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Abstract: Nest depredation is the foremost cause of reproductive failure in waterfowl. Management strategies typi-
cally have focused on reducing predator contact with nests, yet the fate of nests after predators have found them has
received little attention. Although nest depredation can result in complete clutch loss, nests often are only partially
depredated and the remaining clutch may be successful. We investigated the prevalence of partial clutch depre-
dation in dabbling ducks and assessed its influence on duckling production in the Suisun Marsh of California, USA,
from 1998 to 2000. Partial clutch depredation by predators was common in all duck species and in all years. Over-
all, 37% of mallard (Anas platyrhynchos; n = 803), 37% of gadwall (A. strepera; n = 340), 22% of northern pintail (A.
acuta; n=46), 31% of cinnamon teal (A. cyanoptera; n=16), and 1 of 2 northern shoveler nests (A. clypeata) were par-
tially depredated. Of those nests experiencing a depredation event, 53% of mallard and 50% of gadwall nests were
only partially depredated rather than completely destroyed. As a result of partial clutch depredation, total duckling
production was reduced by 10% for mallards and 9% for gadwalls. The female’s decision to stay with or abandon the
reduced clutch had an important influence on nest success. Mallard and gadwall females abandoned the nesting
attempt after partial clutch depredation 37% and 32% of the time, respectively. However, 27% of partially depre-
dated mallard nests and 23% of partially depredated gadwall nests were successful. Egg success was 0.60 + 0.24 (mean
+SD) for mallards and 0.53 + 0.23 for gadwall. From 1998 to 2000, 22% of mallard and 21% of gadwall ducklings pro-
duced in our study area came from partially depredated nests. Although many duck nests experienced partial clutch
loss, they nevertheless contributed substantially to overall duckling production. Incorporating an estimate of egg
success, in addition to nest success, may provide a more accurate assessment of waterfowl management strategies.
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Predators are the primary cause of duck nest managers rarely have considered the actual fate of
failure and can significantly limit recruitment nests after predators have found them. Although
(Sargeant and Raveling 1992), potentially below nest depredation can result in complete clutch
replacement levels for mallards (Cowardin et al.  loss, in many cases nests are only partially depre-
1985) and other species (Greenwood et al. 1995, dated (e.g., Choate 1967, Grand and Flint 1997,
Klett et al. 1988). As a result, waterfowl manage- Lariviére and Messier 1997), and the remaining
ment strategies have focused on reducing preda- clutch may still be successful. Partial clutch loss
tor contact with nests through predator exclo- occurs when predators either are unable or dis-
sures or removal (Lokemoen and Woodward inclined (e.g., satiation) to consume an entire
1993, Sargeant et al. 1995, Garrettson and Rohwer  clutch and therefore leave some eggs intact.
2001) and planting dense nesting cover (reviews Partial clutch depredation potentially influ-
by Cowardin et al. 1985, Clark and Nudds 1991, ences duckling production in 3 ways. First, it may
McKinnon and Duncan 1999). Researchers also reduce the probability of a nest being successful,
have investigated the effects of predator compo- either because the female abandons the remain-
sition and abundance (Johnson et al. 1989, Sova-  ing eggs (Armstrong and Robertson 1988, Acker-
da et al. 1995), supplemental prey (Crabtree and man et al. 2003) or the nest becomes more sus-
Wolfe 1988, Greenwood et al. 1998), and alter- ceptible to further depredation events (Choate
nate prey (Byers 1974, Ackerman 2002a) on nest- 1967, Lariviere and Messier 1997). Second, if the
depredation rates. However, researchers and female stays with the reduced clutch, fewer eggs

remain in the nest with the potential to hatch.
Third, if the female stays with the nest and the
!'E-mail: jtackerman@ucdavis.edu nest is successful, the remaining eggs in the
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reduced clutch may have reduced hatching suc-
cess. For example, prolactin levels in captive
female mallards decreased after partial clutch
loss, which caused the brood patch to deteriorate
and resulted in reduced hatching success of the
remaining eggs (Hall 1987). Thus, partial clutch
depredation has important implications for duck-
ling production.

Management strategies designed to increase
waterfowl production typically are assessed using
the Mayfield estimate of nest success (e.g., Sargeant
et al. 1995, Greenwood et al. 1998, McKinnon
and Duncan 1999, Garrettson and Rohwer 2001);
however, this measure does not fully incorporate
the effects of partial clutch depredation. For
example, although a partially depredated nest
that hatches >1 egg is considered successful when
calculating Mayfield nest success (Klett et al.
1986), the number of eggs hatching within a suc-
cessful nest often is not reported. In areas with
high rates of partial clutch depredation, the
number of eggs hatching in a successful nest can
be significantly reduced. Therefore, duckling
production would be better estimated if both
nest success and egg success were reported.

On the other hand, estimates of waterfowl pro-
duction that incorporate measures of both nest
success and egg success inherently take partial
depredation events into account. Yet, the propor-
tion of duckling production lost to partial clutch
depredation and the amount of production con-
tributed by partially depredated nests typically is
unknown. Management strategies would benefit
from this knowledge because predators and preda-
tor behaviors that partially depredate clutches may
be different than those that completely destroy the
clutch (Johnson etal. 1992, Lariviére and Messier
1997). Understanding which predators and
behaviors are most detrimental to duckling pro-
duction depends on knowing not only the num-
ber of nests depredated, but also the magnitude
of clutch loss. Predators and behaviors that result
in a clutch being partially consumed may not
influence duckling production to the same
extent as predators and behaviors that complete-
ly destroy a nest. Thus, management strategies
may vary depending on the extent to which duck-
ling production is reduced by partial rather than
complete clutch depredation.

Our objectives were to (1) quantify the preva-
lence of partial clutch depredation, (2) assess its
influence on both nest success and egg success,
and (3) determine both the amount of duckling
production lost to partial clutch depredation and
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the amount of production contributed by partially
depredated nests. We reported high rates of par-
tial clutch depredation in 5 species of upland nest-
ing dabbling ducks and used mallard and gadwall
nests to examine the extent, magnitude, and fate
of partially depredated clutches over a 3-year
period during which annual nest success varied.

STUDY AREA

The Grizzly Island Wildlife Area is located in
the center of Suisun Marsh, a large (approx
34,000 ha) brackish estuary at the downstream
end of the Sacramento—San Joaquin Delta in Cal-
ifornia, USA (38°08'N, 121°59'W). The Grizzly
Island Wildlife Area contains roughly 2,000 ha of
wetlands and 1,600 ha of uplands managed for
waterfowl production. We conducted nest search-
es within upland fields during the 1998, 1999, and
2000 duck nesting seasons, searching 222, 219,
and 230 ha each year, respectively. We examined
a broad range of representative habitats within
our study area, although fields searched for nest-
ing ducks were not randomly selected due to
logistical constraints. These uplands are man-
aged by the California Department of Fish and
Game on a perfield basis for different vegetation
types and structure, including fields dominated
by pickleweed (Salicornia virginica), vetch (Vicia
spp-), herbs (Atriplex patula, Lotus corniculatus),
mid-height (<1 m) grasses (Lolium spp., Hordeum
Spp., Bromus spp., Polypogon monspeliensis), or
taller (>1 m) grasses (Elytrigia spp., Phalaris spp.).

METHODS
Nest Searching and Monitoring Techniques

Waterfowl nest search procedures were designed
following Klett et al. (1986) as modified by
McLandress et al. (1996) for our study site. Nest
searches began in early April and continued until
July to ensure that both early- and late-nesting
ducks would be found (McLandress et al. 1996).
Each field was searched at 3-week intervals 4-5
times until no new nests were found. Nest search-
es typically began at least 2 hr after sunrise and
were finished by 1400 hr to avoid missing nests
while females were on morning and afternoon
nest breaks (Caldwell and Cornwell 1975, Glout-
ney et al. 1993).

We conducted nest searches using a 50-m nylon
rope strung between 2 slow-moving all-terrain
vehicles. Tin cans containing stones to generate
noise were attached at 1.5-m intervals along the
length of the rope. The rope was dragged
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through the vegetation, causing females to flush
from their nests, thus enabling observers to find
those nests by searching a restricted area. Each
nest was marked with a 2-m bamboo stake placed
4 m north of the nest bowl and a shorter stake
placed just south of the nest bowl, level with the
vegetation height. We revisited each nest on foot
once every 7 days, determined the stage of
embryo development by candling (Weller 1956),
and recorded clutch size and nest fate (hatched,
destroyed, or abandoned).

We considered a nest successful if at least 1 egg
hatched (as determined from shell remains; Klett
et al. 1986). After each visit, we covered the eggs
with nest material, as the female would have done
before leaving for an incubation recess. Nests
that were abandoned on the day we found them,
or were partially depredated before we found
them, were excluded from all analyses (Klett et
al. 1986). We also excluded nests that were dis-
turbed by investigators, such as nests that were
altered by clutch-size manipulations (Ackerman
2002b) and those damaged by nest searching or
egg handling procedures (Klett et al. 1986).

We calculated nest success using Mayfield
(1961, 1975) techniques modified for waterfowl
(Johnson 1979). Nest-initiation date was calculat-
ed by subtracting the age of the nest when found
(i.e., the number of eggs when found plus the
incubation stage when found) from the date the
nest was discovered (Klett et al. 1986).

Partial Clutch Depredation

We considered a nest partially depredated
when the clutch size was reduced between con-
secutive investigator visits and at least 1 egg was
still intact in the nest bowl. For laying-stage nests
(when clutch sizes increase between consecutive
investigator visits), we assumed that females laid 1
egg per day and began incubating the eggs upon
the termination of laying (Afton and Paulus
1992). Therefore, we suspected a laying-stage
nest had been partially depredated when the
number of eggs in the nest was smaller than
expected based on laying rates. We confirmed
that a partial depredation event had occurred in
these nests by using eggshell evidence remaining
near the nestsite; otherwise, we excluded the
nest from further analyses.

We categorized partially depredated nests as
having either eggs missing or eggshell fragments
present within 3 m of the nest. The date of partial
depredation was estimated as the midpoint
between discovery of the depredation event and
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the preceding visit (maximum error of +3.5
days), and the incubation stage at the time of the
partial depredation event was defined as the
number of days the eggs had been incubated
prior to that date. If the partial depredation
event caused the female to abandon the nest,
then we also used the arrested development of
the embryo in the remaining eggs to determine
the stage of incubation at which the depredation
event occurred (via candling; Weller 1956). We
continued to monitor partially depredated nests
until their fate (hatched, destroyed, or aban-
doned) was determined. When multiple partial
clutch depredations occurred, we based our
analyses on the first partial clutch loss unless oth-
erwise indicated.

Nest Desertion

Nest desertion from partial clutch loss was
determined from multiple clues, including
female absence, egg temperature, down place-
ment, and arrested embryonic development
(Klett et al. 1986). A nest was considered to be
active (non-abandoned) if we flushed the female
from the nest subsequent to the partial depreda-
tion event (abandonment generally occurs within
24 hr of clutch loss; Armstrong and Robertson
1988). If we were uncertain of a nest’s status (i.e.,
abandoned or non-abandoned), we revisited the
nest within 7 days to confirm that the female had
either abandoned or stayed with the reduced
clutch. If we still were uncertain of the nest’s sta-
tus following the partial depredation event (e.g.,
if we found the nest further depredated upon
our revisit), we excluded the nest from analyses
of nest desertion. Additionally, nests with evi-
dence that the female had been killed during the
partial depredation event were excluded from
analyses of nest desertion.

Egg Success

Egg success, also known as hatching success,
was defined as the number of ducklings hatching
in a successful nest divided by the total clutch size
(Sargeant and Raveling 1992). Egg success of par-
tially depredated nests was calculated for (1) the
initial clutch size, and (2) the remaining eggs
after the final partial depredation event. The first
was calculated by dividing the number of eggs
that hatched by the initial clutch size before a
partial depredation event occurred. The second
was calculated by dividing the number of eggs
that hatched by the clutch size remaining after
the final partial depredation event (hereafter
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rederred to as the remaining choch siee). Egg suc-
cess of intact nests was caloulaed by diseding ihe
number of eggs dat bached by the compleie
eliatch size, Onby nests considered o have a “com-
plete cluteh” were used b delermining the egg
success of intact chaiches, Complete clutch size
wits defined ns the ol sumber of eggs Tnid
before the incubation period began (Afion and
Pl 19925, Meas with eggs cubsied =8 day
upon ciscowery were excluded from complene
chutch stanss (and pod used b asiahses) doe o
high rates of partial cluch depredation and the
resuliant uncertainm that nests still contained all
cgEs . were orginally lald, Only seceessfil
nests (2] epg harched) were wsed o calculie egg
siwoes, Adelltbopally, we ineluded onby nesi in
which we could deiermine with confidence the
mumber o eggs e leiched (@ detemmbned
tromm shell remains; Kleo er al, 1986).

Duckling Production

We estimiied producidon using the Tormula:
[, ool elucklings = (oo, of successlinl neses] «
Imean chich size] = [mean egg seccess]], We
use] s bormwla (o estinare (e number of
ducklings prodiuced from the area we searched
durbing our sy, We caleulaied both the satal
duckling production and the production from
partally depreckated nests oaly, Additionally, we
estimated the number of ducklings lost o partial
clitch ﬂl‘pl:'q.'dil.hlﬂ ising the lormyula: (oo aof
ducklings lost a0 pardal cluch depredation =
o, of partially depredated nests that were suc-
vesstul] = [mean cliich sise] = [{mean egg suc-
cess of intact nessd - (mean egg sucoess of par-
‘|H||[| 1F|‘|.|=I"r|||-lllﬂ.| meewisd ]|, l.'llhl those Towimilas,
we eatimated the Prupm'l:i.im o dl.l.;'k.li,ngs pro-
chiseedd From partially depreduted nests and dhe
propomion lost w pardal dutch depredation,

Statistical Analysss

We used Mann-Whitney [7 vesis, corrected log
thes, o compare the number of egys depredated
in each eggahiell category (1o, partially depredar-
e nests willi egigs imbssbing or eggshells evidens
within 3 m of the mest), and 1o compare eg suc-
eoess ammong partially depredated and inisce nesis,
We wsed Hests o compare clutch sizes among
nests that either were partially depredated or
coutpletely destroved when first found, Logisiic
regriasion wiis used o anabves the likelihood of &
nest beeing partially depredaved rather than being
compdetely destroved (when the nest was first
found) throughoun the nesting season. We con-

m

ducted analyses on poobed data for all vears
unbess ntherwise specified, All means are reporn-
ed &1 8D,

RESULTS

W foamd 1,222 (803 usable for partial clusch
dlepredition analysis) mallard, 400 (5400 gustwall,
48 (46) northern pintail, 18 (16) donamon weal,
and 2 (2] northern shaveler neses b 671l dar
ing the 199-2000 watcrfow] nesting scasons.
Owerall, mallard nest success ranged from 8, 7%
(95% 1 68 oo 10990 in 1998 amd 8.2% (5.6 w0
P1.9%] in 199% o 33.6% (28,5 (o 39.6%) in 2000,
Caaichwsall mvest meccess was [2.0% (9%% Cl: 8.2
17.4%) im 1998, 2.6% (1.0 oo &9%) in 1999, and
26.0%: (155 o 36.5%) ln 2000 This yearly wrks:
g in nest success allowed us o asscss the infle-
eice il parilal cluich deporedation dauring dilfer
ent imtensities of nest depredaton common o
our study site {Melandress et al. 1906), [hae o
sl sample sizes of nonbern pioniail, cimmamon
teal. und northern shoveler nesis, we used mal
lurel aned gadwall nesis for most analyses of partial
clutch depredacion,

Partial Clutch Depredation

Partial cluich lows by prodasors wis coman (5
all duck species and in all vears. Oxverall, 3% of
mallagel sasis were partially depredated, ranging
From 2™ in 1999 v £2% in 1998 (Table 1). Sio-
iarly, 37% of gacwull, 22% of northem pintail,
3% of cinnamon wal, and | of 2 aorthern shov-
eler neses were pardally depredated. ©F those
niests experencing o depredation event, $3'% ol
mallard and 30% of gadwall nests were partially
depreduted, mther than compleely destroyed,
when first found by a predasor (Table 1),

Partial chisneh depredation was comimaen through-
ol the nesting season (Fig. 1. Jultan nest-initia-
thon elave alid noe influence the likelibood of
being partially depredated for malkard neses {n =
B0 likelibomsd ratio 32 = 0,66, = < 001, P=042),
whereas gadwall ness wnded w0 be partially
dl.'pﬂ‘d.ll!d miore aften carlier in the MESHing sea-
iy {n = Mk likelihood rato 32 = 908, #2 = 002,
F= 0003, Gadwall nesemitaation dates averaged
e iy Baver (han iliose of pallireds,

Fartial clutch depredation  was  common
thromghont incubatbon and resulied i o wide
range of remaining clutch sizes (Fegs. 2, 31, Initial
clutch alees were 5.6 & 1.5 eggs for mallards and
052 1.7 eggs for gadwalls during 19E-2000. The
invitdal eluteh sive did oot affect the outcoma of &
predator deprodating o mest (e either parially
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deprecited or completely destroved; mallard: § =
17, = 3, P LR T gaadwealls 0= 0,20 of = 184,
= 085 Mallard nests lost an average of 3.05 +
200 epgs o 3T 2 2% of the cluich during the
timst partial depredation event, Similarhy, gadwall
nesis sl 132 & 300 oggs, or 38 & 4% of the
clutch. Most commaonly, panial cich depreda-
ticay resuilted o the loss of only | egg, regandless
ul nesting species or venr (Table 1),

Partially deprodated nesis freguently bad egys
nisslay withiont nther evidonos such as eggsliclls

oF yolk that would indicate diat a predator had
ilisturhedl the clutch {Talle 23, Fewer eggs weie
It frowm mialland nests with eggs missang (213 £
152 e or 20 & 18% of the eluichl tios from
nests with eggshells evident (382 £ 222 ey or
A7 & 28%% ol the cludely £ = 6,06, P ARANE] ). Shim=
Warly, gdwalls lost lewer eggs eom ness with evi-
dence of eggs missing (2,33 + 166 opis or 25 +
I %% of e elunch than oo nesis wilh eggsliells
evident (460 + 247 emgs or 50 & 15% of the
clubchy &= 8,32, < 000 Tablbe 20,



I Wik, Manage, STOR2000 PARTIALCLUTTER DEPRELATION ARD TOCKLING RO TN ¢ Adammaal 98]
Hix _1998 15 20K
i Mallard
Bl -
i -
]
£ 0/ 10
L 0 d 0
g A0 —re LR o 3
Gadwall
4 - 4
Z ]
k1] L n
FlIE it
™ 3 E
n E ﬂ o x| ﬂ —myry—y

60 E0 100 1200 140 [60 180 60 BOOIOD 120 140 16D 180 60 B0 MO0 120 (40 160 180

Julian Mest Initiation Date

Fig 1. The numbser of maliard ardl gadeall nasts hal wans pariially Sapradatad (Nsd) cul of the ioial rumber o resls | B
infimied by dabo curing tha 18962000 nesling seasans in the Susun Marsh, Calforma, LUSA,

¢ S0

40

F 30 MNumber
2 of nests

¢ 10

10 20 30 40

&
Iﬂ- i - .
" PP e e L S .
B8] § o gl 4 0 e a
5 VT M s S e e
S 6 4 .:.ni,.. ag s s ::i anafi M @k g gl
E‘ g o= o] eoen gee pia? ! aa aa a
L BRI T i o B e
a EII lquE . Ak R e P
ﬂ:. 1T & [} § saa & ....:..;. &
ok s R PR g
0 —r——r

0 2 4 6 B8 10 12 14 16 18 20 22 24 26

Incubation Stage at Partial Depredation
Fig 2. Bcalter ploi ol pamaly depodaied melan nasts wilh reapst i the pemisinieeg cluich size and ssage of intubabion han
e depredaion @anl coourmed, Each data poind indceies & partal deprecation avant; overlapping dala points wens adjesied

wurdl| wialola, Siribls indecale difforont years: @ 1562, B 1000, and & 2000, Frequeray dlsinbulicns nre shown above and 1o tha
Hight of e soame phot. Daln wiars doleclad ) Busun Marsh, Calrorned] S8,



82 PARTIAL CLUPTES DRPIETATION AN DUCKLING PRODUCTION ® Al | Wilil], Munage, §7(3) 2001
20
16
L 12 Number
- g of nests
$.s 1215
12
L] L] [
1':' ] & @ & w4 # : -
TR A R
E £ T W am ig s 1 in
_=. P : 'I & & wa &
[ i ¥ @@gE & Ll Ll
e 6 . i
'g - i & ‘.1 - 'y -
4 i~ * . L
5 i LI | LI I T .
'2- ’ ] - - i m & &
- - L L]
[. L T L v p— L3 r L) T
0 2 4 6 8§ 10 12 14 16 1% 20 22 24

Incubation Stage at Partial Depredation

Fig 3. Ecatter plot of partinly Sepradesed gackall resle with respacd 1o Ihe remaining chulch aiee and sage of incubation whan

rea danredaion annl cocurmad, Each dath poisd indcates & parial depredation event;

daln poinis wem

adpsted
il visitda, HI""‘“"“HH#H’NH' years B 1008, B 1000, &ncd & 2000 WHHMI“ an aFswn abova and 1o 1ha
Fight Of Tres Boames piol. Caln wens coleciod & Busun Massh, Calitgrni, LG

Fate of Partially Depredated Nests

Neat Suevess, —Females can ebilier siay wihile or
ahandon a partially reduced clutch, aned this deci-
alaa will in part eleternine wheidlser the nesy s
successtul. Abandonment was g major cause of
pest Duiluire af |1||.|11|||I3.' |1|:'||||.'-|1||.|1'|:l wlutihies
{Takde 1), Owervall, mallard amd ;|.|;.|n|.‘|w:|]| bennand e
abandoned the pesdog aiteinpt Doy
alley [.r;uli:al cluich 4".||.~r.||'-|'rl:|.|i|.|||. 7% el 32% ol
Lhe tme, n:rprrl'imlg.'. Mallirel Femabes that stayed
with redueed clwiches were succesaful in hagch-
ing =1 duckling in 43% of ness, ranging [rom 17
s S5% aivong yeas (oslalinion estbimares; Tl
Ih. Likewise, gadwall females thai stayved wiih
rerdueedd eliteches sppceessiully atchesl 21 claeks
ling in 3% of ness,

Across vears, partbally degredated mallard nosis
watre successful 2T% of the tine, ranglng from 11%
LOORY mned 0% [ 19097 wlien nest suecess was low to
A2% (20401 when nest sucecss was high, Smilarly,

2345 ol all partally depredated gacdwall ness were
suiccesaliil, Panbally depredtatec] galwall nests weire
s suceessinl kn 2000 when mest suceess was the
Fibgehient wiel Dessar sapccessdiol b 1990 wlen nest sid-
cens was lowest (Thbde 1), Depredation subsequent
b Al bdisal parial depiedition evond chiased
36 % of mallard and 43% of gadwall neas o fail.
Fagr Srevveen —ON the B1 mallard and 24 gachsall
parikally depredated pess it were suceesalial,
we were able 1o obadn reliabde havch daga Gor the
egge of 57 mnllaced and 28 gadwall nesis, As ex.
pected, epg suceess of pardally depredated malk
lwrel peses (lrom the Dsidal clisteh siee; 0,60 30,24,
it = 57) was bower than thar of inact nests (0.92 +
16, w= 94 Fig, ). Likewise, egg success ol pare
tally depredared gadwall nests (L33 £ 0233, m =
287 waas hower tham thid e intact mests (0079 4 40,26,
i = A F||.:.4:|. Howwever, when we consblered oy
thir AN PEES in Ful.rli:ll'l:.- ﬂr|:||'r|:l.1l1:'n:| mesls
(e, Hll 1987), egE siecess was ol signklicantly
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Talsli 2. Humber of mallasd and gadwall sggs losl 4 pariial duich depesdsson dunng 1898=2000 in tho Susun Marah, Calso-
nia, US4, Pardaly depradated nesta e calegoriced socoming fo the depeedated @05 as sithar having sggis) missing o sgg

Bk R meldard a1 T nasl,

Mo of $gc Gaprecatid in nest

Mo of aggs degradaled = reals

e o e
1 Toisl (1" 1088 2000 Toslal
Wiatnrd

Bampls wes nesis) oa 14 (] 1. a2 an 0 163
Moda 1 1 1 | 4 1 1 1
Maan & 80 B0 w100 2214 1,70 200 w167 218 @ 1682408 o 2200 381 s 243 001 & 004 287 & R2R
Proporson ol clich ksl

=E0 0ZF £ 06 0262020 02T 018 028 a DR Q52 & 025 DA =004 044+ 028 047 2025
Oadwal

Sampla sze {nast) a1 L] 2B k) 23 5 a2 -t}
Moda i 1 1 1 B T 2 ]
Mean & S0 Q00w VIR DAR A0 P £ 308 200 |88 406 28 RAG e300 4054250 4602247
Proparian ol chilch ko)

1 B0 028 e08 DAY O 026 6099 026 017 OBS 00 DB & O2d 0404024 .50 & 0.2

Pevwrer Uiy it o boeiet mallore (0085 2 023, 5 =
5% £= LK, P = 024} or gudwall nesis (0,74 £
02T, =24 Zal T PaidT: H“ 45,

Duckling Production

Froan VY8 1o 2000, 274 mallard ancd 104 gaclwall
neats hatched, producing an estimated |97 ol
larel and 704 gadwall ducklings (Table 3). ©OF
ihese, 206% of suecessful mallard ancd 37 9% of
successiul gdwall mesis had been pardally depre
alated, Therefore, T19% ancd 2007% ol she wotal
iueber of mwidlard and gadeall ducklings pro-
duced came from pactially degredated  nesis
(Table 33, Aihough yearly sample skees of sue-
cesstul nesis are small, partially depredaced mal-
lawd G gacwall aesis conalsiently  produded
=2 of the wial number of ducklings each year
(Talile 31, excepa For guebwalls in 1990 when we
fonmd Few mests and none of the partially depres
dlateel newts (= 13 hatehed (Table 1),

We alse determined the degree 1o whicl duck.
ling production wis reduced by partial depreda-
fhon avents in nests where females siayed with
riedhiced clitches and were suceesinl. Because
tlpeset mesin were pactlly depreclaied rather than
remaining completely inact, ol duckling pro-
ductlon was rechaced by 10,3% for mallirds and
2.1% for gadwalls (Table 3).

DISCUSSION

Factkal eluech chispredition was comimon in all
duck species in all vears, We loaned i 37%% of all
ihick nests were partially deprediied, Further, of
the nests thit experienced & depredation event,
52% were partially depredated rather than totally
Hestroged when fhist lsunad liv a |.uL1l.i|:|||', lia the

Mg

L0+ (04} {57 (57} i
(.5 4 |

EI.E . E .
ip.4 o !
02{ & ;

E LAY
g
(16 15 25
1ol H (25} (23} i
0. - s
1,15 g
1.4 - -
0.2+ E o 8 -
0,0
o 0f
Remaining  Faitial
Clulgh Slee Cluich Size
Intact Partially
Nests Depredated
MNests

Fig, 4. B plols of poass for succasalul makand and
gatenl nesls duvg 1DBB-2000 In (e Bulun Mamh, Cai.
lomia, LISA. For bdth malard and gadwall. egg suocass of
nosla patinly depredated from the indlial olulch size wes
kowae than Wl ol Imacl resls. Howesed, we lound no signil:
Al difiacench betwsen egp success of tho remaining egos in
partnly cepepdated nasts and ndacl nesld Bample Ko
|Pmiliar of rasli) Gid Indoiked in parsrirasos
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Tamde 3. Malard ared padwal ducking proguclion Iom parlislly depredated nasls during 1000-2000 s ihe Sulsun Mamh, Cali-

fomia, LSA

Ducing predslisn

Sucoassiul | Chulch Egg From parialy Loal o pamal
realn alen® sutcoss® Hufmbad dapraciated nagies? deprodatan
Bakand
Al nesln
1ol 5 n.a [ 2m - 11509
1508 17 B 0.8 124 - 6.1%
2000 ) aa oAt 1,661 - 10 P
Total a4 ] 3,808 1,807 - 1 3%
Fartally dapredalad nasts
1 " L] Darl 50 BN -
19405 4 8.6 0.7EE 26 205% -
20H} B8 B8 OETH a2a 1 2% -
Tiztal Ul b Qe a1a 218% =
Gadwal
Al nopla
1968 i1 ET) L B0A 407 - 10,15
1504 T 23 1,000 B5 = o
000 ap ez LLEES 26l = 0.0%
Tokal 104 a5 arid 704 - 0%
Pty sl ae] Pasle
1668 16 1] 0 Al a7 21.6% -
1999 o 93 MA o 1S -
00 (L] LB {1508 85 26.8% =
Tonal #1 05 0.530 148 20.7% -

% Maan chich sipe for paitinly deprpdated neals was cakoulated sach year using @ nasle keown b bave @ complite cluloh,

b EQ BuCORES walk cilculatad aech yaad using only those nesis inown Lo have a compists chioh

‘Tﬂlﬂ'lmtfﬂﬂ.rmHMMMHmﬂﬂmmmmimﬂﬂmwrwmmhﬂE’ld-l'ﬂ'
epaful npsta, and the pelimates ol prodhelion ane momm muh“rmmmmiw nil i

4 Duckling production trom partaly tapmdalod nasts as o poroied of T totsl producion.

few other siodies that have reported  partial
dhegrredatbon rates, partial chutch deprocdatian wis
relatively common. For example, 23% of spaectas
cled ebder  (Somabmia facherd) nests on the
Yukon-Kuskokwim Delia in Alaska (Grand and
Fline 19975 and 9= 3% of commaon ebder { S
ma modlicomal nests on sland: off the coast of
Mlabine were partinlly depredated (Choate 16T,
In a radictelemeny Jllu'ljr in Saskaichewan,
atilpeed skumks { Maphiris mepditin) partially de e
e 6 1% o matnrsl (Awaspp. ) and 69% of same
ulated duck neses rather than completely destroy
b theme {Larivlers winel Messier 1975, In Adaska,
3% of emperor goose (Chen canmgioal egs lose
o paelators were lom seceessful pests {Elsen
hauer and Kirkpatrick 1977), Thus, partial clutch
clatprrvebationn oecnrs in sisvern] walenlowl species
and warerfowl production areas. However, no
ahiwnpn Tis begn neace e quisntkly duckling pro-
dlisc oy Jost wo Uals wvpe of depredation event.
Although parial chiich depredatdons redveed
duckling production by 2=10% i our sy, par-
tnakly reshuced clinches nonetheless contnbated
substitlally to duckling prodocibon (Tabde 3,

The likeliaod of swecess for partially depoedaned
neats dlepends o a nombser of faeors (Fig, $).

Partinl -L?Iuln.h Diepredution

b

Ahandan Stay

bt

T-m Fit
il
u’ . |
Tartial Camplen Fem
i haich Loowi i bl Lai &T
Llmmrenida]
[ —— IH'III_‘I_

Fag. §, & rarssion o dapoing ha comparands ol patin
chich depredation thal infuence ducking peoduclion. Afar
partal chfch degepdatian, a fomala dockdes whathet 16 slay
with of BDandcn T a0utad chach, ksl dasarlion neuls n
an pnsuccesshd nesting shempd (1 o femaks Slays, (e nast
aithar will ba gicoarshil wih dudkbng produciion being k-
aried by 640 suotad, oF sl [ Rrihor depnedalad, stbar
completely or parially. Complete cluich ioss reaula in an un-
succaesiul rastng atlempl. whareas partial culoh Inss rmeulis
I tha Famaks making anolher dessan o slay oF abandon,
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Wiken |urI|:|.i clittely loss occurs, the decisisn il
the female o cither stay with or abandon the
reducetd el h peliys i L it b dloteroldog
whether the partial depredation event resalits ina
sisccessful nesting ALTSNTRIN We fmaned thai mal-
lard and gadwall lemales abandoned partially
dhepredited pests about aoesthieel ol he e
(Table 1), Whether females sty with or ahandon
nests depends on the remaining clutch sige andd
slage in icwbaton=—females tewd oo whandon
small clwiches anad neses pamially depredaned
early in incubktion gl sy with Birger and older
clutches (Armstrong and Roherson S Acker-
s in al 2003, Mowever, moat Feoilis sl
with partially depredated cluiches, and these
iests often were successfinl (Tabde 1), Egg siccess
ud nests chat were partially depredated alse was
ligh (Fig. 4. Contriry to Hall {1987, we fouwncd
o evidence thai siccess of ihe rrnulni.ng l,*gg!.iu
partinlly cepredated neses was lower than thise of
T N Imtaet nests for osablarels o H:.Iﬂh.ll“j. [[§1
toetal, over one-fifth of all the ducklings procduced
in he Sulsun Marsh from 1998 0 2000 came
from partinlly depredared nests (Table 3.
Lipdersanding e predsior and  predator
behaviors involved with partal elueh depreda-
tien coulel elp imanagers sheselogs naoee offeetve
management strategies, Pardally  depredated
ests had cither egas mdsslng o eggehell ovi-
clenee remaining near the nestale, and the nam-
et ol egge Iost Tromm these typees ol neses aliffered.
Ferwarr e swetrat lowt Froms nests in wlilch ilie anly
evidence of partial cluch depredaion was mess-
ing epms e froim nests with cggshell evidence
of depredation (Table 2. This difference in ey
Bosss iy T e ae different preditors or preda-
tor behaviors {e.g., satiation, foraging mode].
“'l'allt]n':i ik |I-1:'|.|1r:| akeiin ks canised imansl [Haui=
il clhiatch lisses, although determining the iden-
tides of nese predators From egeshell remains is
ciiflcult (Lacivieére and Moessier 1997, Lariviéoe
1999, McLandress et al. {19%) suggested thai
strbpeed skunks were s omdor predaiors of dick
nests in the Suisun Marsh, Acditionally, using
ieiiiole chimeiis wil II'.|'||.‘1-.-||I||I1:"||. i Kt
(2026} founed thar serped skunks were the most
wiethve prodators within the nesting fielils durng
e 2008 breeding season. Striged skunks adien
Become sstimied  alier eating an averge-sioed
duck cluteh {Narms 1997, and I|1.'|:|_I||-|:||.IJ:, i new
Tinkaki waking an eofine chaich [ Lariviére and
Messher 1987, Greenwood el o), 19906, Lariviére
and Messier (1997) found that striped skunks
commsained onily 34 & 13 e froon waturd pnesis

and 3.7 & 17 epas from shinulivted nests duriing
the initdal depredadon event. In our stuely, parial
wcliih depredstion resuliand by egp losses of shink
lar magninede (abour 3 cggs per nest; Table 1),
suggesting that serdped skunks were a principle
ciuse of partal clunch loss,

Chilier ©oriinii |l|n'1|li:l||t anl dliick viesis i ike
Sulsun Marsh incluee covotes (Cands fatrait), rac
conng { Pecyon fefer], gopher snokes [ Pbunfhic
meelrpmeodeaciind, ool coammon ravens e e

I T Ackermman, unpublished datay. Large gopher

anmkes are especinlly common and have becn
seen within duck nests, prnnl.ma.'hIT tn CoRTEERNIN e
egiin (] T Ackerinin, paersoial obiservitbon ). We
suspeet that gopher snakes and ravens wers
reapursihle Tor wsme of the partial clucch daepres
dations resultng in missing eggs and  arger
remaining  cluteh sives, although  munsmalian
predators or lemales removing eggshells alsoe may
live lween responnsihle ([ Larviere and Walion
1908, Larbvidre 1990, Soedbes wshog bafraresd
viclen cansera systems deploved at nest sites (e.g.,
Piees anel Grandors 20000 could provide mone
detibed information on predator behavior at the
peat site wocd help determbng why clutcles often
are Pa.rtialig.' :l-l.'Frrr.'rl.:I:'d.

MANAGEMENT IMPLICATICNS

Potential imansgenient stmbcgies [oF partkal
cluiel dl:'JJn:rJul.il:m will ih'lwn.-rl v undlersian-
ing the predmor community invaelyed, the belae
| prml.\l!un wtb il nest sie, and liow lermales
dewide to sty with or abandon s partially reduced
ihely, Prodators and predator belaviors . thii
unly parially consume a cluich may not influ-
enee duckling production i e sieme extent s
predators and behaviors thay complenely desoroy
a nest, wne, therelore, may worrand less guanage-
ment attention, In additdon, development of
technbques that coubd regluce the mamber of egss
et teken froan nests could increase nesy suc-
cess hecouse females ollen will stay with neses [ol-
loawing, small cluiel losses  (Armstrong o
Roberison 1988, Ackerman et al. 2003), For cxam-
e, wntlailing, pavebators wiil sugeplemenial (Crile
tree and Wolfe 1988, Cresnwood cal, 19985 or
altermme prey (Acekerman 200201 might reeies
ihe number of eggs being consumcd during a
depiedaiion evens,

Understanding pardal clueh depredanion also
mav be el when coasbdietng the oosis wne
benefhs of predswr conirol, Several of the spe-
cles that pardally depredate clutches may be the
leasd Nikely g0 be reduced by preilaiorcaninol



LR

atrategles. For example, predar remevad and
exclosures (e fences, nesting Blands) ppically
trgel large terrestrinl mansialian species,
whiereas other impomant dock nest predators
suic In ms by, snakes, wod modenis odien ae able
b access neats inslde management areas { Loke
pven et al, 1983, Choremanski-MNorrss e ol, 19289,
Grecnwood cral. 1990), Aliliough nesting densic
tien andd nest siiceess may increase within preda:
LOr-MANEGERenL areas, egg success oflen ks ol
reporied (e, Cireenvesod 1986, Greciwood o
al. 19490, Savgeant en al, 1993, Ganetson aned
Rasbiwer 20003, ancd the hatching clatch slae may
Bt sllben dlue g parthad cluteh depredations by
nontargeted egy predators (e, Lokemoen ef al,
19H2), Hence, the benell ol these mansgmesil
strategies may nol be as greal as previoosly
thomighin, Ch e ailier e, somme nvanagers ec
that preddainr-conirol ellons are nol worthwhile
heciuse of compensatory nest depredation by
nantargeted predir speckes, However, il iheso
mantargetied pr{'rhl:-nn -r||.~'|lrr.r.|al.-|‘. clutches pir-
1I.|1i|:|- rather s 1.'1:||:||||‘I||.-|.'I|.'1!.'. TSl |.||‘-t'|!|..i|:|.1l' Oinfie
irol still may e worthwhile because o substantial
muinbier aof e klags are producee froan pariislky
depreduied nests, Examining the contribution of
parthally depredioted nests v duckling produe
Lo may allows MEANEers 10 eore J1|.'||J!|' avaluate
pracdaioramnnagement albermatives,

We recammendd Lhal an estnsate ol ey success,
i acldithon o nest success, be incorporated o
||l'-|'.l|.||.lll:"|:|. AR RS rJ.uL'LII.nH_ |r|1:|1]||:|.'ll|.|llu. LILIHT]
resiles indicaie that failure o doo so o may Gavse
rninagers o overestinate mallaed duckling pro-
dibction by 105, Future research also should eval-
i e previdence ol paridal el depredation
in other imporant waterfow! procduction ares,

ACKNOWLEDGMENTS

e peseaich wad Diocled by il Califormin
Warerfowl dAssocinion, Delm Waterfownd Foumdo-
ton, Dennds G, Raveling Endowanent, and a Lini
verslity of Californka-Davis Jastro-Shields Scholar-
ship [ T Ackermian was supported by s University
al  Califsania-Davis Ecology Graduiie LETRTITH]
Block Crane, the Dennis G Raveling Endow-
penl, i Dennds G Raseling Scholarship, and a
Srockron Sporsmen's Club Scholarship. We
think A, Blackemes, 1, Cross, |, Disalvo, C, Hafloer,
L. Kanemoto, 8, Kenady, B, Kurth, K Lamb, and
E, Matehens o leld assiscance, and A Blackmer,
I* Garrensoin, [k Van Yiren, and an andonynsous
referee for elpful comments on earlicr drafis of
i manisceips. We also thaosk the Calilarmia

TARETRAL 2 UTTC ] DRI LAA O AR DRI PR TN ¢ Al of il | Wl Manage, 670 2008

Dhepanrimgni ol Flal amnal Game sadl ai ihe Grizely
Il Wildllide: Area for logistieal sappaor,

LITERATURE CITED

Acraadas, |1 D Ol milce amil mallands: peasitive
bidiresen elecis ol coexisdng priy on wateriow] nesl
wardras ks S5 EfE-ARD,

e, IR, Ko Anadividisals s popibielon: die
direcy and indirect elfects of precition v water fowl
e sgicoess. [Mssertation, Unsemity of Californis
Irawin, Dhavis, Calilmiba, LSA,

.J. M, Exme, £, 8. Yaimis, Ik L. LOUGHMAN, AND
SEOHL MO aseess, 20, Cypes Tor bivestnmeni nest
ileserilan ln response 1o partial chuvch depredalon i
ilabilsling clischa. Amimal PBehaviowr in press,

Avros, A LY, amn B L. Paniios, |92, lnealslon aned
ool care. Pages 62< 108 o 5, 11 ]. Baar, A D Ao,
M. 03 Amderson, O [ Ankney, [ H Jolhnson, A
kacllee, amd G 1. Krapar, editons ]:E'l'lll:ﬂ'l- aiwl man:
agement of hreeding waberfow]. University of Min-
weamin Pres, Minnsapolls, Minnesoi, USA.

Amsewrniiba, L, aMp B ] Hokeisos, (998, Pasenial
iveatment based on chuech value: mest deseriion in
PR ||-||-I|I|,|i:h|ul| Boss In dabdiling ducks, Ani-
el Behlaloir 600 =543,

Borma, 5. M. 1974, Frodaor—prey relationships on an
lonssi waberfived mesting area, Tramascions of the
Morth Amerncan Wikilile and Mamiral Besoarces Con-
lerence 39311-110,

LAl T B |'.J casie a W, Comswrni. 1978, Tncolssilon
hathaior anad wempeeaniees of the malland duck. Auk
43 =T1,

CHONTE, |, 5 1967, Factors [nflsencing nesting succiss
of giders in Penolscon Bay, Maipe, Joarnal of Wildlife
Mlanagrmmein 11760977,

CApRMANERENOER, |, E K Pwremai, asp & B
SakaianT, 1983, Movemenis and hahbia use o
Franklin's grsiml squisrels in duck-nesig halaiiag,
Jumarmal of Wildlife Mansgemin 33324-351.

Gl B G, axin T, T Monps, 1991, Habilag patch siee
sl dhie K mest s cess! e crscal experinens hae nol
becn perfonmed. Wililile Socicry Bulledn 19834543,

Conwaiias, 1o M., [ S, CHLMER, Ak B3, W, S)ianie
19RE. Mallard recrsivmens fin the agrioaliemal eovie
romment of North Dakeia, Wildlike .‘-1r-|w1:.rapl1l @

CHABTREE. I, Lo, asn b L. Woers, 198K, Elfec ol alier-
native prey on skunk predation of waterfowl nesis.
Wikl Soaclety Budlen V6 163=16%,

Eisimianiik, I 1, asm O, M, Kespowens, 1977, Ecology of
the emperor goose in Aluaka, Wildlifc Mon 5 5T

Civmiirisos, 15 R, ani F G Rosossn, 2001, KHecis of
mamursalian predatos renvwal om producden of up.
land-nesting ducks in Marth Dakow, Journal of Wild.
Il Samagesmenn (5 16405

Circarmsey, M. L, K G Class, A [, Ao, aso G [ HUe.
KR, "Thmirg of nest searches [or uplans asting waier
Fuad. Jonral af Wikdlife Managemen 87397401,

Ciwamn, [ B axm I L Fuisr, 1997, Prodisctyving of s
ing apeciachd elibers on the ower Rashunuk River,
Alaska, Comdor $UU2-011,

Gapesmoo, B |0 1986, Influence of sriped akimnk
vertmiwad ooy upland distk st sicoess (n Mareh Dakis
. Wildlde Society Bulleiin 14:6-] 1.

ML Amseas, asnp B G MoGoier. T9H), P

tecting ek mests fromn mammalion predasos wish




1. Wildl, Manage. 712003 FARTIAL TS TOH TTEPRETATTOM AN DYUCKLING PRODUCTION ¢ Ao of ol

fences, leaps, and a woxicant. Wiklhife Secieny Fulledn

1R 74=H1

00, G METRUEEEWSEL AN R, D, O iR |96,

Elfecis ol [l supplomentation on :l-,-|u'¢:~r|nr|m| il

iliiw ks eais i apanal Baldiar, Wikllsle Saciery Bulletin

2021923

e b Sagnean, T HL Jodssos, 1. M, ComiRins,
arpe T L, Sl ren. 198, Fad tars asson lateel with duck
nest sucess bn the praine pothole segion of Casla.
Wilillige Maomgasis 115

y | L P, B A Bunn, s B A, Hak-
sl 199, Foedls and fomging of peairic I:|:ripml
kb clurlag alae mvian mestlig seas, Wildlie Sock
eiy Bullcin ITREL-H1Z,

Flagi, M. B, 19T Kestig sierciess in mallanids afier par-
pial cluineh Diess by s, Jouimal of Wilillite Man:
Agemenl LY PR RN R

s, [, 0 197 Esslmianing nest suogess: (b Al
ficld mmetlsid and am alternative, Aok Se6d =dal

[ Micamm s, amie M T Soawagne, 1992, Pop

ilaibien dynanslos of breeding watoelow], Pages

0405 an B 1k | Ban, Al D, Ay, M. GG Aniderson,

O Ankney, 1 H. pohinsen, [, A Raslle, and G, 1.

kit il Paology and managemeni of il

ing waterfowl. University o Minnesar Press. Mine

meapalia, Minneson, USA,

b I Sakciant, asn ) Ceienueoons, 1959,
Impuertansie of Individual specis of predson an
miesiing s ess al i ks b ke Canaclian s wnid
Pothale Begion, Canadian Journal of Loalogy
GT-291-14T.

Koars, A T, M F Doimsent, G, 4 Faasis, asn B F e
cipes, 1986, Technigues for sislying nest sicoess ol
elocks im wipland habidnis in e Praice Polele
Raspglons. U8, Plsh anal Wikidlife Servdos Besonnoe Puily
licatsmn 138,

LT L. S, asii 15 D1 Jonissdoy, [UE. Dk
il saiccess i the Prabrie Poabode Region, Joumml of
Wildlile Managemeni 51431440,

Lanviine, 5 199, Reasing wly preilbasias connoet be
Inferred fron mest remaing, Condor 1017 18=T21

axn FoMissicr. 1997, Charmoterisiicos of waser
B et dlepaeadanion by dlse siipsed akuk, Aloidin
mepibitis. can predators be idennified from nesi
seimativad Arierican Sidlamd Natrabia 117 W04,

e AN 1 B Waktiow, 199K, Eggahied] removal by
duck hens following panial nest depredotion by

EK7

siripel shunk. Prainie Naumls 30185183,

Laweispars, | T 0 A D, 0, K, Sipasw, axis ], B Wews
iLE 12, Eleciric ences e pedi e nuanuiadiag pre
dafion of waterfowl neses, Wildlile Socler Bulletin
|tk B=111

,amms R Ch Woonwaai, 19935, An aesessmendt ol
predatar Warmicrs and pueslabor contrel @0 cnhane
clisel, persi suicress o pendivibas. Wildlsfe Soclen b
betin T1:275-282.

Mowrinin, FLOF, 1860, Mesi ssicess cabolated from
expaatee, Wilson Bullein 712334201,

L1975, Sppgestions for caloubsing nesn Siecess,
Wibasm Pailleibn 87 4 50=460,

hicKimaw, 1 T, awn 0, C Thoscas, 19940, Efecivenie
of demse nesting cover Tor ncreasing duck produe.
i b Saskaiclsewan, Joamial of Wildlife Manage
meni f3;3H3-185%

Ml aniuess, M, 1, G % Varkis, A E H. Posrss, O,
Caasppiey, asn O, G Baweims, 1%, Meaing blology
al Cakifornia mallards. Journal of Wildlife Manage
auie bl k= T

B, W, 0, 1997 Denshiy-deperbont predialon by skunks
usimpg ollactory search Images, Creenlgia 11040445,

I"rrr;r.E' [ it B3, A iy, 2000, [dentllylng prede
fwors sl fares af grasslaml passerine mests using
miniature vides camerns. Joamal of Wildlide Man.
agmonl 47 =K,

SARGEANT. A B axn [0 GG Baeuse 19 Moraditg
dhiiriing tlia Trweelinngg wesan, Pages 396=421 i 1, 0, ]
P, A e Advania, B, G, Arlerson, O 13, Ankaey, 1L
Johnaon, [ A Kadlee, il G, L R, editore. Eral-
oy el managemeny of eesding walerinsd, Univre
sity af Mismesiota Press, Minneapaolis, Minnesiea, SA

ML A Sowana, asn T L SaaFres, 1995, heason-
al prealaiie removil selaibe Wl b e ol disk
nests in walerimad production aress, Wildide Sockety
Bsllerin 23:500=31.}.

Gopana, M, A, A B, Ruoiaw, awn | W, Geinie 1593,
Diflerenial effecis of coyotes amid feed foxes an duck
pest sucees, fosaal of Wikillile Managemeni 3901=9,

WELLER, MWL 1956, A simpde fielod candler for water (o
e ol of Wikilife Management 20:111-115

fevedved 31 finusry 200
Aot § Apord 20510
Avsocimte Enfibor: Wkits, fo



