximately 500

yards below SRP Road B on March 16, 1970, had a Cs-137 body burden of

923 pCi/g live weight. This figure remains the highest Cs-137 body

burden reported for any waterfowl species from this site. In addi-

tion, duck muscle from the 1970 sample also contain detectable levels

of Zn-65, Sr-89, Sr-90, tritium, Cs-i34, Ru-103, Ru-106, Ce-141, and

Ce-144 (Marter, 1970).

Brlsbin et al. (1973) studied the accumulation and redistribution

of radloceslum by waterfowl inhabiting Par Pond. Changes in whole-

body burdens of radiocesium were studied in monthly samples of Ameri-

can coots and nine other species of migratory waterfowl wintering on

the PPRS. In October, newly-arrived coots averaged between 4-8 pCi

radiocesium/g llve weight and approximately a 50-50 sex ratio.

Between October and Janaury , the sex ratio of the coots rose steadily

to a maximum of 87 percent males as the females moved to more souther-

ly wintering grounds. In the predomlnately male population remaining

on the reservoir, radiocesium body burdens continued to rise at a rate

of approximately 2-3 pCi/g per bird per month, to a maximum of between

15-20 pCi/g. From February through April the predominately

male population of coots began to leave for northern breeding grounds

and were apparently replaced by populations that had wintered further

south and consisted of a higher percentage of females. As a result,

the sex ratio began to decline until it once again approximated 50-50

in the late spring. Birds not wintering on Par Pond had low radioces-

ium counts, thus the average body burden of the coot population began



to decline to a level approximating that of the first birds to arrive

in the fail. In any given month the radlocesium content of the coots

was generally higher than that of any of nine other species of water-

fowl and aquatic birds sampled. Brisbin et al. (1973) believed the

higher body burdens of the coots may be related to their tendency to

rely heavily upon submerged aquatic plants as a food resource. Migra-

tory waterfowl may remove up to 3.75 x 10(-5) Ci of radiocesium from

Par Pond each year and redistribute it elsewhere alone their migratory

pathways.

Brisbin and Swinebroad (1975) made reference to the advantages of

bird banding studies with regard to evaluating potential enviuonmental

impacts resulting from contamination levels of pesticides, heavy

metals and radionuclides.

Pindar and Smith (1975) used coots and crows (Corvus brachychyno-

chos) from Par Pond to evaluate frequency distribution of radiocesium

to normal, log-normal, exponential, and Weibull distributions. Fre-

quency distributions of radiocesium (primarily 137Cs) concentrations

in 33 samples were investigated in soils, plants and animals. The

log-normal and Weibull distributions showed close agreement to many of

the samples, but the normal and exponential distributions showed close

agreement to relatively few of the samples. More of the distributions

were highly skewed in plants but tended to be less skewed in animals.

As part of a doctoral dissertation on the ecology of the wood

ducks of Steel Creek, Fendley (1978) gathered data on the seasonal

radiocesium body burdens, and radiocesium uptake and elimination

rates. The objectives of this study were to determine: I) rates of

radiocesium accumulation for free-living uncontaminated wood ducks



released into contaminated habitat; and 2) radiocesium elimination

rates of naturally contaminated wood ducks under penned conditions.

The accumulation rates were studied in hand-reared birds which were

released into an enclosed portion of the Steel Creek drainage which

had been contaminated with 257 curies of radiocesium (Fendley et el,,

1977), The uptake of radiocesium/g live body weight=0.36+0.18 (days).

There was no effect of sex on the uptake rate. The averase estimated

time required to attain practical equilibrium was 17,3 days, with a

range from 10.2 to 28,6 days, Ducks which were recaptured after

attaining equilibrium concentrations in the field showed single-

component elimination-rate curves when confined in a semi-natural pen

for elimination studies. Radiocesium elimination under penned condi-

tions was described as: in percent initial body burden = 4.60-0.13

(days). Elimination-rate and body weight showed a negative linear

correlation for the penned birds although there was no effect of sex

on loss-rate. Radiocesium biological half-times for the penned birds

averaged 5.6 days with a range from 3.2 to 9.3 days. Calculations

based on biological half-times determined from studies with the penned

ducks, were successful in accurately predicting both the levels and

rates of radiocesium accumulation by free-living birds in the field

(Fendley et el., 1977).

4.2.2) 1985 Results of Waterfowl Sampling for Radiocesium

Between January 23, 1985 and February 24, 1985, 82 waterfowl

specimens aquatic birds were collected from wetland sites on the SRP

and were analyzed by game spectroscopy for radiocesium body burdens,
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l_e sites included Par Pond (70 birds), Steel Creek delta (4 birds),

and Pond B (8 birds), The collections on Par Pond were made entirely

durins a four-day period (2/7 to 2/10), Collsctins at the remainin8

two sites was scattered over the 30-day period, The level of contami-

nation in these birds was determined usins a sodium iodide crystal

counter for 10,000 sac,, with a minimum detectable limit o! 0,02

pCl/s.

The avsrqe and maximum concentrations detected for ell samples

collected were 1,4 and 16,0 pCi/s respectively, The results by spa-

ties and location for the Par Pond sample are siren in Table 21. As

determined earlier by Ertsbin et el. (1973), this currant sample

revealed that American coots had the hishest averqe (1,30 pCi/g) and

maximum (2.20 pCi/g) concentrations for this impoundment (Flsure 62).

1'1_Isdifferent, was also found to be significant at the 0,001 level

(F=8.81) using los transformed fiSures in order to normally distribute

the data. In addition, the frequency distribution of Cs-137 concen-

trations in these birds showed a Welbull distribution (Figure 52) as

predicted by Pander and Smith (197S). Within the coot sample, the

birds from North Arm were found to be significantly (_P < 0.Ca; F=4.59)

more contaminated than the coots from either West Arm or Hot Arm.

Again, the same conclusion was reached by Brisbin st al. (1973) in the

early 1970s.

The average species body burdens for birds sampled on Pond B

were: ruddy ducks-0.93 pCi/g (N=6) and bufflehead-15.05 pCi/g (N=2).

The maximum concentration (16.0 pC£/$) from this location, and in

fact, for the overall sample, was in a bufflehead.

The Steel Creek bird mean concentrations were: wood ducks-0,66

pCi/g (N=3) and mallards-l,50 pCi/g (N=I), The maximum in this sub-



Table 21, Averqe radloceslum body burden (in pCLIII body wr.,) of
waterf_i spscles collected on Par Pond in 1984-i985,
Sample mimes are in parentheses. Waterfowi species abbrsvi-
atLons are: lesser scaup - LS; rin|-nscked duck - RN;
ruddy duck - RD; bufflehead - BH; American coot - CT;
horned |rebe - HG.

._..... Watsrf_LSplctqs . Locall=y
General Arla L8 _ RD BH CT ::I/{3 Hman.._.

Specific Locality

NorCh Arm
LLr.t:le Lake .... 1,65(2) - 1,65(2)
North Arm - - - - 1.25(2) - 1,28(2)
N. Dave's Lake - - 0,60(2) - 1.73(3) - 1.28(5)
8, Dave's Lake - - - 1.30(1) - - 1,30(1)
l_r/n' s Elbow - - - - 1,65(2) - 1,6S(2)
Calahan Sioullh - - - - 1,60(I) 0.97(I) 1.19(2)

East Lake
Susan's Swamp - - 0,21(1) 1,00(1) - - 0,61(2)
Ous'e Swamp - 1,20(I) - - - 1.30(I) 1,25(2)
Fairman's

Land/n6 - O. 88 (1) .... O.88 (1)
Nancy's Nook - - 0,$4(I) - " - 0,$_,(I)

DiS Lake
Cold Dam 0.63(1) - 0o45(2) - - 0.49(I) 0.$0(4)
PeBlliY's Point - - - - - 1.10(1) 1,10(1)

West Arm
Oentry*s Gulf - - 0.72(3) 0.96(4) 0.92(2) - 0,97(9)
Jack's Bay - - - 1,30(1) - 0,71(2) 0,90(3)
Barbara ' s

Landin_ - - - 1,60(1) - - 1,60(1)
Dayton's Landtns .... 1.35(8) - 1,35(8)
Fran's Inlet 0,91(1) ..... 0,91(1)

Hot Arm
Carol's Bay 0.92(6) 0.77(2) - 1,30(1) - - 0,93(9)
Jim's June .... 1.00(6) - 1,00(6)
Coleman's Cove .... 1.05(4) - 1,05(4)
Hoc Dam 1.40(I) - - - 1,90(I) - 1,65(2)
Beyer's Bay - 0.93(1) .... 0.93(1)
Rosemaryts

Bay 1.70(t) ..... 1.70(1)

Species Heans 1,02(1) 0.91(5) 0.63'(9) 1.15(9) 1.30(31) 0.88(_) -
..... , ..... : _
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sample was a wood duck with a concentration of 1,80 pCi/g.

Concentrations of radiocesium Eros the i985 sample were found to

be within the range of levels reported for previous years (Harter,

1970; Brisbin et el,, 1973). The levels detected in the 1985 sample

are well below that which would sulsest a health hazard for persona

who may shoot and eat these birds as food (Jenkins and Fendley, 1968;

Brisbln et el., 1973).

&.3) Hercury Uptake by Waterfowl

Hercury cont_aination levels were studied by Clay et el. (1979)

in several species of waterfowl wtnterin$ on Par Pond. Samples from

177 American coots Indicated that this species, which is larse!y

vesetarian on Its winterIn8 8rounds, had stsnificantly lower levels of

mercury accumulation than did four other aquatic bird species which

are more carnivorous in their food habits, Coot feathers had the

highest frequency (88,1 percent) of detectable levels of mercury,

while But contents had the lowest (0,2 percent), Hercury in coot

feather samples was not affected by month of collection or location

within the reservoir. The hishest frequency of mercury Ln breast

muscle occurred in the first birds to arrive in early fall. Fre-

quencies of mercury contamintation in breast muscle then tended to

decline generally throughout the remainder of the fall, winter and

spring, Radiocesium cycling patterns were useful in interpret ins

monthly changes in mercury contamination of Par Pond coots, despite

differences in both temporal and spatial cycling patterns of these

contaminants in the resident waterfowl community (Clay et al,, 1979).



i77

5) FU_DRE OF WATERFOWL ON _dE SRP

With the continued drainage of wetlands in the plains region of

western Canada and the United States, continontial waterfowl numbers

are likely to continue to decrease because of reduced productivity and

recruitment each year. Waterfowl numbers on the SRP will probably

reelect these declines, but not to the extant as will be observed in

other wintering areas in the Southeast. This is because of the almost

nonexistent human disturbance o! the wintsrin$ waterfowl found on the

elte, Reduced disturbmlce allows the wetland areas of the SRP to

serve as a refuse for these birds,

The completion of L-Lake has provided yet an additional large

impoundment for wintering waterfowl on the SRP. Durins the first

winterins season in which L-Lake was in existence, 12 species of

waterfowl have been observed using that coo!ins reservoir. These

included lesser ecaup, bufflehead, ring-necked ducks, ruddy ducks,

Canada Seese, canvasback, blue-winged teal, wood duck, redhead, common

moorhen, American coots, and pied-billed Brebas. Flocks of ring-

necked ducks as larse as 300+ have already been counted on L-Lake.

American coots and Canada 8ease are already foraging around L-Lake,

the American coots on the vegetation in the littoral zone and both

species on the planted areas adjacent to the shore. In addition, the

large flocks of ring-necked ducks were observed to be dives8 exten_

sively (presumably forasins) around the L-Reactor inflow cove of

L-Lake. As other aquatic floral species and invertebrate faunas

increase in this system, waterfowl use will likely increase and become

more diversified. No decrease in the use of the PPRS has been noted
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in conjunction with the initial use of L-Lake, If this trend con-

tlnuee, the waterfowl use of the SRP will unquestionably increase as a

result of the increase in the suitable wlnterln8 habitat provided by

L-Lake.

The effects of the restart of L-Reactor on the wood duck nesting

in the Steel Creek drainase are currently being determined through the

nest box survey being conducted post-restart in 1986 and again in

1987, With the reduced temperatures of the reactor effluent created

by L-Lake, increased water temperatures in the nesting sites does not

appear to be a problem at this time, Increased flow rates and the

resulting greater water depths, however, have been realized with the

restart. 7he impacts of these factors have yet to be assessed.

Potential negative impacts of increased flow rates on the SRP water-

fowl would be in the destruction of plant forage and cover species in

the Steel Creek delta and corridor. If the sole result of the restart

is only the already observed increased water depths in the delta and

corridor, it is possible that there will be no negative impact on the

nest initiation by wood duck hens in that drainage. However, this

could affect the available brood rearing habitat, In addition, the

loss of nesting habitat in the Steel Creek system may be mitigated by

the eventual accessibility to new nesting habitat created in the

deltas of Pen Branch and Four-Mile Creek as result of reduced tempera-

tures of the thermal effluent from C-Reactor and K-Reactor with miti-

gation efforts in those drainages, During the interim, additional

nest box mitigation sites may have to be erected adjacent to the Steel

Creek corridor.
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