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Abstract
$'c investigaled the breeding ecology rnd diet of Caspirn tems on the Columbia Pla(eau in soulhcaslcm washington and norlh
caslcm Oregon. we exan1ined trends in colon) size and rrea durhg 1996 2001. and estimuGd nunber ol brccdiig pain. ncsling
dcn\it]. fledging success. and diet composirion ar selected colon) sites in 2000 and 2001. \t ibund si), rcfl colonics lotaling
- 1.000 breeding pairs. ranging in size fronl < 50 to nearly 700 pairs. Predalion by mink causcd complclc abando.mcn! ol onc ol
these colonies in 2000 and 2001 The relocation of -9.000 Cuspian tcm brccding pairs iiom Ricc lsland to East Sand ldand in
rhe Columbia RiIer estuarr did not resull in an ob!ious incrca\c in thc number of lem breeding pairs on the Columbia Plateau
during the stud)- period. The l1liiorir] of Caspian tcr. prc! ilerns at colonies on the mid-Columbia Rilef consi\ted of.iuvenile
salmonid\. At a colon] in Polholes Rescr!oir. \\'ashington. Caspian rcrns commuted over 100 km found-trip to the Cohmbia
River to fbrage on juvenile salmonids. suggesling lhat locall) abundant food ma,v be limiring. High nesting densities at othef
mid-Columbir  Rnef colonies suggesr that  a!a i labi l i t , , -  ofbrccding habi tat  may l imi t  colon) s i7e.  The smal l  s ize ofCaspian iern
colonies on the Columbia Plateau. and possible consraints on a!ailabilj!y ofsuitablc ncsting habitar within the stud,v area. suggest
that the level ofpfedation on ESAlisted ju\ enile salmonids in $is rcgion will likcly rcmajn rell belo\| that currentl! observed
in the ColLrmbia River estuarv.

lntroduction

The history ofCaspian tem (Sllzd .alpi.r) brced-
ing colonies on the Columbia Plateau in south-
eastern Washington and northeastern Orcgon
demonslrales their dynamic nature. The first
nesting record fbr Caspian terns in this region
was in 1929, when a single nest was found on an
island in Moses Lakc. Grant County, Washington
(Kitchin 1930).In 1932, a colony of -50 pairs was
found on an island in the nrid-Columbia River in
Benton County, Washington (Decker and Bowles
1932). The Moses Lake colony disappeiired in
the mid-1950s, and was subsequently rcplaced
by a colony in Potboles Reservoir. washington,
atler the reservoir was created in the late 1950s
(Penland 1982). Caspian terns nesting in Potholes
Reservoir have fluctuated in number and changed
nesting sites several times (Penland 1982); in 1997
three colonies existed on three islands totaling 259
brccding pairs (Finger and Tabor 1997). Five pairs
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ofCaspian terns nested on Cabin Island in the mid-
Columbia River in I 975, j ust abovc Pricsl Rapids
Dam (Penland 1982). Thompson and Tabor (1981)
thoroughly survcyed thc Columbia Ri!er between
Priest Rapids, Washington and Poftland. Oregon in
1977 and 1978, and while no Caspian tern colony
was found on Cabin Jsland, a colony of-200 pairs
was discovered on Three Mile Canyon lsland, near
Boardman, Oregon. Crcscent Island. located in the
Columbia River near Wallula, Washington, was
created in Iq85 from dredge-spoil r\ !r ne.ting
site for waterfowl, and was soon alter colonized
by Caspian terns (Ackernran 199,1). Two small
Caspian tern colonies (-20 pairs) in Banks Lakc.
Grant County, Washington. and Sprague Lake,
Adams County, Washington. were first repofied
in 1997 (Shutbrd and Craig 2002).

In the Columbia River estuary. Caspian tem
nesting was flrst documented in 1984, and b1
1998. nearly 9,000 Caspian tern pairs were breed-
ing in a single colony on Ricc lsland (Roby ct al.
2002). This colony was of concern to fisheries
managers because Caspian terns nesting on Rice
Island consumed an estimated 13Sc (9.1-15.1
milJion) of juvenile sllmonids (Oncorlt l-nchus
spp.) that reached the estuary during thc 1998
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migration ycar (Roby et al. 2003). including those
iisted as Threstened or Endangered undcr the
U.S. Endangered Species Acr (National Marinc
Fishedes Scn.ice 1995). In an attempt to reduce
thc impact of C:ispian tem predation on l isted
iulcnile salmonids. terns were rclocated 26 knt
down-r' iver fron Rice Islald to a previously used
breecling site onEasl SandIsland during 1999 2001
(Unitcd States Amry Corps ol Engineers 1999).
Terns rverc expected 1() consune fewcr salmo
nids at this sitc because of a greater availabil itv
of narine lbrage lishcs (Roby et al. 2002). One
concem in implemenling this nanagcment plan
u'as the possibil i ty that displacing tems fiom the
Rice Island colony would cause tems 1o disperse
to up dver colonies. u,herc impacts on survival of
juvenile salmonids might be the si: ime or grcater
(Co l l i s  e t  a l .2002) .

To addrcss concens about changes in the num
ber and size of up-river tem colonies following
tcrn nlanagerrcnt rn the estuiiry. we investigated
thc status. size. and breeding cculogy of Caspian
tern colooies on thc rnid Columbia River during
199G21)01. In addition, we nade dctailed obser-
vations of Caspiao tem diet rt these colonies to
gauge the magnitucle oftem prcdation onjuvcnile
salmonids. The tem colonies at Crcscent and Thrcc
Mile Canvon islands were of particular interesl
because clata collected in 1997 and 1991i suggested
that terns ncsting on islands in the nid-Columbia
River foragccl primarily on juvenile salmonids
(Coll is et aI.2002). We iniriared collection of
diet data at the Solslice Island colony in 2001
because we found direct evidcnce during thc 2000
breeding season that tems ncsting at this silc \!ere
commuting long distances to the Columbia River
to fbrage onjuvcnile salmonids (see Discussion).
Dict data can bc used to estimate total salmonid
consumption by tems, and help inlorm decisions
on mruragemcnt oltems al these colonies by state.
fedcral. and tribal resource manilgers.

Our objecti.res in this study were (l) to identi ly
factors limiting thc number. size. and productivity
of Caspian tem colonies in the Columbia Plateau
region. (2) to determine if displaccment of the
Caspian tern colony on Rice Island rcsulted in
iner t l .eJ  u rnber ' .  i ' t  Ca.p i i ln  tcn l \  ne . l ino  a l
colonics in southeaslcm Washington and nofih-
e i l \ l<m Ofcp i ,n .  Jnd  r3 ) toe \ t i l l |d le  lhe  f \ r l ' ' pun ion
, ' l  iu renr lc . r lmon ids  rn  rhe  J ie r  o lC l rp i , rn  re rn .
rc . l i Ig  r l  In iJ -C, ) lun tb i l  R i re r  co lon ics .

30,1 Antolos. Robv, and Coll is

Study Area

This study was conducted at Caspian tem colonies
located on the Columbia Plateau in Washington
and Oregon (Figurc 1). HistoricaJ and suspected
Crspiin tem nesting sites were checked throughout
the study arca in 2000 and 2001. and sporadically
during 1996- 1999. Research was fbcused on colo-
nies at Crescent Island. Three Mile Canyon Island,
and Solstice Island. with l imitcd investigalions at
Goose Island, Harper lsland. and Miller Rocks
(Figure 1): these were the only active tem colonies
found during thc study period (see Shufirrd and
Craig 2002 1br site chiiractedsrics).

Crescent Island is a 3.2 ha dredge-spoil island
located on thc Columbia River within the McNary
Dam impoundment. During the srudy period. Cali-
l , r rn i i l  "u11 '  rLanr t  ,  t l i f r , rn i ,  u t t  Ca.p i ln  te r l ' .
and dng-bilfed gulls (.L. deluv,urensis). (in ord.er
of decreasing abundance) nested in the sparsely
vegetated areas of thc island. Nesting California
gulls nearly surrounded the Caspian tcrn colony
on thc northeastem side of the island.

Three Mile Canvon Island is 7.2 ha and is
locatcd in the John Day Dam impoundmcnt of
the Columbia River. Calif irrnia and ring-bil led
gulls ncsted in large numbers throughont thc is-
land. The Caspian tem colony was located on the
northeastem end ofthe island. in a sandv clearing.
where a small numbcr of Califomia gulls ncsted
on the edge of the tern colony.

Solstice Island is a 1.6 ha sand dune island
located at the nonh end of Potholes Rcservoir.
The Caspian tern colony was located on thc
eastern edge of the island, partially bordering a
mrxed colony ofCalifornia and ring-bil led gulls.
While Caspian terns have been recorded nesting
at other islands in the Potholes Reservoir in the
p st (Penland i982, Finger and Tabor 1997), rhc
hrst year that Caspian terns werc recorded nest-
ing at this particular site was during rhe 2000
breeding season.

Goose Island is -0.2 ha and is located in Banks
Lake. Washington. It is the norlhemmost of a small
group of basalt rock islands at the south cnd of
the lake. Caspian terns nested among Califomia
and ing-bil led gulls on the southern portion of
thc island.

Harper Island. in Sprague Lake. Washington.
is a l3 ha basalt rock island. Califomia and dng-
bil led gulls nested in large numbers on rhis island
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Figure L Locations ofknown Caspian lcmcolonies in $e ColunbirPlateau region ofsoutheastern Washington andnortheastefn
Oregon duri ng 2000 200 | . Caspian tcm colonies loc.rted in the Colu mbia Riler estuarv durj n g lhc sludy pcriod are also

and bordered the Caspian tem colony, located on
the nofhwestern cdgc of the island.

Miller Rocks, a cluster of basalt rock islets,
is located in the rcscrvoir tbrmed by The Dalles
Dam in the Columbia River. east of Miller lsland.
Washington. Caspian terns nested among Califor
nia and ring-bil led gulls on the westernmost of
the two main islets. which has an area of -0.,1 ha.
The lirst rccord ofCaspian tern nesting on Miller
Rocks was in 2001 (David P Craig, Willamette
University, personal communication).

Methods

Co ony S ze

Colony sizes were estimated using several meth-
ods. Aerial photographs were taken with a high
rcsolution ( I : I200). large format camera (Zeiss
RMK Top 300) at Crescent lsland and Three
Mile Canyon Island during 1996-2001, and at
Solstice Island in 2001. Photographs were timed
roco inc ide  u  i th  la re  incubr r ion ,  whcn mar imum

colony attendance was assumed (Bullock and
Gomersal 1981, Gaston and Smith 198,1). Direct
counts oftotal numbers ofCaspian tems and gulls
wcre made fiom these photographs by the Survcy,
Mapping, and Photogrammetry Department of
the Bonneville Power Adminisfation, Poftland.
Oregon (see Collis et al. 2002 tbr details). Gulls
could not be identificd to species fiom the aerial
photos. These data were then used to assess tends
in colony size across years fbr terns and gulls at
Crescent and Three Mile Canyon isJands. We also
used these data to compare the combined number
of terns counted on Crescent and Three Milc
Canyon islands before (1996 l998) and during
(1999-2001) tern management in thc Colurnbia
River estuary. This analysis was limited to these
two colonies because they were thc only sites
uhere  count  da ta  were  ara i l lb le  fo r  . i ' .  )e r r . .
Estimates oftem colony size at Solstice lsland in
2000, Miller Rocks in 2001. and Goose and Haryer
islands in 2000 and 2001 were based on glound
counts from a vantage outside the colony.
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On Crescent, Threc Mile Canyon. and Sol-
stice islands. $/e converted aerial photo counts
to estimate the number of tem breeding pairs at
these colonies. We used the ratio of the number
of incubating tems to the total number ofterns in
sampled areas of the colony to cstimate the total
number of incubating birds from the aerial photo
counts. These ntios were determined on the day
of aerial photography by counting birds in 5 m
x 5 m plots liom obseNation blinds at Crescent
Island ( l6 plots in 2000 and 2001) and at Three
Mile Canyon Island (5 plots in 2000). Because
we did not havc an observation blind or sample
plots on the colony at Solstice Island. we used
an average of the ratios of incubating/total birds
collected at the othcr two colonies to convert the
aerial photo count at Solstice Island in 2001 to
the numbcr of breeding pairs. We assumed all
other colonies in our study area were less than 50
breeding pairs. due to the small numbers counted
Iate in the season (Table 1).

Nes t  jng  Dens i ty

The nesting density of Caspian tems was deter
mined for colonies and years fbr which acrial
photographs *,crc taken and estimates of breed-
ing pairs rvere made. The estimatc of breeding
pairs was divided by area ofthe colony, as deter-
mined from aerial photographs using Plus3 Ter-
raModel software (Trimble Navigation Limited,
Sunnyvalc, Califomia). Colony areas from aerial
photography u,ere also used to cxamine trends
in tcrn colony area. and thus nesting habitat. at

Crescent and Three Milc Canyon islands between
1996 and 2001.

F  edg ng  Success

Ne. t ing  rueee. .  \  u .  Je le rmined h1  c , run l ;ng
the total number of chicks in thc colony 1 week
prior to the rnedirn l ledge date (-1 wk afler the
first chick fledged) and dividing by the estimated
number of breeding pairs. We assumed that at
this stage of the fledging period the number of
young that had already flcdgcd and leli the colony
*,ould approximate the numberof chicks counted
on-colony that would not suNive to fledge (Roby
ct al. 2002, Roby et al. 2003). Because Solstice
lsland was checked inftequently. \\"e assumed that
bleeding chronology at this site was the s me as
at Crescent Island, where we madc rcgular visits.
in ordcr to calculate the number of fledglings
produced at this colony.

Diet Cornposit on

Percent composition of prey items was determined
for Caspian terns nesting at CresceDt. Three Mile
Canyon, and Solstice islands. Prey items were
assigned to the lowest distinguishable taxa by
visually identifying bil l  loads of adult tems (fish
held crosswise in thc bil l) (Coll is et al. 2002). We
assumed that prey itcms brought back to the colony
by breeding adults represented the overall diet of
Caspian tems. This assumption was supported by
obsen'ations in the Columbia River estuary that
prey composition in gut contcnts did not dif ltr

TABLE L Tolal numbers ofCaspian tems and Calilbrnia and dng billcd gulls countcd on islands in the Columbia Plateau fegion
ol soulhcasr Washington aDd northeast Oregon. Unless noled other$isc. thcsc numbers $cre deleflniDed from aerial
phobgraphy takcn during late incubation. ND = no data.

1996 t991 1998 t999 2000 2001

Caspian Ierns

Crcrccnl  ldand

Three Mile Canyon Inand

Solslice Island

Coose ls land

Hafper Island

\{ i l lcr  Rocks

California and ring billed gulls

Cre\cent Island

Thrcc l{ilc Can,von lslaDd

Solst ice Is land

31',7
:136

ND
ND
NI)
u

3.33,1
8.828
ND

9,11
526
ND
ND
ND

5,16
13 .305

NI)

636
3,t9
ND
\L)
\D
0

.1.597

11 .102
ND

611
'l  l8
Nl)
ND
ND
NI)

,t.929

9 . l lE
ND

870
,ll I
r 99
301
32
ND

1.262
9.573
ND

90:1

I

368

29r

l l '

l 3 b

2.690

8 , 8 3 6

1.297

Determined f ion ground counts on:  r20 Junc. :29 June, r27 June. r8 July. i2 Jul f ,617 June:32 adul ts $ere counled on 7 Junc
(David P Craig. Willanette University. personal comnrunication).
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significantly from prcy composition ofbill loads
(Coll is ct al. 2002).

Observations were made at the colony from
blinds or fiom a boat on the water at distances of
l0-,10 m. We identilied bctween 100 and 200 tem
bill loads erch week at Crescent Island in 2000
and 2001, whilc at Three Mile Canyon lsland in
2000 and Solstice tsland in 2001 between 250
and 350 bill loads were identilied over the entire
breeding season. Overall diet conposition was
c . r l cu l r ted  fo r  eu , .h  r .o lon l  Scar  b5  l rc rug ing
thc weekly percentages of cach prey type. This
method was used to avoid a bias toward weeks
with high sample sizcs; sample sizes varied among
$,eeks due to seasonal f lucluations in the number
of terns on-colony and hence the numbcr of prey
items brought into the colony.

Whcnever possible, diet data front the entire
breeding season (AprilJatc July) werc used for
comparisons. At the Three Mile Canyon Island
colony, diet data wcre collected from the begin-
ning of May unti l mid-June, when Caspian tems
abandoned the site. In order to comparc diet data
tiorn Three Mile Canyon Island to other colonies,
we restricted our analysis of diet data from other
colonies to similaLr pedods.

Statist ca Analys s

We used simple l inear regression to examine
trends in the number ofterns and gulls nesting at
Crescent and Three Mile Canyon islands, as well
as tlends in tem colony area. oveltime. We used a
nonparametric Wilcoxon rank-sum test to comp e
numbers ofCresccnt and Three Mile Canyon tems
befbre ( J996- 1998) and during ( 1999-2001) tem
managerncnt in the Columbia River estuary. We
tested for differences in diet conposition using
Chi-square tests for independencc. All P-values

are two tailed, and the level of significance was
s e t a t P = 0 . 0 5 .

Results

Colony Size and Area

We found six tern colonies ranging in size fron
< 50 to nearly 700 brecding pairs. totaling ap-
proxinately 1.000 pairs (Table 1.2). We calculated
a ratio of incubating/total terns of 0.63 t 0.01
(Mean t SE) for Crescent Island in 2000. 0.73
t 0.01 tbr Crescent Island in 2001.0.64 t 0.001
tbr Three Mile Canyon Island in 2000. Crescent
Island was the largest known Caspian tem colony
in the study area, lbllowed by Three Mile Canyon
and Solstice islands, with smaller numbcrs nest-
ing at Goose Island. Harper lsland. and Miller
Rocks (Table 1).

There wils no signilicant trcnd in the size of
the Crescent lsland tern colony betwcen 1996
and 2001, although the number of tems rangcd
between 347 and 941 adults (Table 1). At Three
Mile Canyon Island, there was no signillcant trend
in the size of the tem colony between 1996 and
the initial stages ofthe 2000 breeding season, but
b1  ear l l  eh ic l - re i r r ing  in  2000.  r l l ( r .p iun  re rn .
nesting on Three Mile Canyon Island had aban-
doned this site (Table l). In addition. there was
no significant difference between thc combined
number of tems counted on Crescent and Thrce
Mile Canyon islands in the period before ( 1 .078 t
203) (Mean t SE) and during ( 1,100 t I 1,1) tem
management in the Columbia River estuary.

There was no significant trend in the number
of gulls nesting on Crcscent lsland, or Three Mile
Canyon lsland between 1996 and 2001 (Table
1). There was an increase in tern colony area on
Crescent Island of I 50 m: (28.5 7c) between 1996

TABLE l. \-uinbcr ofbrcedirg pairs, nesting density, and ncdging success of Ca\pian lems at colonies ir the Columbia Plalcau
region and thc Columbia River estuary.

Colur))biJ Plrtc,ru Columbia Ri \er  estuarv
Thrcc llile Solstice

Cre . e r' T xnd C-n!n lrl*!l! Lla rd
2000 20r-Jl 2000 2001 2001

Ricc lsland East Sand lslandr
1999 2000 2001 1999 2000 2001

Brcedi.g pair!

)\lcsling dcnsit\'
iparrs/n )

Fledging success
(fiedglingVpairl

5,18 657

0.87 0.91

0.62 1.00

8,t00 590

0.78 0.25

0 .55  0 .15

550 8.500 8,900

0.26 0.62 0 57

1 t 0  0 5 7  t 1 0

2',75

0.95

2.18

0.11

0.88

t) 0

rFrom R' ,b)  et  . r l .  21r0l
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and 2001; howevel. there was not a significant
l inear increase over time (Figurc 2). The area
of the ten'r colony at Three Mile Canyon Island
dccrcased signil icantly between 1996 and 2000
(P = 0.02). betbre the rbandonment ofthc colony
in June of 2000 (Figure 2).

Figurc 2. Arca ( mr) of Caspian tern colon ie,i on Crescent and
Thrcc Milc Canyon islands during late incubation.
1996 t00 t .

Nest ing  Dens i ty

Densities of tern nests at colonies on Crescent
and Thlee Mile Canyon islands were similar,
and higher than tem nesting density at Solstice
Island (Table 2). Nest density increased (l L57c)
in association with an increase in colony size at
Crcscent Island from 2000-2001 (Table 2).

F  edg ing  Success

At Crescent Island, we estimated that 342 chicks
fledged in 2000 and 657 chicks fledged in 2001:
at Solstice Island. we estimated that 217 chicks
fledged in 2001. Overall fledging success was
therefirre 0.62 fledglings/nesting pair at Crescent
Island in 2000, 1.00 fledglings/nesting pair at Cres-
cent Island in 2001. and 0.88 fledglings/nesting
pair at Solstice Island in 2001 (Table 2). No young
tems were fledged from the Three Mile Canyon
lsland colony in either 2000 or 2001 likely due
to predation and disturbance by American mink
(Mustelaiso , see Discussion).

D le t  Compos i t ion

During thc sampling periods, salnonids compriscd
mostofthe diet ofCaspirn tems nesting atCrescent
and Three Mile Canyon islands. but not at Solstice
lslanJ r Table .l t. At Cre.cenl l\ lrnd- I he propuniun
of salmonids in the diet was signincantly greater
in 2001 compared to 2000 (P < 0.001) (Table 3).
Other prevalent prey items in the diet of Caspian
tems nesting on Crescent, Three Mile Canyon,
and Solstice islands were bass (Miclopl"r&.s spp.),
bluegill (Lepomis mecrochirLts), peamouth ( MJ'l
cheilus caurinus), yellow perch( Pert a.flt:escens),
and suckers (Caloslonns spp.) (Table 3). During
Mr1 th r , rugh mid-Junc .  Ca:p i rn  l c rn \  ne \ r ing  ! l
the Three Mile Canyon Island colony in 2000
had a higher proportion ofjuvenile sahnonids in
the diet (85.89o) compared to the Crescent lsland
colony in 2000 (74.9%) (P= 0.02) and the Solstice

TABLE l. Diet composilion (rLverage of weekl) percenhges ol idenlilied prcy ilcns in bill loads) of Caspian tcms nening ar
. .1^n i .  1 rhe Cnl . rmh:J Pl"re. , r  rcr ion.

Prey Tlpe

Crescent Island Three N{ile Canyon Island Solstice Island
(Ap!!LlaI!L (Mav to mid-Jtrnel

2000 2001 2000 200 |

rcr4€ni 3l.nd oTh€e Mire canyon sland

"E 5oo

6

Salmonid

Bass,  b luegi l l

Peamouih,  p ikeminnow. chiselmouth

Suckcr

Sculpin

Yclbw pcrc|

Catlish

Sandroller

Lanprcy

Unidentilied non salmonids

6l .4 ' / r

).2.2

0 .5

0.6

1 . 1

1 . 3

0.0

0.6

r 6 . l

68.trn

r . 6
10.0

2 .5

L,1

1 . 3

1 .2

0.8

0.6

2.5

85 .8%

5 .6

0.3

0.0

0.0

0.'1

0.0

0.u

0.0

1.9

26.9E

t6.5

1.0

0.0

0.0

9.9

0.0

0.0

0.0

21.1
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lsland colony in 2001 (32.8%) (P < 0.001), but
was not signilicantly dit'fbrent fiom the Crescent
lsland colony in 2001 (78.4%) (Tablc 3).

Discussion

One of the main objectives of this study was to
identify factors l imiting the nunber, size. and
productivity of Caspian tem colonies in the Co
lun.rbia Platcau region. Crescent and Thrcc Mile
Canyon islands had higher ncst densities than did
colonies in the Columbia River estuaN (Tablc
2). suggesting that these colonies may have been
constrained by thc availabil ity ofnesting habitat.
At Crescent Island, nesling clensity increased with
an incrcase in colony size from 2000 to 2001;
thus nest densities may vary in accordance with
availability of breeding habitat. The prcsence of
three small tem colonies on basalt rock islands
(Goose Island. Harper Island, and Miller Rocks).
which provide l itt le nesting substrate (i.e., sand)
for terns to dig nest scrapes. providcs further
evidence that suitable tern nesting habitat may
be limited within the srudy arca.

At Solstice Island, estimated nest dcnsity was
lower than that at Crcsccnt and Three Mile Can-
yon islands, and similar to that obsened at some
colonies in the Columbia Rivcr estuary (Roby et
aI.2002.) (Table 2). We suggesr rhal during the
study pedod, Caspian terns at this site were not
constrained by nesting habitat. but instead. by food
availabilitv. This is supponed by evidence rhat tems
nesting at Solstice Island regularly commuted over
100 km round-trip to the mid-Columbia River lo
lbragc on juvenile salmonids. Our discovery of
this evidence was prompted by the suggestion that
Caspian terns observed lbraging at mid-Columbia
Rivcr dilms in 2000 may have been ncsting > 50
km away in Potholcs Reservoir (Christopher W.
Thompson. Washington Department of Fish and
Wildlife. personal conmunication). While lbraging
trips in exccss of 60 krn have been recordcd tbr
Caspian tems (Soikkeli 1973,Gill 1976), average
lbraging distances are typically much smaller In
the Columbia River estuary, lbr example. radio-
tagged Caspian tems foraged on average 3 20 km
fron the colony site (Anderuon 2003).

During and immediatcly tir l lo*ing the 2000
hrced ing  .c rson.  ue  luund numerou\  p rs : i re
integrated transponder (PIT) t gs, radio tags.
and acoustic tags ftom juvenile salmonids on the
Solstice tsland tern colony. This provided direct

evidence that CrspjaD tems nesling in Potholes
Rescrvoir commuted > 100 km round-trip to the
mid-Columbia River to lorage on juvenile sal-
monids. These tags were l irst discovered during
banding of tem chicks on 7 July 2000 (55 PtT tags.
6 radio tags), and then after the breeding scason
(26 July 2000). when l.640 PIT tags,52 radio
tags, and 9 acoustic tags were collected as pan
ofa cooperative recovery effort with Lhc Douglas
County Public Util i t ies Distdct (Columbia Bird
Rescarch 2003a). All of the recovered tags \\,ere
contirmed to be flom flsh tagged and released in
the Columbia River Basin, pdmarily fronlocations
on the mid-Columbia River For example. 1 ,21 E
PIT tags were liom juvenile steelhead tagged as
pan of a sun'ival study at Wells Dam. Washington.
reprcsenting 2% ofall PlT-tagged smolts rcleased
in the study (Bioktbrd et al. 2001). In addition.
all tags rccovered in 2000 were fronr that same
salmonid migration year. suggcsting that Caspian
terns nesting in Potholes Reservoir colonizcd a
new site at Solstice Island in 2000.

Data on the composition ofCaspial tern diets
also demonstrated the impofiancc of juvenile
salmonids as a fbod source lor terns nesting at
Three Mile Canyon and Cresccnt islands. Juvenile
salmonids ane a locally abundant and reliable food
source for tems nesting in the mid-Columbia Rivcr,
as millions ofjuvenile hatchery fish are released
into the Columbia Rivcr basin each year (Fish
Passage Center 2001. 2002). Thus food ;ivail-
ability likcly did not limit the number ofCrspian
tems to init iate nests at Crescent or Three Mile
Canyon islands.

Other studies have suggested that gull encroach
ment on temnesting habitatcrn cause the decline or
abandonment oftem colonies (Crowell ind Crowell
l9:16, Morris and Hunter 1976. Smilh and Mudd
I 97E). While tem colony arca declined signifi cantly
at Three Mile Canyon Island during 1996-2000.
it is unlikely that the declinc was caused by gull
encroachment on available tem nesting habitat.
This is suppoted by thc fact that we did not find
an increase in the number of gulls at Thrce Mile
Canyon Island, and by the fact that the colony
was only partially bordered by nesting gulls; in
rddition. we found evidcnce that mink predation
was the ultimate causc of tern colony abandon-
ment in 2000 and 2001 (see below). At Crcscent
Island, we did not find a significant change in tem
colony aLrea. Thereforc. there is no evidencc that
gull nesting activities have rcduced the anount
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of nesting habitat available for Cresccnt Island
terns. However, the presencc of Jarge numbers of
nesting gulls on Crescent Island (Table 1) may be
relalcd to high tern nesting densitics at this site.
This is supported by thc observation that tem
ne\ l ing  dcn \ i l \  inereu .ed  u  i th  rn  inc r t  as , .  in  te rn
breeding pairs betwcen 2000 and 2001.

Factols affecling overall breeding success ap-
pcar to vary by colonv site. but were ofien related to
the presence ol ncst predators. The lowest fledging
succcss obsened was at Three Mile Canyon Island.
u'here the colony complctcly lailed likely due to
predation and disturbance bv nink. Wc observed
a mink in the colony during the night of 5 June
2000. which caused adult terns to abandon their
nests unti l sunrise. Young tem chicks otten cannot
survive exposulr to cold temperatures caused bv
pro longcd rh rn t l , ,nnren l  b )  adu l l s  tCurhhen rn i
Wircs i999). A combination of such predator
induced abandonment irnd predation on eggs and
chicks l ikely caused the total nesting tailurc in
2000 (scc Burness and Monis 1993). Additional
evidence of mink activity was lbund during the
2001 breeding seasor, when onl)' tr lo Caspian
tern nests ',1'ere known to have been initiated: the
contents were quickly depredated by Calitbrnia
gulls. Afier these init ial ncsting attempts, Cas
pian tems did not continue to nest on Three Mile
Canyon Island in 2001, presumably because of
mink activitv.

Higher fl edging success at Crcscent and Solstice
islands in 2001 (Tablc 2) may have been related
to lowcr nest predation rates. During this year
of study, we obselrcd only one instance of nest
predation at Crescent Island (Antolos 2003), and
no nest predation at Sdstice Island. Converscly.
the extremely low fledging success at Rice Island
in 2000 (Table 2) was associated with high nest
predation rates by glaucous-winged/westem gulls
lL. glaucestetts x L. occldentclls) nesting adjaccnt
to the Rice Island tem colony (Roby et al. 1998).
At tern colonics on the Columbia Plateau, ncst
predation is b"v the smallcr Califbrnia and ring
bil led gulls. which may explain thc observed
dilferences in nest predatien rates (Ryder 1993.
Winkler 1996).

Another main objective of our study was to
dctcrmine if management of Caspian terns in the
Columbia River cstuary caused immigration to
Columbia Plateau colorrics. Our study provided
no evidcnce that tem colonies in the mid-Co-
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lumbia River increased in size as a rcsult of the
displacement of tems from Rice Island during
1999 2001. During the period of tem nranage-
ment in the Columbia River estuarv, nearly 700
adult Caspian tems wcrc color-banded on Rice
and East Sand islands (Columbia Bird Research
2003a, 2003b). Only fbur of these color-banded
tems were resighted at ColumbiaPlateau colonies
(at Three Mile Canyon and Cresccnt islands) in
2000 and 2001. While this represents 0.67r of
the banded sample, only one of thesc terns was
obscrved actively breeding. Thus while tems from
the Columbia River estuary may have prospected
in this area during the period oftern management,
we did not find any evidence of substantial im,
migration into thc breeding population on the
Columbia Plateau.

The total number ofCaspian tenl brceding pairs
on the Columbia Plateau during the study period
remained nearly stable at -1,000 breeding pairs
at 4-6 colony sites. All colonies in the Columbia
Plateau region were <107c the size ofthe Columbia
Riverestuary breeding population during thc same
time pcriod (Roby et al. 2002: Table 2). While rhe
majority of Caspian tcms nesting at colonics on
the Columbia Plateau exploit juvenile salrnonids
as a lbod source, the apparent stability of this
sub population and its lelatively low numbels
will l ikely keep thc leve1 ofpredation onjuvenile
salmonids well below that currently observed in
the Columbia River estuary.
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