HEDING ECOLOGY OF DIVING DUCKS ON KEOKUK POOL,
MISSISSIPPL RIVER

SUGLAS THOMPSON, teithyologicat Associates, Berwick, Pennsylvania 18403

Watraet: From 1966 through 1968, a study was conducted to - investigate the relationships betwoeen i
diving ducks and their food resourees on the Keokik Pool of the Mississippi River, This information '
T needed as a baseline from which to measure the impact of channelization on food resources of diving
¢ duhs Nearly 26 msHion diving duck days were recorded during each year by acrial and ground census,
o Nidht dispersal and feeding scemed particularly important to diving ducks since disturbances caused the
smeentration of 90 percent of the waterfow] on 28 pereent of the study area during daytime. Malluses,
sty fingemail clams (Sphaerivon transeersum), were of paramout importance as food for five
gevies of diving ducks, The analysis of duck asophageal contents collected during spring indicated that
dwhig ducks ingested Iurger benthic organisms until large #tems beeame unavailable due to intonsive
pritation, The combination of estimates of food consumption by diving ducks and henthos data indicated
awingg chicks possilly havvest 25 pereent of the benthic standing crop during fall, The future of this

1973

mportant migration stopover area lavgely depends on the preservation of the rich molluscan fauna,
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The Keokuk Pool (Pool 18) is a 45-mile
wetion of the Mississippi River from Keo-
ik lo near Burlington, Iowa. The lower
sl (g, 1) ds noted for the great concen-
tations of migrating diving ducks that rest
il feed during spring and fall. Lesser
wnp {Aythya. affinis), ring-necked ducks
Aovafleris), canvasbacks (A, valisineria),
sl common goldeneyes (Bucephala clan-

acrial census data used in this study. Felp-
ful suggestions were received from M. W.
Weller, R. J. Muncy, and K. P, Carlander
of Towa State University, L. J. Korschgen
of the Missouri Department of Conserva-
tion, A. S. Hawkins of the Bureau of Sport
Fisheries and Wildlife and W. F, Gale of
Ichthyological Associates.

et

whe} are the most abundant species and  STUDY AREA
[ the wrea from late September to early The study arca included the lower 28 ;
i Beeember and from Iate February until  miles of the Keokuk Pool from the dam
by May, Small numbers of ducks, cspe-  ar Keokuk north to Dallas City, Hlinois
ally campmeon golch‘nt‘ycs, remain on the (Fig. 13}, with about 17,000 acres of open :
ok during mild winters. water. The average water depth at 120 :

! '}“' gradual - disappearance  of diving randomly selected sites was 9 feot with a
duviks on the THinois River due to poliution  maximnm of 36 [eot, Substrate types |

. i i) - . " i

Mills et al. 1966} heightened concern over ranged from soft clay to bedrock. i
srenseed industrialization of the Keokuk The study arca was divided into three !

e e b e o [ SN e " . 4 i
Pl This study was established to gather  soetions based upon access roads and dis-
sline daty about the food resources of tinguishing topographic features, The lower

Sderfowd prior to channelization at Fort
Falion, Towa, The study began in Angust
Sifioaud continued through May 1968
st Pithman-Robertson Project W-10S-IR
e lowa State Conservation Commission,
I thank . C. Bellrose of the Illinois
ataral THstory Survey for providing the
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IT-mile scction {Keokuk to Nauvoo, Tili-
nois} Jies in a north-souwth direction and
averages 1 mile wide (Tig. 1}, The mean
depth is 11 feot but there is a broad, shallow
area near Nauvoo that averages less than 2
feet deep and contains dense stands of
emergent vegetation. '
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ines and concoatralion areas are indicared by section: lower
(L}, middle (M), ond upper 1w

The §-mile section from Nauveo to the
bridge at Fort Madison, Towa, is up to 2
miles wide, averaging 14 miles (Fig. 1.
Fxclnding the narow navigaiion chanmel,
the depth averages only 7 feet. [eavily
vegetated backwater sloughs are extensive,

The 7-mile upper section from Fort Madi-
son to Dallas City is about 1 mile wide and
averages 10 feet deep (Fig. 1) An island
complex with numerous vegetated back-
waters dominaics most of the river from
Fort Madison to Burlington, lowa.

The Keokuk Pool receives considerable
commercial  barge waffic from March
through December. gmall hoat traffic due
mainly to commercial fishing is generally
light but continues until frecze-up.

METHODS

Aquatic Plants and Benthos

In September 1967, distribution and rela-
tive abundance of conspicuous  aquatic
plants were recorded by acrial survey. Beds

of Potamogeton SPP- Sagittaria spp. and

Nebumbo hutea were dketehed on outline
maps and rated inone of five categorics of
relative deusity.

Soasonal pepshation estimates of henthos
were mude newy the pml)nr;u[ site of
chawnel-dredging. A variety of habitals
woere  sampled using. grabis and @ cove
sanpler Vielaited bottom fanua Jdat wery
Pl‘(‘.\'l"llh"\}l (Y Cale {E‘f}(iﬁ)). T cooperadive
cifort, Gale a1 calinated shancing erops
of fingernail chinns on (oo enstive study e
e Septewher LIGT privr 1o the arrivad o
Givit s Cele LGy G e
pornty shrnnies e raken nb prnddohy e
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To estimate  the popukition ol smalle

OrEanisns, A-inch cove samples woere col-
lected and sereencd through 2 mesh of 3
gricds per inch. From the core samplies, i
was possible to estimate the mumber of
organisms  being lost from the Poua
samples. This procedure introduced soue
bias, but it was essential to reduce sampling
and sorting time. Samples were preserved
in 10 percent butfered formalin. Verviliva
tion ol identifications were made by various
authorities (Gale 1969 i

Waterfowl Population Appraisal

A combination of aerial counts and
ground counts Was uged to quantitate nse
of the study area by diving ducks. As part
of the cooperative program, v G Belk
rose made weekly aerial counts in the fath
of 1066 and in the spring and fall of 1967
Bollrose’s data woere ased to tabulate the
pumber of waterfowl days of use on e
upper, middle, and lower gections ol the
study area. To calenlate seasonal vse by
waterfowl, the nwmber of birds ohserved
on ecach aerial count was multiplied by U
pumber of days since the previous cout
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Waterfowt days of nse for each period
thin were summed for the entive season,

Supplementioy ground conntls provided
a more detailed record of the aclivity of
L Tlocks, In the Tl of 1966, ground
oty were made only on the middle sec-
tion of the study arca, hut all three sections
were covered during the {olowing field
sensons, Counts were made on an frregular
hasis between aerial counts in 1966 and
197, During the spring of 1968, ground
conls were made weekly heeause aerial
eornts woere ol conducted.

Weather  conditions aifected  ground
ety more than acrial counts, . Waves
aver 2 feet high and poor Hght conditions
wongiderably  reduced  the  accuracy  of
sroviad counts, Analysis of ground photo-
saphy suggested that pround connts could
he used only as an index to flock size.
Therefore, numbers and sizes of Hocks ob-
wrved from the ground were used to esti-
sule relative use of small areas within a
wvlion of the stady arca.

From cach observation site, (Tock size and
solion were sketched on outline maps,
Sesides direet counts of hirds within flocks,
wevies composition and general behavior
e rvecorded.  Sinee  disturbances by
saes, pleasure boats, and boats of com-
serelal Tishermen and hunters were com-
son, arcas were assigned a value of {rom
-0 Lo five.

wpraisal of Foods and Feeding

T determing which foods were eaten by
v i Keokuk Pool, the contents of 599
celive draels from si species of diving
dy were examined, Birds were collected
cveral ways, In fall, hunters contributed
shogivzards, In ospring and fall, diving
b were oceasionalty collected from com-
avial fishermen  who  unintentionally
sitht ducks in trammel nets or on trot-

R
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lines, 1 collected additional birds by using
il and trammel nets,

Cizeard contents were washed in o wire
basket (40 grids per inch), dried, and
stored In coin envelapes. Later, the dried
foods were examined with a bhinocenlar dis-
secting scope and the occurrence of food
items was recorded,

Of the 599 birds, 134 were collected in
spring of 1968, Esophageal contents were
removed from these 134 and the numbers of
each food item were recorded, Nuwmbers of
the various kinds of foods were summed
and expressed as pereentages of the total
number of items,  Data were  grouped
according to sites at which the birds were
collected, '

RESULTS

Waterfowl Populations and Distribution

Bellrose’s data revealed that three species
of waterfowl acconnted for 93-99 percent
of the tolal use of Keokuk Pool. Loesser
seaup and ring-necked ducks accounted loy
$4-86 percent of the waterfowl days in
three seasons of aerial survey. Ring-necked
ducks were considered with seavp hecause
it was impossible to distinguish between
them in my ground connts. Canvasbacks
accounted for 9-13 percent, while other
specics such as goldeneyes, yuddy ducks,
and coots accounted for less than 5 percent
of the total, Approximately 3,000 golden-
eyes overwintered, thereby accounting for
more days of use than were indicated by
spring and fall counts.

Use of the area is shown by section
[or six species (Table 1), In fall, the Tower
section had the greater percentage of water-
fowl days, bulb in spring, the upper scetion

received greater use. The middle section”

roccived similar percentages of use in spring
and fall. _
Diving ducks tended to concentrate in
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Tabie 1.

Seasonal disfribution of waterdowl an three seclions of Keokuk Pool during 19266 ond 1947,

Bl BEHGG
EY Oet, -3 Dee,

Fatl 16T

Speiogz 1HG7
17 Oct—11 Dee.

3 Mar3) Apr.

Sevtion i —— e
at Paod Naeher® Voreent Numbes Pereaent Number Pereent
Laower T.826,150 G684 2.413,510 216 4,143,850 46.8
Middle 3,226,670 258 4,186,200 375 3,3 H#3,09¢ 352
Upper 142,000 1.3 4,573,175 409 1,711,360 184
Total 11,196,820 180.0 11,182,918 100.0 9,448,330 16000

& Fstfronted pwmber of watorfowl days from acrial census data of Il (L Bellrose,

16 areas which composed 28 percent of the
open water of the entire study area and
ranged in size from 50 to 700 acres with a
mean of 290 acres (g 1), Based wpon
aroumnd counts, about 85 percent of {locks
over 300 birds and 98 percent of flocks
over 15,000 bLirds occurred on these 16
arcas.

Through indices derived from ground
counts, distinet seasonal changes in occur-
rences of flocks on the concentration arcas
were noted. When waterfowl use (Table
1) was compared with levels of human dis-
mrbance (Table 2) it was obvious that
scetions with greater human  disturbance
had lower use by ducks,

Benthos and Aquatic Plant Resources

The fingernail clam was widely dis-
tributed in Keokuk Pool and exceeded
100,000/m? in summer in favorable habi-
tats (Gale 19689). The population of finger-
nail clams, however, underwent drastic sca-
somal changes in numbers and size classes.
The overall elam population remained high
in fall and ewrly winter becanse of the great
preponderance of small (less than 2 mm
wide) elams, In Dcecember, only 3-4 por.
cent of the individuals were over 1 mm
wide, Becanse small clams may be as deep
as 16 em in the substrate (Gale 1973} many
aay have Leen tmavailable o predators
such as diving daclks.

Fingernail clams grow slowly in winter

and, presumably beeause prodation resunwed
carly the following spring, the number of
large individuals decreased in the spring,
By May, fingernail clams grew rapidly and
by June, 31 percent of the population ex-
ceeded 2 mm in width, The numbers of
Targe clams continued to increase in July
but dropped sharply in August and con-
tinued to decline during autunm and ewly
winter {Gale 1969).

In September 1967, it was estimated the
study arca had a standing crop of 18,000
sphacriids per square mcter or 1,131 b/
acre { blotted dry weight with shells intact),
The upper section had 1,841 Ib/acre; the
lower section had 1,026 Ib/acre; and the
middle section had the lowest crop with
675 Ibh/acre.

The mean number of snails per square
meter was 71 on the lower section and 58
on the upper section. Somatogyrus isogonus
ocowrred at 23/m?, Lioplax sulculosa at 18/
m?2, Campeloma crassule at 8/m® and
several other specics oceurred at Jesser
densities.  Small snails were not found in
the Ponar samples hut Fontigens nicklinfana
ocomred at a density of 23/m? in core
samples.

Based on Ponar sampling, mayily (Hewa-
conia sp.) density was estimated to e
41/m? on the entire study avea I Sep-
tormbor,  Densily wis greatest on the
npper seetion with o mewt of L1577, The
middle and lower sections had means of
14/m® and 4/m® respectively,
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Chironomids {Chironomidae) and caddis-
flics { Trichoptera) were fairly abundant in
the Pool. On the basis of scasonal samples,
chironomids reached their maximum den-
sity in winter, but usually did not exceed
3,000/m?, Caddislics were most abundant
in summer when the density of Chewinato-
psyehie spp. sometimes exceeded 20,000/m®,
Oveelis was usually  the nost abundant
caddislly penns {Gale 165697,

The lower scction contained less vege-
tation than other sections, according to my
aruatic plant fventory. Vegelation lypes
and the density ranking for the submoergeut
vegetation in cach  concentration  area
were presented by Thompson (1969). Beds
of emergent and submergent vegetation
covered less than 3 percent of the stady
ared.

In general, the divrnal distribution of
waterfowl in fall seemed unrelated to den-
sity or distribution of vegetation or benthos.

FALL FOODS

Fall food habits of diving ducks on the
Mississippi River have Been investigated by
Anderson (1959) and Rogers and Korschgen
11966}, Rogers and Korschgen (1966) in-
¢inded 88 lesser scaup collected on the
Keokuk Pool in fall of 1948, Korschgen
also examined 12 canvasback gizzards from
the Keokuk Pool and provided these data
for my use. Lesser scaup in both studies
contained a high ccanrence of animal food;
molluses composed nearly 90 pereent of the
total volume of organic material.

In my study, gizzards and some esophagi
woere collected from 440 ducks and coots in
e fll of 1966 and 1967, Scanp and
canyishacks comprised TE and 10 pereent
of the totad, respectively, Becanse esophagi
or proventriculi were usaally not wvailable
for ducks collected by hunters, only gizzard
contents were esamined to estimate fall

{owildh Manage. 37(3): 1973

Table 2. Relative disturbance levels on 16 waterfow! con-
centration areas in three sections of Keokuk Pecl, fail and
spring, 1966-68.

Pisturbance lovelt
Section of

Pool and March— Qetoher—
area April November
Lower
-1 { 3
1.-2 3 1
I.-3 2 1
L4 1 4
L3 { 5
Total 17 34
Average 3.4 2.8
Middle
M-1 3 4
M-2 2 4
M-3 3 4
Mot 4 4
M-5 4 4
M-G 3 4
M-7 2.3 4
Total 21.5 28
Average 3.1 4.0
Uppor
U-1 3 3
U-2 1.5 4
U-3 35 5
U-4 3.5 5
Total 113 17
Average 2.9 4.2

s Relative distorbance in each section was assigned a
value of from one to five ascording.to the following critering
Httle or ne on-the-water disturbance, mild disturbance by
fishermen or hunters, moderate disturbanee by fishermen,
or hunters, or bharges, common disturbance by hunters,
barges, or fishermen, or o combination of these, and fre-
quent disturbance by hunters, fishormoen, and barges,

foods. A comparison of gizzards and
esophageal contents from the same birds
revealed biases when food habits were
based only on gizzard contents {Thompson
1969). Thercfore, gizzard contents could
only be used to indicate general difforences
i food habits of similar species eolleeted
in similar arcas. The percentage of Dirds
containing a particular food item is known
as the frequency of occurrence for that item
{Table 3).
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Table 3. Number and percent frequency of feod items in gizzards cof

lacted at the Keokuk Pool, foil of 1986 and 1967,

YLossor sonup
270"

R —
Num-  Per-
her cent

MW##MM

Animal foods

Castropoda

Campalinma crasstla 57 21
Annicole Jacustye 13 3
Somif ey rs oo (0 33
Lioplax suleidose a7 10
Plesroce b gent 22, s
(SR I 3 3. 4
Fontigcns aichiinfina 52 1%
Voalvate tricarinata 500 4
Phuse spp. 1 T
Unidentified gastropoda 1%: 68
Pelpeypada
S, fransverstin w7 40
S, striafinwn 205 76
Pisidinm spp. 2 1
Unionidae 95 10 |
Unidentified pelecypoda 247 92
Insecta
Hexagenia sp. 36 13
“Trichoptera 19 7
Chirenomidae 4 2
Carixidac 5 2
Ocdomdn 0 0
Flmidae 2 T
Plecoplern 1 T
Unidentified insecta 7 3
Crustacea
Amphipoeda 1 7T
Cambarinae 1 T
Other
Fish 2 1
Lecch 7 3
Mite O 1]
Unidentified animal 1 T
Total animal 253 94
Phant foods
Seods
Polygoninm spo. 17 G
Potamogeton Spp. 22 8
Scirpus Spp- & 2
Sagittaria spPD. 0 0
Unidentified seeds 16 6

Ring-nocked Common
Cupvisbaek thuck soldeneye Nuctdy duek
L s M — o B
Num-  Per- Nun-  Per- Num- Loy Nipn-  Pers
her cent bher cent ey cent ber cent

8 14 9 28 5 21 1 ]

& 3 2 {5 0 0 ) it
11 14 4 & 2 b 1 |

2 2 } 3 0 t) 3 3}

3 3 2 6 0 0 ( 8]

0 0 2] 0 {3 [ 8] {

3 5 1 3 I 4 i

0 0 ( 4] 0 t 0}

i 7, 0 0 8 4] 0 b
19 32 13 41 0 42 729
18 30 A4 3012 5 2t
15 35 16 80 5 At g 38

0 0 O 0 ¢ ¥ 4] 0

9 15 4] 0 2 & 0 0
32 54 23 T2 14 B8 14 58
Py 4G 6 19 1 { 10 42

8 10 3 9 4 17 2 8

6 10 1 3 4 2 8

1 2 1 3 3 12 0 3]

0 (3 1 3 0 ¢ $] G

Q0 0 0 4] 0 0 S0 0

0 0 0 Q 0 0 0 4

1 2 4 12 1 4 . 12

0 0 i 3 0 0 ) O

¢ 0 0 0 ¢ 0 0 9

0 Y 0 0 & O 0 0

0 0 0 ¢ 1 4 0 i)

0] 0 0 0 0 O o it

0 0 1 3 0 0 0 {
47 80 30 94 20 83 22 B2

9 3 103 1 4 3 12
23 37 § 23 6 25 2 8

8 14 3 Q 2 8 3 12

0 0 0 0 1 4 0 {

6 10 7 22 3 12 0 &

Table 3. Continusd:

J. wildl. Manage. 37(3Y:1673

S

S

ns g g i SRR

§
:
i

Table 3. Continy

e ——————————

Phant

Cerglopludhm
Lewmna sp.
Al
tinidentifiod |
Total ph

Cravel

Lasser Scau
Seitupy b
renee of an
Sixty-cight
tained unid
contnined s
ined o
spluweriids,
plant mate
Mollnses
220 seanp
bhut plat
higher feeg
snails  and
approxinnd
Anderson's
88 seaup g
Korschgen
while 27
MaylTies o
cont of th
stuzdies,
Givzard
viried witl
13, When
pared with
the dock
it was ap
collected v

] wWildh A




HAG and 1947,

Hauddly odak

her

0

0

0
{}
0
0

22

e 3. Continued,

o B7(3):1973

}
(RS
cond

8]

H
t}
i

{
{}

24

l)E
35
0
0
5%

42

]

{4
4
0
0
12

P

12
B
12
(}
0

Fremne LEeowocy or Diving Ducks « Thoempson

" Teble 3. Continued.

373

Ring-necked Crmman

Lossor seanp Cunvashiek diek sobdeneyn Ruhddy cdoek
{27030 5! (32) (24} (2t)
Nimns  Pers Num- Per- Nun- Per- Nam- Pere Numw  Per-
ber cent hor cent her cent ber cent ber cent
Plant
Ceratophyllion sp, 6 0 0 0 ¢ 0 0 (} ) 0
Lomna sp, 2 i 4 7 3 9 3012 & 0
Algac 0 0 0 O 0 0 0 3] 0 4]
Unidentified plant 7 8 14 g 28 g 27 0 0
Total plant 52019 27 16 16 50 14 38 T2y
Craved 215 g1 39 104 32160 23 Ui 24 100
Shot {igrested ) 2 1 2 0] 0 (} {} { {}

*Sareph sizes oo parenthoses,

Lesser Scaup

Seaup givzards contained o high oceur-
rence of animal foods, especinlly moluscs.
sisly-cight pereent of the gizzavds cone
tined unidentificd gastropods, 78 pereent
eontained sphacriids, and 91 percent con-
tined  unidentified  pelecypods,  mostly
sphacriids,  Oceasionally sceds and other
plant material were found.

Motuses were found less abundant in the
220 seaup exmumnined by Anderson (1959),
hut plant materials oceurred at a much
higher frequency than in my study. Both
smails and  plant materials oceurred in
approximately 26 percent of the birds in
Anderson’s study. Forty-six percent of the
58 seaup gizzards examined by Rogers and
(1966) contained  gastropods
while 27 percent contained  pondweeds.

Korschgen

Mayflies cccwrred in approximately 13 per-
cent of the seaup in each of the three
stuclies,

1966 and 1067
varied with the site where collected {Table
4). When this table on utilization was com-

Gizzard  contents from

pared with Ponar grab samples taken within

it was apparent that, in general, scaup
wHected where elam density was high con-

I Wildl, Manage. 37(3):1973

the duck concentration areas [Table 53,

tned more clams than ducks eollected
cisewhere. This was especially noticeable
on concentration areas U-2 and U-3 (g,
1) where elam density was highest, Agroc.
ment hoetween gastropod abundance at o
particnlar site and gastropod occurrence in
seaup -collected from that site was not as
good,

Seaup collected from area L-5 contained
many more chironomids than scaup  col-
fected elsewhere,  Scaup from arcas U-2
ad U-3 contained many mayfiies, whereas
ducks from M-7 contained few. Muytlics
{Hexagenia sp.) were more abundmnt in
Ponar samples from U-3 than in other areas,

It is important to recognize two possible
sources of hiag that might affect the validity
of the comparison between Ponar samples
and gizzard contents:  Fivst, the eizzard
may retain hard items {or several weeks and
it is impossible 1o be cortain the ducks had
fed where they were colleeted; sccond,
sample sizes were small,

Canvasbacks

Gastropods and sphaeriids occwrred less
frequently in canvasbacks than in lesser
scaup (Table 3). Forty-six percent
of the canvasbacks contained Hexagenia
sp., whercas Anderson (1959) found Hexa-
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Table 5, Mean number of organisms per square meter found on concentration areas in Keokuk Pool, October 1967,
Nuomber of
Ponar grab .
Aren gamples S, transedrsum Hexegenia Unionidae Gastropoda
uU-z G 5693 19 0 14
U-3 G 1384 138 15 46
M-2 7 664 G G 36
M-5 3 1451 4 10 94
M-7 & 1734 61 134 54
| 3 993 0 0 73

genia sp. in ouly 11 percent of the canvas-
hacks he examined.

The pereentage of plant foods, partic-
wlarly sceds, was much higher in canvas-
hacks  than v lesser scanp. Anderson
{1959} reported espectally high oceurrences

of pondweeds in canvasbacks,

j Ring-necked Duck

Food Liabits of ring-necked ducks scemed

- intermedinte hetween those of lesser seaup

wmd canvasbacks (Table 3). Ring-necked
hicks contained lower percentages of un-
identified gastropods, sphacriids, mayflics,

- oddisflies, midges, and pondweeds than

did seaup hut greater percentages than did
l'[l?l\«’(l"{hil(‘k&'. I’?:mt Hlilt(‘l'i(ﬂ {)C(‘l'ﬂ'r(‘d nore

fleequently in vingenecked ducks than in
Csenap or eanvasbaeks,

Anderson (1959)
farmed gastropod yemains in 12 percent of
the ring-necked ducks he examined, come
pared with 41 percent in this study. Plant
loods were much more common in Ander-
wis study; pondweeds and smartweeds
wpenred in over 42 percent of the 120
sizzards he examined.

Common Goldeneye

Only 24 common goldeneyes were col-

'\?Er(‘tvd during the falls of 1966 and 1967
C(Table 3).
Cmaing ocerrred more often in goldeneyes
Cihan in ringnecks and wnidentified pelecy-
pods oceurred in 58 percent of the golden-
“eye gizzards, Martin et al. (1951) reported

Unidentified gastrepods re-

L1 wadl Manage, 37(3):1973

that 77 percent, by volume, of the golden-
eye’s diet was animal food, Madsen {1954)
found molluses and amphipods in 68 per-
cent of the goldeneyes collected from
brackish water in Denmark,

Ruddy Duck

Few ruddy ducks contained gastropods
and sphacriids, but 58 percent contained
wnidentificd poleeypods (Table 3). Aquatic
insects wore comparatively more important
than in most other ducks. Sceds and other
plant materials oceurred less frequently in
ruddy ducks in my study than in data
reported by Martin et al. (1951). Sincock
(1962) found animal food in 20 percent of
the gizzards collected in North Carelina
in fate fall

American Coot

Coots  (Fulica  americana)  {vequented
backwaters more often than diving ducks.
These coots fed extensively on aquatic vege-
tation on or near the water’s surface, bhnt
coots on the open river dived for their food,

Fifteen coots were collected in back-
waters and 16 were collected in open water,
Civzard contents from the two gronps were
distinetly different (Table 6). Cools col-
lected at open-water sites contained foods
in oceurrences similar to Jesser scaup exeept
that two of the more abundant small snails
{ Anmicola sp. and Fontingens sp.) did not
oceur in the coots. Coots eollected from
backwaters had a much higher occurrence
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Teble 4. Foods of two groups of cools collected in backwaler

and apen water sreas -during fali 196667, Keokuk Pool.
Baclowater Open waley
{15 {165
Nupi-  DPer- Nnm"j wl’m'—
her cont her cont
Andmad Toods:
Castropod
Campeloma sp. 0 0 3 19
Amnicols . O 0 0 O
Srnlal o s sp. {} { 2 12
Pl F . 0 O 1 G
Fronittenns s, O 0 0 &
Uiidentified pastropoda 3 20 10 62
Peleovpoda
S, frauscersum 7 0 0
S. striatinum 2 13 g BG
Pisiditim sp. 0 & 0 ¢
Unionidae 0 1\ G 0
Umidentified pelecypoda 4 27 13 81
Insceln
Hexagenia sp. 0 0 i G
Trichoptera 0 0 0 0
Chironomidae 0 0 0 0
Corixidae 1 7 0 0
Odonata 0 0 1 a8
Fhuidae 0 0 0 0
Plecoplera 0 o 4} 0
Unidentified insect 3 20 0 Q
Other G 0 0 0
Plant foods
Sceds
Polygonm spp. 6 40 2 1%
Potamogeton spp. 2 13 0 0
Scirpus spp- 0 Y O 0
Qapiltaris spp. 2 13 1 6
{Unidentified secds 1 7 0 0
Plant
Covatopligllvm sp. 5 033 o 0
Lonmna sp. 5 33 i 6
Algae 5 33 9 12
Unidentified plant 9 60 5 3t
Gravel 15 100 18 100
Shot (ingested) } 0 O 0

» Sample sizes are in parentheses,

mna Leovocy or Diving Ducks » Thompson

of plant materials and had much larger, loss
fatty gizards than did coots collected
from open-water sites.

SPRING FOODS

Tood of 159 scaups colleeted in spring
were assessed by the oceurrence of foud i
the gizzard (Table 7y and by enumeration
and oceurrence of items in the csophagns
{Table 87, Tt was Aear that the ogeurrenes
of foods in the two fall samples were st
and differcd Trow the puonrrences in the
lwo spring samples {(Table 7;. Howevern
the occurrence of nearly all animal foods
was higher in spring than in fall. Pre
gamably the differences in fall and spring
food habits reflected changes in hottom
fauna.

To further cvaluate spring food habits,
the contents of 134 csophagi of scaup were
analyzed by enumerating cach species of
food item in the csophagus. These birds
were caught in 1968 with trammel nets neat
area M-4, a site where scaup fed intensively.
Molluses, particularly  small fingemail
clams, were the major component of esopha-
geal contents (Table 8). The Jarge nume
ber of caddisflies and chironomids possibly
refloct a large population of insects whete
these ducks were foeding. I the Keokuk
Pool, insects were relatively more abundaut
in late winter and early spring while the
molluse population peaked in midsummes
and declined by winter (Gale 1969). Snails
ocemred frequently but only in small quan-
tities. Plant materials were not major food
items and only Lemna sp. accounted for
over B percent occurrence.

EFFECTS ON BENTHOS

The 134 lesser scaup taken in spring
wore caught at the same site from March
through April 1968 in six samplings. The
contents of esophagi were examnined and

J. wildl, Manage. 37(3):190

Table 7. Set

URTS——-

Anind oo
Crastrapods
Ceampelons
Ammnicola
Somatngyr
Lioplay sp
Plewreorra
Vi pari
Fontiens
Vedvatio s
Pl sp.
Clyrantes
Unidentifi

Peleeypad
S, drdnaee
S, striatin
Pisidium
Uindonidae
Uniiddentili

lirseots

Hoexeageni
Trichopte
Chironmn
Cortxidae
Odonain
lhmidae
Plecopter
Uinddentid

Crustace:
Amphipo
Cambarit
Other

1M3sls
Leech
AMile
Unidenti

Plant o

Seeds

Polygom
Potamaop
Sefrpus
Segzittars
Unident

1. Wil




Frrping Foonocy or Diving Ducks ionpison i

N '}:lill ll)\lti‘\ llli'f»ﬂ(’-l', less i Taite 7, Seasonal accurrence of foad ilems in 429 lessar scaup gizzacds from Kaokuk Poal, 1946-68.
did - coots colleeted : Fall 1066 Spring 1567 Pl 1067 Sy 1064
{ (4t)e (207 {224) (Hh)
Number Peroent Numbor Fercent Numhoy Pereent Nombier Pereeot
Animad foods
Ay collected i spring Gastropoda
L GCCIETeNCe of Tood in L Campeloma sp. G 13 7 a5 51 23 51 37
- tlyy cuum aalion Amuirold sp. 1 2 4 240 12 5] a4 4
STy ana by CHILMEE Somalogyrus sp. 5 il 13 4n 83 38 77 55
foms in the (_‘.s;t)ph;uim Lioplax sp. 1 Z 7 35 26 12 58 12
4oar that the oeeurrences Pleurocera sp. 1 2 0 ¢ 21 ol 50 a6
. « were similar Viciparus sp. ¢ 0 2 10 2 1 4 3
tall samples were st Fontigens sp. 6 13 106 50 46 20 73 54
. the oceurrences in the Valvala sp. 3 6 0 0 2 1 0 0
o (Table 7). However, ¢ Phusa sp. 0 0 0 0 1 T 1 1
B -‘i T il foods Gyraulus sp. 0 0 O 0 0 0 4 0
pearty & fl - . ' b Unidentilied gastropoda 22 48 18 90 162 72 134 96
ping than i fall Pro-
Ceenecs in fall and f»‘]:}l‘ing_", Pelecypoda
Jled changes in bottom S, transversum 23 50 19 05 Bl 38 128 92
c§. strigthuan 21 46 19 Q3 1841 82 1i5 83
. od habits Pisicinme sp. 2 4 O 0 0 0 0 0
Jnate spriv _fOf“ WIS, Sl Unionidace t 2 4 20 25 11 38 27
3t esophag of scaup wure 1Y Unidentified pelecypoda 36 78 19 95 211 B4 135 o7
aumeraling cach spoecies of :
- S ecls fnseota
o esophiafus, These birds p . . . s . ) \ -g o
Ced et el eks peat exeigenid sp. : 5 28 12 i 5
68 with tranmnel nets L Tichopton 2 6 13 65 i7 5 95 68
whoere sep fed intensive }f' : Chivonomidae 4 9 7 35 0 0 73 52
ety smndt fingen yail ! Corixidae 2 4 0 O 3 1 1 1
' ’ ST I £ Odonata & 0 0 0 0 0 1 1
O COMPONG esophit- 1 _
‘f“im (,()\\}L}f)jlt.llt of L ¢ Elmidne 0 0 O O 2 1 0 V]
“rable 8. [Tie Jarge - o plecoptera 0 0 0 0 0 0 0 6
P el chiromomids pnsxiiﬂy Unidentified insccta 0 0 1 5 7 3 9 G
poprilition ol insects where Crust ‘
' . - Sustacoea
v feeding, Tn the Keokuk o )
R IRTIR Y s ahnndant ‘_\mj'zinpn( i 0 0 0 0 1 1 0 ()
ere velatively ore W  Conbarivue o 0 0 0 o 0 0 0
aned enrly spring while the .
cion peaked in midsammer o Other
sy winter { Gale 1969]. Sualls 5 o 0 o0 o 1 a2
Senily but ounly in gmall quans © leech 0 0 0 0 7 3 0 0
N ‘ tan b Mie 0 Q 4 4] 0 0 1 i
srerials were najor food it
paterials were not M . Unidentified animal 1 2 2 10 1] 0 0
v Lemna sP. accounted for
L pecurrence. - Uant foods
o8 Seeds
i BENTH Polygonum spp. 12 a6 1 5 5 2 8 &
i 1 S e Pattmnogeton spp. 12 26 0 0 10 4 22 16
Ve Qg aken an sPrig A .
Lesser seaup t'ﬂ“ o ’\/][ o Seirpus spp. 0 0 0 0 G 3 Q0 O
Al the same sile fron } .1;1(.1 Sottaria spp. 0 0 1 5 o 0 4 3
M 1968 I six samplings. The | Unidentified sceds 7 15 i 5 9 4 2 H
esophagh were examined and Toble 7. Continved.

1. wildh Manage. 37(3): 1073 J. Wildl, Manage. 37(3):1973
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Toble 7. Continved.

Thonipson

Jradl Vi
{dBs
e it
Nuniber Percent
T

w-)__nWA__-mM..._ﬂ..wu_....v,_._.ﬂ«u--"‘.__,_ﬂ____.m———rﬁ..

Plant
Ceralophypilim sp. ' 0 0
faomng 3P 2 4
Aloae : 4] ]
i ; U {
B jals)
] 0

fora ATEe i pravetil b,

Ve Jdulin wore orgie
r by cuplare, SN ot

sl :" s
U chrng]
showed  changes i

(Fig. 2). The percentage of
sphueriids andd chirononiids in the diet
usually increased with time, while organ-
isms such as large snails decreased. The
larger size classes of sphacriids and chiron-
omids  decreased  (porcentage of total)
while small size classes increased in the
total (Table 9} suggesting that scaup se-
lected larger food items in the carly part
of the spring. Large sphaeriids were more
abundant in March than in April (Gale
1669}, Presumably, small clams grew very
slowly, if at all, during this period and
ware not reernited into farger sive classes
to replace those lost to predation,

Tight Petersen grab samples were taken
in May 1967 at four areas that contained
Targe numbers of diving ducks in daytime
during April. Tor comparison, nine similar
samples were collocted in arcas that ve-
coived little diurnal use Juring April. The
areas of intensive use by waterfowl had
amaller numbers of most benthic species
(Table 10). These data may indicate effects
of waterfow!l use on standing crop of ben-
thos in the spring but they do not explain
why birds continued to use arcas where
food supplics appeared depleted. Possibly
diving ducks fed at night in areas not nsed
by waterfowl during the day.

use over the

T

month

Trall V067
{20} (224}

Sprimg OHN
(i3}

AN
Nunther Percent Mumber Fu

a2

0 0 0 0 it 0
( ¢ U 0 0 {0
0 0 O O 8] 0
0 ( 7 3 { 0
17 85 201 S0 1549 100
0 0 2 1 2 i

ESTIMATES OF FOOD COMBUMPTION

Becanse Reokuk Pool iy un aren o mlei

dive waterfowl use, it seemed important 16
sstimate the consumption of food by diving
Lirds, This was accomplished by combining
the estimates of waterfowl use with daily
consumption figures {rosn Longeore and
Cornwell {1964) and caloric values from
Cummins and Wuycheck {(1971):

Longeore and Cornwell {1964} altowed
captive lesser scaup and canvasbacks 10
dive for natural food—primarily plants.
Scaup comgumed an average of 0.026 b
{dry weight) or abont 93 percent of body
weight daily. Using the data of Longeore
and Cormwell (1964}, we converted weights
vo calovies. Assiming cach scaup on Keo-
Luk Pool required at Jeast 51,500 calories
daily, as did the birds in the previously
mentioned study, they would need to ingest
12.6 grams dry weight of sphacriids daily.
There are about 4,320 calories/gram of dey
weight in two species of sphaeriids (Cum-
Cmins and Wuycheek 1971

One gram of oven-dry sphaeriid {with-
out the shells) is equivalent to 15.14 grams
{ damp weight) including shells and mantle
fluids ( Gale, 1969). Multiplying this con-
veysion factor times the dry weight con
sumplion figure {126 grams) gave a con
sumption figure of 9287 grams (daop
weight) of clams pex bird per day.

1. wildl, Manage. 37(3}:1973

Takle f.
asnphagi ol lesser «f
Pool.

Mumbers ¢

Animat foods
Castropoda
Campeloma sp.
Amnicola sp.
Sonnal O ras sp.
{ioplux sp.
Plegrarera sp.
Virdparn s s,
Flomdfenn s,
Phisa s,

veleoypodi
S.iranacersum
S, wirictingm
Tarcpe
Aedium
swall
Uhdonidae

Tnxecta

IHexagenia sp,
Trichoptera
Chironomidie
Very large
Pupoe

jargce
Medium

Smail
Corixidae
Elmidae

Crastacen

Aniphipoda

Other

Teeeh
Mile

Plant fuods
Seeds
Polygonum spp
Sagittaria spp.
Phant

Lemna sp.

Cravel
Shet {ingested

FEvE——————————
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;
Table 8. Numbers of food organisms appearing in 134 100
Sprimg UK J esophagi of fesser scaup. collecied in spring 1948, Keokuk :
Sprhing bt H 4
") Pool,
N Tereent Po &
Tm—— Number Number centage — H
of organ~  of gegr- oeetiY- - ~
o 0 isms renoes  rences é . |
— o
0 ) Animal foods = E :
& X =
:; 0 Gastropoda o 50 ~
i S50 Campelama gp, 1 1 i - ‘ I
134 y Amnicola sp. 249 18 13 o .
’ Somatogyrus sp. 25 19 14 é‘;’ . ]
Lioplux sp. 32 13 11 ‘51_
Plesrocera sp, 3 2 2 :
Viciparus sp, 5 3 2 1
TISUMPTION Fontigens sp, 82 as et
] Physe sp. 5 4 3 o, SN >
v area of intea- S N I M ¥
e Peleeviod MARCH - MARLH  MARCH  APRIL  APRIL  APRIL ;
o dmportant to tleeypoda B AN wy gy mn
ood by diving Sctransversim {‘
T Sostriatinum 24,776 125 3 v
s e 54 . = :
sy U{“*“”““‘w Large 197 59 Y NN f
use with dinly Medim o087 19 36 SPHAERTIDAE  TRIGHOPTERA f
‘ CoTe Smiall 24,293 125 g : By ;
Longeore “md {’i::i:mi:f'w 2 p 2 ? N e f
e ovvahires Tromm e - MEUIPGDA GASTROPODA OLR b
YTl ) frmeatn Fig. 2. Percent enumeration of six major food items in !
‘ I(){H) aliaeed H('.\'f!}.’f‘n‘iﬂsp. 1o 26 15 the esophagi of 134 lesser scoup taken on Keokuk Pool,
cvashacks (o MHchoptera 2048 55 (3 spring 1948,
farily plants Chironomidae 3,515 119 13}
PR o Very Lurge (3 { 3 {
ool 0626 1L Fupae 165 an 22 To determine total consumption for the :
precent ol hody e 256 59 44 entive area, the number of waterfow] days :
, U onreon it 1,235 103 75 for lessor « ing-necked d des o o !
daoof T o 1925 g2 69 Orlesser scaup, ring-necked due S, CANviy- i
peerted wetadity a8 11 16 backs, goldeneyes, and coots in the fall
Wiy o1 koo chidae 3 4 3 of 1967 was multiplied by the daily con-
RSO0 cadorte e sumption figure, The result of 4,800,000 ;
, . . Sistulete o T . 4
the previonsdy e 152 " o1 b of sphacriids wag equivalent o 25 por- ;
. R BRI ETAY A Pt e . . B :
Arieed o et ot cont of the estimated standing crop { Gale, :
shiaeviids duily Uither 1973, i
fovam of diy feech 66 24 18 This caleulation of toral consumption of
Baeriids {Cuone Vil 7 7 5 sphaeriids has several possible sources of
* . food eror. First, the entire diet of the five spe-
. . ¢t Toods . . . ..
phneriid {withs H oo cies did not consist of sphaeriids, although
ty IS0 e hedy volume conversions for the spring of 1967
wells and suntle - Polonum spp. 1 1 1 indicated food contents consisted of 85-95
. sutittarta spp. 8 7 5 . .
ving this con. pereent  fingernail clams, by volume.
fvoweisht cone iy Sccondly, the dail consumption ligure pro-
e weiy : y y p :
whogave a eon. Lewia sp, 148 32 24 vided by Longcore and Cornwell (1964) )
grams  {diwnp g 0 0 0 was for captive birds and ig likely to be '
wral I : .
per day. vt {ingested ) 0 0 0 lower than that for free-tlying birds,
we, 37300978 1wl Manage. 37(3):1973 i
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Table 9. Parcentage of sath size clasg in the total number
of chitonomids ond fingernall cloms {ound in the esophogi
of 134 lesser scaup  from 17_Mmch to 13 Apri 1968, eol-
fected of a site of intensive fecding, Keokuk Fool,

Muarch SMareh April
17 2 313
(hivonomidae
Pripeie it 2 3
Vory larse _ A 0 0
i 5 1 4
i i RN Bt
] B [£R]
otad 1 100 101
soiperiidie
Larse
w2 wide 11 3 0
Sl
< 2 wide 8% a7 100
Total 100 160 100
One scaup, cvllected just after it had

stopped feeding, contained 100 Jarge clams.
Another seaup, eollected by net, contained
1,800 smafl .\;ph'.wri‘.ds. One hundred Targe
clams weighed about 25 grams { damp
weight) and 1,800 small clams weighed
18-20 grams {(damp weight) (Gale 1969).
Should 100 large clams he the maximum
a scanp could consume in one feeding,
the bird would need 9-10 foedings per day
to obtain the theoretical 999 grams, Ob-
servations of day and night feeding indicate

Freping LooLoay or 1vING Ducks = Thompson

this is possible, especiaily with the prevas
Jence of night feeding and the abundance
of sphacriids on Keokuk Pool.

DISCUSSION

Population surveys indicate 20 million

civing duck didys use per year, placing Keo- '

ke Pool among the most heavily utilized
areas of inland North America for diving
ik, Thin shudy has clearty shown the

. : ‘ . ‘
itensive nse of the Kookuk Pool T

drcks andd their utifizabion of ity ot
RIS

(1 addition, the Keokuk Pout provides d
and sport lishery.

substansial commereinl
ial cutels

Nord (1967) reported the conumnera
averaged over one million pounds pey yeit
{ront 1053-64, the major specics being oup
(Cyprinus carpio). Jude (1968, 1973
found motluscs were utilized as food by 11
of 13 species of bottom-feeding fish from
Keokuk Pool. T ingernail clams pecurred i
nine of these species and were major cot-
ponents of the food of the carp. Ranthum
(1969) found that freshwater drum { Aplodl-
notis grunniens), pumpkinseed { Leponis
gibbosus )}, bhuegill { Lepomis macrochirus),
nd even yellow perch {Perca flavescens]
atilized fingernail clams as food,
Undoubtedly, the tremendous  standing
crop of the Kookuk Pool in terms of finger-

Toble 10, Comparison of the mean number of arganisms per squore meter between Grecs of heavy and light wwitterfos!

usa, Spring 1947, Kookuk Pool.

Henvy nse (830

S

wmmber Average
D
Chironomidag 2.45% 307
Tricheptera 70 10

[evagenia sp. 3,251 406

Sphacriidae

> & om thick 335 12
< 2 o thick 8,062 1,032
CGastropoda 1,706 214

1 duht use {0

Camfidenes

Total

number Average fevalies

3,942 438 1.336

1,533 171 1.932

1,274 1431 1.384

GOl 77 1.003 0

7974 8 886 1,591 g

3,845 428 1.104 H0

x Number of Leterson grab samples arc in parenthesas

7. Wildl, Manage. a7(3):1%
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a0l

Lete 20 million
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 heavily ntilized
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Gearly shown e
Cak Poal by diving
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w speeies heing carp
tade (1965, 1973}
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aud were muajor cont
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P s f()()(‘l.
remendins shandiug

b i terms of finger

A6 heovy and tight walarfost

ety

Cunfidemes

fevnbues

1.536

1.832

1384

1.003 50
1 H 0
LA04 50

1), Manage. 37 {3y 100
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nail clams and other benthic organisyms
provides a rieh food resouree for both
waterfowl and fish.

On the heavily polluted and  altered
fllinois River, the disappearance of diving
ducks appeared closely related to the dis-
appearance of their food supply, primarily
sphaeriids (Mills et al. 1966). The Hlinois
Hiver commercial fishery, of which carp
were amajor comporent, declined steadily
over the se period,

One can conclude, if the Keokuk Pool re-
source is destroyed by siltation, chemical or
thermal pollution, stream deepening, water
diversion, or a series of such moditications,
wse of the Keokuk Pool by diving ducks
will stop. '
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