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ASPECTS OF THE BEHAVIOR OF THE FORSTER'S TERN {STERNA FORSTERI)

RESTING IN COLONIES ON COBBLESTONE ISLANDS IN SOUTHCENTRAL WASHINGTON
Abstract
by John Alan Hall, M.S.
Washingten State University
December 1985

Chatir: Richard E. Fitzner

Forster's Tern (Sterna forsteri) is typically a marsh nester, This

study obsarved aspects of its hehavior on cobblestone istands cn the
Hanford Reach of the Columbia River in southcentral Washington during
the 1985 breeding season. 3Several experiments involving substitution
trials at the nest site were performed to gain an understanding of
recognition behavior in this species. Resuylts from egg exchanges and
aiterations indicate a lack of 2g¢g recognition by adults. It is
hypothesized that parent-chick recognition ability should develop prior
to the onset of permanent brood mobility, which for this species
oocurred on the average at four days post-hatch. Limited chick
axperiments, however, allow only tenuous conclusions. Recognition by
visual means appears unlikely. Chick comportment and vocalizations may
be imporitant for the parent-chick recognition process. Spectrographic
aniiysis of the adult fish call indicates its potential for being a high
information capacity signature system. The call 15 hypothesized to
function as an individual identifier for an adult’s chicks and mate.
information is alsoc provided on additional adult calls and associated
pastures. C(ounts of active Forster's Tern nests indicate a declining

population size for this species on the Hanford Reach. The primary



causes are hypothesized to be expanding California Gull {Larus

californicus) and Ring-biiled Gull {Larus delawarensis) populations and

possible human disturbance DrESSUTRS.
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INTRODUCTION

Typical of many other Larids, the Forster's Tern {Sterna forsteri)

is 2z colonial nester. The proximity of nest sites to one another is
dependent upon territorial behavior, substrate, and availability of nest
sites. Though colonial nesting confers advantages of group protection
from predators and possible induced synchrony of breeding when
conditions are optimum, certain behavioral adjustments are reguired %o
snsure bresding success.

The modern view of Darwin's natural selection theory has been
reduced to the concept of “survival of the fittest gene.® The
impiications of this concept are that for an individual to realize its
maximum "fitness™ it must ensure that the highest percentage possible of
its genes are passed onto succeeding generations. For a pair of
bresding Forster's Terns this means production and survival of
offspring.

Natural selection favors those behavior patterns that aid in the
survival of a parent’s offspring. In Forster’s Tern, the raising of
semi-precocial young should confer some selective advantage for
survival. Forster's Tern young are capable of walking upon hatching but
stay within the nest area for the first few days., Though chicks leave
the nest site at an early stage, they are still quite dependent upon
their parents for food, protection, and social education, In the egy
stage, behavior patterns should ensure that the parents’ eggs are

incubated and protected, thus maximizing hatching success,



Quite often returns to the nest are made with the mate present.
Mate recognition could also play a role in ensuring the corract nest is
tended. A behavioral preveguisite then, imposed by colonial nesting,
would be parental recognition of its own nest site, mate, eggs, or
chicks. Failure to recognize these objects may result in a parent
aiding the survival of an egg or chick which does not increase its own
fitness, [%f may alise involve increased energy being spent in agonistic
gnoounters, Nesting on cobblestone islands in the Columbia River, where
ngst sites are often close, vegelation relatively sparse, and other
visual cues minimal, the use of a combination of cues as & means of
igentifying one's own nest site, sggs, or chicks may he neaded.
Additionally, the need fuor parsntal care of chicks once the nest site is
ieft, accompanied by the increased possibility of chicks from different
broods intermingling, requires that recognition ability be acquired
{gither by the parenits or by the chicks or both) prier to the chicks
iegaving the nest site.

Parental recognition of egys and young has been studied in several
species of the Laridas. Few studies, however, have been concerned with
2gg recognition. Buckley and Buckley {(Bu 72} concluded that adult Royal

Terns {Sterna maxima maxima) were capable of recognizing their own 2495,

put features of the nest site and adjacent adults may also have had a
significant effect on recognition. They also concluded that within a
few days of hatching, parenls recognized their own chicks {and
vice-yersa). Their chick results, however, were based on a small sample
stze {n=4}, Davies and Carrick {Da 62} had similar conclusions

concerning parent-chick recognition in the Crested Tern {Sierna bergii).




They did not, however, observe parental recognition of eggs, and only
suggested chick recognition of their parents, providing no experimental
gvidence. Chick recognition in these species appearsd to develop
quickly, occurring in the first day or two post-hatching. This is
consistant with the hypothesis of recegnition occurring Jjust prior io
when it 1s needed. In both of the above species, the chicks leave the
nest site within a few days to Join a creche or nursery group {Bu 72 and
Da 82). The presence of a creche makes individual recagnition a
necessity to enable parent terns to care for only their own affspring.
Mora intensive recognition studies have been performed with quils.

Mitier and EZmlen {Mi 75} found that parent Ring-billed Gulls {Larus

delawarensis) were able to recognize their own chicks after seven to

ning days post-hatching. They cbserved that chicks were mobile before
this time, but did not begin to leave the confines of the nest site
territory until day five. Prior to this recognition stage, there may be
ather features of the nest site gestalt that ensure a parent Ring-billed
Gull provides for its own chick {Co BD}.

Miller and Emlen excluded from their test sample, those broods that
began wandering away from the nest site ferritories around the fifth day
post-haiching. They recognized that by eliminating these broods
{seemingly advanced in recognition shility), they probably biased their
resutts.  Early brood mobility resulting in permanent movement away from
2 nast site was also reported by Evans {Ev 66). His findings indicated
permanent chick emigration from the nest site may occur as early as day
three but was not common until days four or five.

As part of their experiment, Miller and Emlen {Mi 75) investigated



the basis of parental recognition. They identified the adult ahility to
recognize individual variations in chick physical appearance, developed
over a week's time, as the dominant factor im recognition. They also

indicated, however, that parental acceptance of a chick may be somewhat
dependent upon the relaxed comporiment of 2 chick that is exhibited when
it is in a familiar physical and social environment. The importance of
this phenomenon is discussed by Beer in his work with Laughing gulls

{Larys atricilla) (Be 79}. Beer comcluded that chick discrimination by

the parent was a resylt of the chick's ability to recognize its own
parent, the chick's resulting behavior, and the adult’s reaction £o that
behavier,  The parent was not responding to individual chick
characteristics. Beer only tested for voice cues, not physical
appearance, which Miller and Emlen {¥i 75} found to be the dominant
factor.

In a recent paper by Beecher, et al. {Be 85}, the results of the
Milier and Emlen study appear to have been misinterpreted. In that
study, parental recognition of chicks was experimentally demonstrated.
Though chicks use vocal cues %o recognize their parents {Ev 80}, the
parents used visual cuss to recognize their chicks {Mi 75).

Ghick recognition of parents appears also to be important in
ensuring the chicks own care {Be 85) and in the maintenance of hrood
cohwsiveness, thus ensuring that parental energy is expended in raising
their own offspring., Besides the Laughing Gull studies {Be £9 and Be
78}, other researchers have found parental recognition by chicks in

other Larid species: Black-billed Sull {Larus bulleri) {Ev 70}, Ring-

bitied Gull {Ev 80}, and Royal Terns {Bu 72), and suggestsd in Crested
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Terns {Da 62}. Recogniticr by the chicks was generally found to be

through voice discrimination. Hutchison, et al. {Hu 68}, observed that,

for the Sandwich Tern {Sterna sandvicensis), there was enough

interindividual variation betwesn "the fish-call® of adults that the
cails could be used as a basis for recognition. Similar experiments

with coionial nesting CHITT Swallows (Hirundo pyrrhonota}, Bank Swallows

{Riparia riparia}, and Pinyon Jays {Bvmnorhinus cyanocephalus}

demonstrated the use of call variations as a basis for recognition.
Mutual recognition by calls osccurs in these three species {5t 83, Be 85,
B2 B1b, 51 &5 and Mc 82),

The experimental manipulations performed as part of this study were
substitution {cross-fostering) sxperiments. The adult tern is forced to
either accept or reject a replacement egy or chick. As discussed by
Shugart {Sh 77}, the point at which rejection of a foreign stimulus
increases significantly is not necessarily the time at which recognition
oncurred,  The "contextual evidence as to kinship® {Be 82), {i.e., the
nest site gestalt and the fact the substitution occurs in this
envirenment) may for some time substitute Ffor the recognition process
{perhaps the whole egg stage and part of the posti~hatch pericd). The
parent may be reacting more to the finding of a chick or egg in 2
famiitar setting and not specifically to the chick or egg. Thus,
substitution trials may be beneficial in establishing that recognition
may or may not occur in 2 species. I the trials are properly
controlied, they can perhaps establish the basis for recognition but not
gocurately predict the fime when recognition occurs {(Sh 77).

Additionally, substitution experiments cannot guantifiably evaluate the



e¥fect on the recognition process made by the nest site gesitait.

The above is probably alsc true for the Miller and Emlen {Mi 7%)
experiments described previocusly for Ring-billed Gulis. Though chic
recognition was demonstrated, the average time at which it was estimated
to cccur, seven to nine day posti-hatch, may not be accurate. Evans {Ev
66} found permanent brood mobility away from the nest site cccurred at
three to five days post-haich. Chick recognition of parsnts may be a
factor. This may occur as early as day four in Ring-billed Gulls {Fy
861, Most investigators assume that recognition, if it occurs, whether
by parent of the chick or vice-versa, must cccur before the onset of
brond mebility away from the nest site.

To determine the time at which recognition occurs, Shugart
recommended the use of choice trials {(Sh 77). The trials could be
designed to eliminate the nest site gestalt as a factor in determining
whether recognition cccurred. Because of the disparities in recognition
studies using substitution trials, Shugart hypothesized that recognition
of progeny for colonial ground nesting birds in general was accomplished
within the first five days of hatching and was not necessarily a species
charsoteristic {5h 77}. This conclusion may be premature a5 selection
pressures vary by species. The recognition signature used may vary in

its complexity depending upon the amount of needed information capacity

LXF

{Be B2}. Studies io date indicatz that species use different sensory
modaiities for the recognition process. Additionally, recognition may
be unidirectional or bidirectional {Be 85}, i.e., parent offspring

recognition may be mutual or in only one direction {and the modality

which each uses may differ).




Kest habitats of species may vary in the visual location cues they
provide to be used while parent-offspring recognition bonds are being
established. Species characteristics such as chick mebility, creche
formation, and nest density alsc have to be considersd. For the egg
stege, factors such as nest site gestalt, esgg coloration and nest

dgensity play a role. These factors support the argument that

s

development of egg and chick recognition is a species characteristic,
thoice trials, such as thoss using vocalization playback trials, can be
used, to belter estimate the time at which recognition occurs and
demonstrate whether recognition developwent is truly a species
characteristic determined by both genetic and environmental factors.

Recognition behavior by Forster's Terns nesting on islands in the
Cotumbia River may have a grest impact on their reproductive success.
On the isiands of the Columbia, nesting occurs in areas of relatively
sparse vegeltation and uniform sand/cobble substrate. lnder thess
conditions, and with high nest densities, recognition behavior employing
sensory modalities from either nest site, egg, or chick, or a
combination there of, should be selected for,

Forster's Terns normally nest in marsh habitat. Even here their
nest sites tend to be close together, exhibiting their colonial nature
{Be 70G}. In either nest habitat, Forster's Terns nest clese o spen
water {Th 81 gnd Be 70). Selection pressures for the development of nest
site recognition ability, however, would probably vary betwsen the two
nesting habitats. Marsh nests, because of their location on Floating
vegetation, muskrat houses, efc. {Mc 71}, possibly provide more nest

gestalt visual cues and less chances for mobility on the part of the



chicks. This would reduce the need for individual egg and chick
recognition,

Throughout the remainder of this paper, the following conventions
will be used. The term, parent-chick recognition, will represent
parental recognition of its own chicks, while chick-parent recognition

will represent the alternate possibility,



The study area is located in the lower CJolumbia Basin of
sputheentral Washington., Most research efforts were concentrated on
islands located in the Hanford Reach of the Columbia River near
Richiaznd, Washington. Forster's Tern colonies here were located on
Islands Nos. 1B and 19. Also included in the study area was a location
in the northeast corner of the Department of Energy’s Hanford
Reservation, the Wahluke Slope Habitat Management Area, where a colony
of Forster's Terns had been observed two years previously [R. E.
Fitzner, pers. comm.}., Figures 1 and 2 show the study ares and colony
locations. |

The study area receives about sixteen centimeters of precipitation
annually, falling mainly in the fall and winter months. Summers are hot
and dry, the springs windy, and the winters generally mild with little
snow and occasionally cold temperatures. Winds tend to be from the
southwest {Ha 71).

islands Nos. 18 and 19 consist mostly of cobble substrate {(Fi 80},
Az low river levels they are approximately 37.2 and 50.9 hectarss in
size {De 81}, respectively. The tern colonies used only & small poriion
of the total area. The major plant communities of the islands have been
previously characterized {Ha 71, Fi 80, and De 81).

The tern colonies were located on the upstream ends of the islands
Just above the high water marks caused by fluctuating water levels from
Priest Rapids Dam. During the high river flows of spring, Island No. 18

is often split into two islands. This condition possibly spurred the
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devaliopment of a second Forster's Tern colony on Zszandrﬁﬁ, 18 Jjust
downstream of the split location.

The vegetation characteristic of the colony location was similar
for all three colonies. The dominant cover species were Absinthe

{Artamisia absinthium), Northern Buckwheat {Erfogonum compositum), and

Columbia River Grindelia {Grindelia columbiana). The colony site on

Island No. 19 tended to be more sparsely vegetated. Small amounts of
Lupine {Lupinus sp.} and Mulberry {Morus zlba} were also present.
Later in the breeding season, when the chicks left the colony proper,
wiilow {3alix exigua) became impoertant for cover as river levels became
iower. During the high river levels earlier in the season, the willow
was located in periodically wetted areas.

Humerous other colonial gull, heron, and tern species uytilize the
Hanford Reach islands for nesting habitat {Th B1). In addition, Canada

Geese {Branta canadensis moffitii) nest an a number of the islands.

Forster's Tern interaction ooccurs mostly with the gull species. The
downstream Isiand Ho. 18 colony was flanked on its island side by a
targe mixed Ring-billed and California Bull colony. Island Mo. 20 was
originally planned for use as a study site {a Forster's Tern colony was
iocated on its upstream end the year before). Expansion of the
Ring-billed and Californie Gull colonies there in 1985, however,
possibly resulted in the terns abandoning the island due to lpss of
suitable nssting substrate.

The Wahluke Siope area used by the terns is a marsh habitat. This
type of habifat is the normal nesting habitat for the Forster's Tern {Be

€1 and Mc 71). For the Wahluke Slope marsh, the predominant plant
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spacies were Bullrushes {Scirpus sp.}. The marsh was established hy and
still receives most of its water from irrigation runoff associated with

the Columbia Basin project.



METHODS AND BATERIALS

GENERAL

The study was conducted from May through July, 1985, Experimental
manipuiations were performed and wost of the observational information
wias obtained from the tern colony on the upstream end of Island No. 18
{main study site}. Colonies located on the lower section of Island No.
i8 and on Island No. 19 were periodically surveyed for supportive data
on productivity and reaction to human disturbance. In addition, ths
Yahluke Siope Habitat Management Area was alse visited to assass the
continued presence of Forster's Terns.

Experiments invoived thres categories of egg manipulations and one
chick manipulation. Observational information included adult and chick
call recordings, posture descriptions, reactions to disturbance, and
various aspects of Forster’s Tern behavioral ecology. Table 1 shows a
schedule of visits made to sach of the colony sites during the study.
Dates missed at the main study site during active colony occupation wers
due mostly to either equipment preblems, weather, or the need to reduce

colony disturbance.

Table 1. Dates of Visits to Forster's Tern Colony Site Locations
RECALNES ¥

isiand No. 18 3-31, 5-1, 5~15 thru 5-1B, 5-71 thru 5~28, 5-26 taru
{Upstream Colony]  6-3, 6-5, 6-8 thry 6-18, 6-20 and 6-21, 6-24, 6-26
thry 6-28, 7-10 and 7-27

izland No. 18 =1, B-15, &-%, §-21, $-29 and 7-10
{Downstreanm Colony)
istand Mo, 1% . B=1, B-15, 68, 8-21, 8-29% and 7~10

Wahluke Siope 625
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Observations at the main study site were made from an elevated,
covered, hunter’s blind {elevation approximately 1.5 meters). The
coltony was situated in a rough semi-circie arcund the blind with the
closest nest being approximately 10 meters away. Observations were made
aither with the unaided eye, 7X35 binoculars, or a 20X - 40X spotting
scope. Data were recorded for the most part on prepared data sheets.
The field survey data wers either recorded at the time of chservation or
dictated 1inte a hand~held tape recorder and transcribed latesr,
Approximately 145 hours were spent making cbservations from the blind
during May and June. One hour was spent during July. Approximately 20
hours were spent conducting nest surveys at the main siudy site,
generzily in the morning, during the time of colany occupancy.

Numbered tongue depressors were placed in the ground within a meter
of each nest to aid in nest fdentification. Following nest numbering,
detailed records were kept on nest chronology as afforded by the almost
datly visits. A map showing nest locations relative to the blind and
ather nests was alsc made to aid identification {Figure 3}. According
to their location and visibility from the blind, individual nests were
categorized as for use as control nests, experimental nests, or
undisturbed nests.

Egg and chick recorded data included: identification of the stage
of hatching [i.e., early pip, pip, early ring, ring and smergence as
described by MeMicholl {Mc 83)], chick mobility away from the nest site
and hiding behavior, clutch sizes, sgg length and maximum diameter hy
vernier catiper on collected abandoned eggs, egg laying and hatching

daies, hatching success, and chick mortality at the nest site. Data on



%«.\
-.-

Ve &Q?ge:a‘f pse® istand Tip \
Estimate Cw;&g ? \\
e /b \
- \\ C’% \ \\\
AN

Water
Mar / o
‘ 42 33 .
& .
A " 4 \\\ Y ’\\‘ \
-

/ 54 e gﬁsﬁ!@z, FY
: 91¢53 8 ® . 9
VA0 SR W\
: 56 ;87 52 g () ¥
/ @ 3 > 4
33 50 3 / (o 758 § H
/ ® 328 e “58 w5t B / § \‘ ‘1 i
H
3% 4 426 3 508 ez7  / 37e ] 3} ;:i
35 e w92 ff"*e ; " w76 | 4 _i;
= 1 'y 2 N H
5?0 g:}%: 48 +7 i
39 ; / ) ~ H H
¥ b i 8is L S, i
g .S e I\
% i . 5
242 gy | PN gze *T8 !
26 28, f 85\ s
we ¢ Ty $sing dae | iy TV v |
231 f = ! org 72 ;R\ High i
ze 2 / s H // Warer
i -
/ DT i"’ i ;g § Mark 2
"1“!‘3;8{ . 3 H i Measurament
/ Mark / g’f $ *3 ,‘ P i ‘ } ;
, eesmeﬂem / < [,,M'T'i : ') , § !
®8 H . i :
P | s
i ; Estimatg af’"g’ry
. / Low Water 1
! Mark $
2
§

oA AR AN s pmn

Notes:
1. Mest iocations gre basad on combining nest proximity

measurarments i1a other nests, wrees, water and blind)
and raiative iine of sight ebservatinas made from

the blind.
2. Betweser nest distances are scaled measuremants
Other dipnansions, for the most past, are estimated.

Figure 3. Relative Nest Locations at the Main Study Site on Istand No.

8.

Fay



Hast Cade Date

founit
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P OCH 32 H 83 P
Z2 CH 33 EG.H g4 C
2 A 34 EG.H 85 A
4 C,H 38 P 88 EG H
5 C,BES.H 38 H 87 EG.H
8 A 37 H 88 A
7 OCH 338 P &3 P
g P 38 H o OEG.H
3 C.H 47 A 71 £G
10 41 A 72 OEG, H
it A 42 A 73 EG.H
12 OCH 43 A 74 EG H
13 CH 44 H s OEG, H
3 A 4% H 78 H
18 C.H 48 EG H 7P
18 A 47 # 78 A
17 A 48 A 3 P
18 C EG.H 48 H BG EGH
18 CH 80 H g1 P
25 CH 81 H g2 P
21 52 H 83 P
22 H 83 EG.H 84 H
23 P 54 EG, M Bg
24 H 55 A 88 A
25 EG H 38 BG,H 87 A
26 ES H 57 EBG.H 88 A
27 A 58 EC, M 88 A
28 H 58 E§ H 83 EG, H
28 EC.H 8C # 41 M
3¢ C EG H 87 H 232 H
21 P 82 ™
Legend
C Prirnary conirol nesis
EG Experimental nest-2gg
EC Experimental nest-chick
EB Experimental nest-sound recordings
# Hatched st isast one chick
A Abandoned prior 16 the cempletion of incubation
P Partial nest construction, no aggs layed

Absinthe Community
Northern Buckwheat Community
Witlow Comununity

s Egtimate of margin of vegesstion communities

seerewssne Migh ywater mark measurements {from nests Mo, 2B, 71 and 76}
oo blighy wwater rrark estimste

w——— | O WEREY TOSIK SStiMate

212  Forster's tern nest site and assigned numbser
B~ Hing-billed gult nest

G ,
&M.T. Mulberry tree

Figure 3, {Cont'd.)
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average incubation time and other survey dependent data are not precise
due %Q the non-continucus nature of the colony visits. Uhen possible,
chicks {n=60} were ley banded with number 3 size bands when they were
ore te three days post-hatch. The chick tarsus was able to accept a
bend at this stage without %t slipping past the hallux,

Nest data taken at the conclusion of the study in late July
inciuded: measursments of nest cup diameter, depih, and total nest
diameter; nest substrate; and proximities to shelter {vegetation of a
significant height or bulk}, water {river high water mark data actually
racorded during peak spring river flows), blind and other nests {from
edge of nest}. HNest cup diameter was recorded as the distance across
the crest of the cup. Cup depth was measured by placing 2 tongue
depressor across the cup and measuring the perpendicular distance to the
canter point of the cup. HNest diameter was more subjective in that
nests were not generally circular. Diameter was taken across what
appeared to be the major axis of construction. The vegetation selected
for measurement was similarly subjective as the investigator selected
that plant appearing to represent 3 dominant physical landmark near the

aest site,

ELG AND CHICK MANIPULATIONS

Manipulations to test parsntal recognition of =ggs and chicks were
performed in the early morning betwsen 0530 and 0B30 for the eggs and
arpund 0900 for the chicks. These time frames were used to prevent
disturbing the colony during the heat of the day. Hanipulations

involving exchanges were made buiween nests judged by the investigator



te be sufficliently visually isolated, either by other nests or by
vegetation. This preciuded adult Forster's Terns from returning to the
wrong nest site without performing obvious searching behavior, Twelve
nests were used as controls, Though they were not usad for
manipulations, they were disturbed during surveys to ensure handling by
the investigator could be discounted as adversely affecting a Forster's
Tern's behavior. Nests Nos. 18 and 30 were originally selected as
contrel nests. However, because of 2 later reduction in nest
availebility for experiments, they were used ¥or egg experiments and
¢timinated from the control group.

£gg manipuiations involved: exchanging single eggs beiween nests
containing at least twc eggs each, exchanging whole three-egg clutches
between nests, and altering egg marking patterns within a clutch with a
black felt tip pen. For the sgy sxperiments, eggs were exchanged that
appeaved to be most dissimilar in their ground coloration and markings,
while the aiterations involved adding scrawls, spots, and spiotches %o
the egg markings. Only one chick alteration experiment {involving two
different nests) was performed. Both chicks altersd were two days post-
hatch and were leg banded with bands colored with green snamel paint.
This was intended o allow distinguishing the altered chick from its
nest mate, but because of distance and the visibility of a chick's legs,
it proved to be a poer identification technique. Both chicks were
altered using a black felt tip marker; however, on the first chick the
mavker was a dry applicator and only the posterior of the bill {shout
the 1ast two millimeters) was hlackensd. On the second chick a wet

appticator was used. This ellowed for spots to be added to the down of
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the back and for the head down to be blackened. Bent {Be 21} and
MeNicholl (Mo 71) can be referenced for descriptions of Forster's Tern's
natural egg and chick coloration,

Ubservations of nests to be manipulated were made for a day prior
to the manipulation. These ucbservations and those of the controls werse
made using & scan technigue {(Mi 78}. Dbservations were made svery 15
minutes and the adult tern’s behavior categorized as to whether it was
incubating the eggs {or brooding chicks), standing near or over the
nest, feeding a chick, or absent from the nest vicinity. At least 20
observations were recorded prior to the manipulations. In most cases,
each control was observed 20 times a day. The observations established
the normal behavior of a breeding pair. Observation times varisd,
starting ne earlier than 0700 and ending no later than 1430.

Following the egy exchanges, the nests were cbserved continuously
for a least an hour and parental response cobserved for acceptance or
rejection. After the eggs were returned to their original nest,
ohservations were long enough to witness the parent's rezoceptance of
its own egg{s}. The altered eggs were observed by scan technigue for at
ieast four days {for onme nest this was only three days since on day
three it had one chick hatch}. Altersd chick nests were observed
continunusly until a parental response fowards the alitersed chick could
be discerned and then frequently thereafter {including scan technigue)

on the day of alteratiosn.

YOCALIZATION RECORDINGS AND PHOTDGRAPHS

Most inftial sound recordings were made using a Uher 4200 Report




Stereo 10, For a1l chick cails and for a limited amount of adult tern
cails, recordings were first made on a pocket size Sanyo cassette tfape
recorder held by the investigator and later transferred io the Uher.
The need for this approach was due first £o the weak intensity of chick
catis.  Secondly, the elicitation of the chick calls recorded and &
sarticular adult call {i.e,, attack call) were dependent upon
disturbance by the investigator. Useful recordings of some chick call
iypes were not obtained.

Recordings on the Uher were made using & fabricated directional
microphone pointed at the nest to be wonitored. The microphone
arrangement consisted of a PVC pipe 15.4 centimeters {6 inches) in
dizmeter and 42 centimeters long. A remote contral microphone was
inserted through one end and padded with foam rubber, The padding
surrounded the rear of the microphone covering the full extent of the
diameter of the pipe and provided attenuation of sound signals received
oppesite from the desired direction. The wmicrophone was set
approximately 25 centimeters away from the open end. The PVC pipe was
piaced on the ground six to ning meters away from the nest of intsrest.
The distance away was constrained by the availability of close nest
sites and keeping the length of microphone cord down to minimize line
resistance.  The pipe was painted brown and covered with burlap for
camouflage. The recorder was kept in the blind. Recordings were
obtained in monophonic at a tape speed of 19 om/sec. A total of
approximately fifteen and a half hours was spent monitoring different
nests on Tive separate days. HMonitoring consisted of sbserving the nest

for behavioral activities and turning on the recorder when such
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activities included vocalizations. QOccasionally, terns flying and
yocalizing overhead in the vicinity of the microphone were also
recorded,

Quality of the recordings was greatly affected by background noise
such as boat traffic, airplanes, and general colony noise, As a result,
calls were later prioritized as to their clarity and ability to be
assigned o an individual bird making a particuler call. Nine differant
agult and four chick calls were initially identified by the
investigator. One of the adult cglls {¥ish call) was observed to
function as an identification call. Repeated recordings were made of
individual adult terns making the Fish call as well as of different
individuals making the cali. The highest quality recordings for esach
type of call rscorded were uysed 1o meke sonagrams of 2.4 seconds in
duration with g maximum freguency response of 8§ kilocycles per second.
A wide bandpass filter setting {bandwidth 300 cycies per second) was
usad, The spectrograph souipment used was a Sona-Gram, Sound
Spectrograph 6814 manufactured by the Kay Electric Company. The
sanagrams were subjected to analysis to delermine 1f the different calls
coultd be differentiated by their sound profiles and if a case could be
made for the fish call functioning as an ifdentification call.

An attempt was made to corrslate various calls with their
assuciated peostures and behaviors. When possible %0 supplement
descyipbions, photographs were taken from the blind of adult postures
using a 3% mm SLR camera equipped with 2 300 mm lens.

I¥ available, the names used to identify a particular call or

posture follow the nomencliature already used by other authors {Mc 71 and
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Huy £8). Where a call or posture appearsd to be newly identified in this

study, the investigalor assigned a name That appeared descriptive either

in sound or in function.
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RESULTS

EGG MANIPULATIONS

Data collected on contrsl nests serve 3s a baseline for
establishing the activity patterns of a norma] breeding Forster's Tern
patr. Table Z summarizes the results for the egg stage, early pip and

pipped stage, and pooied data from the two stages.

Table 2, Parental Activity Freguency During the Egy Stage (£},

Farly Pip and Pipped Stage {Ep) and Pooled Data {Controls)

Stags L) £ Ep Poglied
Ho. nasts 12 8 iz

No. Tailies?) 1875 245 2120
Tncubating e 98.0:1.9 98.5:2.3  97.9£1.9
Standing Y 0.6:1.1 0.0 0.6+1.1
Not in nest vicinity - %o 1.460.9  1.5:2.3  1.50.9

1} Stages: E = eggs; Ep = early pip or pipped esggs. Data for the
sarly ring and ring stage were not included due fo the briefnass of
the stage, the small amouni of date, and the pessibility that the
stronger "chick® stimulus may represent a turning point for

parental behavior away from the pure incubation stage.

[

Surveys of parental activity frequencies were by scan technique {Mi

78}, normally twenty times per day.
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Table 2. {Cont.)
3}  Each scan observation of a nest represented one datum point. The

percentages {plus one standard deviation) are the mean percentage

of individual nest percentages.

The data in Table 2 are comparable to that obtained for Ring-billed
Gulls (M1 75} with the exception that in this study a category was added
to account for the condition when neither parent was present at the nest
site. This behavior was common for Forster's Terns and could be due to
colony upflights as a reaction to some disturbance, the need to wet the
breast feathers in the river to cool incybating eggs, or individual
reaciion 10 an intruder. Food was never observed being brought to the
gggs, though numerous feedings of a mate on the nest were chserved,

The slight increase in incubaiion frequency during the Fp stage
indicates a possible trend for the incubating parent bird o %sit
tighter” during the later stages of incubation. Table 2 data are useful
for comparison with the premanipuiation data of the experimental nestis.
This permits an assessment of the premanipulation behavior of the
experimental npest to see iFf such behavior may have affected the
pxperimental outcome. Though premanipulation sample size was small (20
- 25 tallies for most nests), the results indicated no ohvious
departyres from the baseline: mean incubation frequency plus one
standard deviation of 97.9 2 3.3 percent {range 90.0 - 100 percent}.

The approach described above alse can be indicative of an

abnormally behaving breeding pair. This is exemplified by data on nest




Ho. 17. Table 3 summarizes the scan observation resylts,

.
Tabie 3. Parental Activity of Nest No. 17 During the Egg Stage {E}°

No. taliies &0

Incubating % 37.5
Standing % 2.5
Not in nest viginity % 50,0

1} The percentages are in percent of total scan tallies.

Dver a five day observation pericd of adult terns in the vicinity
of nest No. 17, occupancy &t the nest dropped steadily until toial nest
abandonment occurred {one observation day in the widdle was missed).
Buring the period of occupancy, it appearsd that an adult from nest No.
17 even incubated the wrong nest at times {previcusly abandoned nest o,
16},

Though experimental nests were not always chserved by secan
technique following the manipulations {311 the altered egg nests were
obgerved for three or four days), they were periodically chserved to
23355 the status of their eggs or chicks. A1l nests used for egg
experiments, with the exception of one, successfully hatched at lsast one
chick, The adults on the unsuccessful nest wers sitting on addled or
infertile eggs, since they were chserved to incubate for a minimum of 54
consecutive days {average incubation time is roughly 24 days; see

Appendix Table 5).



Results from the egg exchanges/alterations are summarized in Table
4 {A, B3, and £}. Table 5 provides post manipulation scan observation
data {parental activity frequencies! on the four nests whers egg
aiterations were performed and in one nest, No, 30, where a whole clutch
2gg exchange was performed.

Following egg exchanges and aiterations, the returning adulits in
a1l cases settled normally on the nest once they had alighted at the
nest site {generally on the nest rim or close to it). In & few
instances, adults circled in the vicinity of the nests for a few minutes
prior fc landing. Once they landed, seitlement was immediate and
noreely noe hesitation was cbserved. The few slow returns fo the nest
were interpreted to be unigue responses of individuals to a coiany
disturbance,

Half of the nests having egg exchanges were observed while a nest
exchange between mates took place, Settlement by the new bird was
without hesitation. Following the return of eggs to their original
nests, all adults settled normally on their nests,

Nest manipulations were performed during the middle and later
phases of the incubation stage. The majority of the axchanges wers
performed during late incubation. Testing can reasonably be expected to
have coverad the time periocd during which the onset of egqq recognition

behavior would have occurvred.

CHICK MANTIPULATIONS

Parental activity freguency data for the chick stage were not

nearly as extensive nor as accurate as data for the egg stage. For



Table 4.

A,  Single Egg Exchange

Egg Manipulation Results,
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Nest Xo, 25

34

~d
[

75

80

Parent response to:

Replacement egg +1>

Dwn sgg +
Returned egg +

Kest exchange
shsarved while
axchanged agg
prasant Y

Exchange date in
refation fo
hatching date of
first chick from
nest {difference
in days)

3y

N

Sorig*! 7-9 11-13

w1
3
A3

[#31

7078

"3
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KA

B, Whole Clutch Egg Exchange

Hest Ho, 30

3

K]
a7

54

~
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~
L4
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Parent rasponse to:
Replacement clutch 4+
Returned eggs +

Mest exchange

observed while
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~

i

N
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-
g

5ar§ 9-12

4

]
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Table 4. {Cont.)

L. Whole Clutch Egg Alterations

Nest No. 18 §6 67 9% Totals
Parent response to:

Altered Eggs + * + + 430~
Aiteration date in relation

to hatching date of first

ciick from nest {difference

in days) §-8 dors 2 N&

-

g
1} Symbols: + = accepted {incubated); - =

¥ = could not confirm.

%)
¥

therefore an estimated rangs of days is given,

rejected; ¥

= ¥es; N = HNo:

In some cases the exact hatching date of a chick was missed,

Based upon an

average incubation peried of 24 days {see Appendix} and three

stages of incubation, a difference in days of cne through eight

corresponds to late incubation, 9-~18 to middle incubation; and

greater than 17 to early incubation.

Table 5. Post Manipulation Parental Activity Frequencies {Pocled E and

Ep data) 1)

Nest Ho., 18 3¢ &6 67 90%
Mo. tallies 75 140 75 75 40
Incubating - % 98.7 98.6 98.7 97.3  97.5
Standing - % 0.0 8.7 8.6 0.0 8.0
Kot in nest viginity - ¢ 1.3 8.7 1.3 2.7 2.5

1} The percentages are in percent of total scan tallies.

2} HNest No. 90 was observed tc have a chick present prior fo the third

day of post-manipulation observations.
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feeding events were difficult to observe. A& parent freguently brought
food {only fish were observed) back %o the nest but appeared to fail to
feed the chick. Though a visual exchange between parent and chick was
act always possible, vocal exchanges could still occur. The broading
parent, however, remained atop the chick: the chick perhaps being too
weak during the first day following hatching to push itself out from
bereath its parent. The parent returning with the fish, after not
finding a recipient for its catch, often ate the fish itself or fed it
to its brooding mate. It is possible, that during the first day of its
post-hatch existence, a chick uses the remains of its yoik resarve and
requires less feedings.

Nest cover someiimes presented a visual barrier, making it
difficuit to judge the correct activity of the parental teras. Alsc,
nests were not standardized {Mi 75} and there was often a combination of
chicks {two or three} of different ages in the nest; thus, data could
net be properly assigned to & particular day after hatching,
Additionally, some nests underwent a reversal of conditions where on one
day it had a chick, the next none {due to the chicks death), and then a
new chick on the following day. No attempt was wade t0 see how These
situations affected parental activity freguencies. Finally, a number of
the nests used to observe chick data were close to the blind. Some of
the adults al these nests appeared to lead their hroods away from the
nest site prematurely, possibly due fo the presence of the investigator.
Their prior behavior may have alssc been aFfected by close proximity to
the blind.

For these reasons the scan shservation data for the chick stage is
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nol used in making comparisons of parental behavior towards altered
chicks. A& Timited amount of scan data for the chick stage is presented
in the Appendix (Appendix Table §). Because litile feeding activity was
observed, the Appendix also contains feeding frequency data based upon
continuous observations of a nest {Appendix Table 7).

The chick experimental data presented here are limited o the
aiteration of two, two-day posi-hatch chicks. Though the original
experimental design was similar to that for eggs, involving single and
whaie brood exchanges and alterations at different days post-haich,
atmost all of these axperiments were curtailed. Most of the chick
manipuiation experiments were eliminated partly because of: (1) smaller

colony size than anticipated {fewsr than sixty nests hatched chicks):

Pty

2} somewhat asynchronous hatching {hatchings ocourred over roughly a
month}; (3} poor nest visibility for observing most chicks: {4} colder
than usual weather during the time used for performing manipulations
{cold weather is not a problem for the eggs, but chicks one day old
can't thermoregulate adequatelyl; {5) more mobile chicks than expected
and {8} increased agitation by the colony to the presence of the blind
and the investigator during colony surveys. Trying to force additional
chick manipulations may have adversesly affected the breeding success of
the colony.

Results from the chick alteration experiments are summarized in
Table 6. In both experiments the alteration of the chick did not appear
to affect the parental response towards it. The limited altering of the
chick using the dry applicator, nesi No. 29, makes interpretation of the

resuits of that experiment tenucus.
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fable 6. Single Chick Manipulation Results - Chicks Altered at Two Days

RPost-Hatch

Hest No. 28 58
Parent response to: ' <y

Altered chick +*7 -

, . e 2

Home chick +2} +v)
Chick behavior:

Bltered chick c U

Home chick U u/c
Chick color-banded a 2
Territorial Situation D W
Appiicator type Ory Het

1} Symbels: + = accepted {brooded}; - = rejected; ¢ = crouched; u =

#

upright posture; g = altered chicky h = home chick; o = gpen {nests

N\

greater than 2 m apart}; w = crowded (nests less than 2 m apart).

2} Following the disturbance to the nest having the alteration, the
unaitered chick {four days post-hatch) did not return to the nest
site for at least 40 minutes. The altered chick stayed in the nest
after alteration.

3} Following the disturbance to the nest having the alteration, the
unaltered chick {three days post-hatch) didn't return to the nest
for at least one hour and 45 minutes. Upon its return, the narent
appeared to come off the nest fo peck it once {appeared to be
catling to it previously}; whersupon the chick responded by
croyching., After the parent ignored it, the chick got up and
enterad the nest. Once there, it was brooded along with the
altered two day post-hatch chick who had returned to the nest site

immediately following the disturbance.
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CALLS AND POSTURES

Suring the course of the manipulation experiments, data were
coilected as opportunity arose on adult and chick calls and postures.
These data were primarily subjective. Once the chick manipulation
experiments were curtailed, it became possible to make some guantitative
measurements of various adult and chick calls ysing recording
instrumentation. Photographs were also obtained to document postures.,

The informaticn availeble from the recordings was affected o &
great degree by: {1} the high background noise, {2) the distance of the
microphone away from the subject, and {3) the inability to assign
repeated calls to a particular individual {adults were not marked}.
Acditionally, interpretation of the call sonagrams was made difficult by
the tack of linearity in the freguency scale on the calibration graph
and the interference caused when a combination of calls was given at the
same time. It was not possible to photographically document al] the
various postures due either to distance or the pastaré not gccurring
during photographing sessions.

Table 7 provides qualitative data on the nine propesed adult
Forster's Tern calls covering a description of the call characieristics,
the situation in which the call is given, the associated posture if any,
and proposed functions for each call, Table 88 provides guantitative
information on adult calls, except the fish call and pair bond call,
Tabie BB provides the quantitative fish call dats inciuding data that
can be used to aid establishing the fish call as an individual
identification call., Table 9§ provides information on chick {and

Juvenile} calls. Recordings were made of a1l nine adult calls and only
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Tabie 10. Adult Posture Descriptions

Posture Degscription

Frotest When standing: bedy straight; bill straight and gpern
wide; wings raised and spread.

When sitting on nest: wings can also be raised.
Zoticitation When off the nest: bedy horizontal, including tail
g

and often head; bill open; facing conspecific; head
can be raised stightly; back swayed.

Pair Bong Body Tows head and bi11 pointed downward and averted
from conspecific: the carpals may be held out
stightly when the bird just landed.

Aggression When standing: wings {carpals) raised; body erect,
bi11 open; head pointed vertical,

Wings not raised when sitiing on the nest.

ane of the chick calls. Table 10 provides descriptions of the varicus
adult postures,

Figure 4, A through D, provides representative sonagrams of the
adult fish call. In A, the fish call 15 shown with the accompanying
scream cails. The fish call in A also includes the modulated Ilower and
upper voices., The caﬁi in B is hypothesized io be from the same
individual {because the calls were recorded at different times and the
birds were unmarked, this cannot be confirmed). The calls in C and D
are from a different adult {C and D are hypothesized to be the same
individual} that show no modulation in the fundamental nor two separaie

¥OIORS,
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Figure 5 provides representative sonagrams of the adult protest
call, triil call, begging calls {with clicks in one instance and the
attack ¢all in another}, a partial pair bond call {with the fish call of
possibly the mate of the individual in Figure 4, A and B), and chirp {A
through F, respectively}. Figure § shows a sonagram of a chick scream.
Photographs of two postures were obtained, the pair bond and

solicitation. These are provided in Figures 7 and 3, respectively,
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BEHAVIORAL ECOLOGY - ASPECTS AFTECTING DISTURBANCE REACTIONS

A species respanse to disturbance is highly complex. The effect on
g

productivity success is dependent upon a number of factors.

Breeding Chronnlogy

Several of the islands on the Hanford Reach are in the McKary
Bational Wildlife Refuge and fall under the jurisdiction of the United
States Department of the Interior, Bursay of Fisheries and Wildlife, and
arg controlled access aress. The public is restricted from the islands
between February 1 and June 30 of each year to provide undisturbed
waterfowl nesting areas. Ducks and geese complete their nesting cycle
within the above time frame (i.e., the young are capable, and do leave
the isiands with the adults}. Isiands of the Hanford Reach alsg provide
nesting sites for large colonies of Ring-billed Gulls, California Gulls,
and Forster's Terns {Th 81}, The nesting chronology of these birds
resuits in chick fledging occcurring throughout the summer {Th Bl);
though Timited data from this study For the Forster's Tern indicatss
fledging should have been completed by the end of July. Figure 9 shows
the breeding chronslogy for Forster's Terns at the main study site
{upstream end of Island No. 18).

The date{s} of first arrival were provided by R, E. Fitzner {pers.
comm. ). The date of commencement of egg laying and incubation is based
upan the start of hatching minus the average incubation periced of 24
days {see Appendix Table 5}. The end of egg laying and the beginaing
and end of chick hatching are accurate within a day. A1l young had left

their original nest site by June 2B. The first confirmed ohservation



of a fiedging chick was also on June 28, From this, fledging is

sstimated to take place Tour to five weeks after hatching. Thus, the

compietion of fledging for this colony ocours near the end of July, as

indicated by the dashed line in Figurs 3.

Figura 3.

Mar Apr May Jun St Aug

Breeding chronoiogy at the main study site on Island No, 18.
A = arrival at colony; £ = egg laying; F = fledging; H =
hatching; I = incubation; Y = Young in colony {voung left
original nest at an average age of four days: thereafier,
until fledging, they were tended by their parents in areas
behind the colony nest sites). One Forster's Tarn was
sighted on Aprii 10, however, significant numbers were not
observed until April 17,



A few anomalies are not included in the above data. Two nests were
1311 incubating eggs on July 10. Both nesis wers gssesseé as having

addied or infertile eggs, as the calculated minimum fime the nests were
being incubated was 51 and 54 days. The nests were thuys not added into
the data as being indicative of the normal chronclogy. Additionally,
two new sggs were Tound on July 10 in a nest that had previcusly hatched
its last chick on June 27 {No. 92). These eggs were found predated when
the colony was again visited on July 27.

Survey data of the colonies on the downstream portion of Island No.
18 and on Island No. 19 indicated these colonies were 3lightly later in
chronology than the main study site, perhaps one to two weeks. Nests
were Tound where eggs were still being incubatad on July 10. On June 29
two, three egg clufches, about forty yards from the main colony site at
the Isiand No. 18 downstream colony, were found., These nests appeared
ta be in the river fipod area, however, lower river levels were
pravatent at this time. These finds, plus the two egg clutch found at
the main study site on July 10, are the only hard evidence of a second
breeding contingent hypothesized by Thompson and Tabor {Th 811,

The breeding chronology of the Forster's Tern 11lustrates the
critical periods during which disturbance can disrupt the nesting cycle

of the Forster's Tern and raduce the fledging success of the colony.

Hest Counts
To gain a better understanding of breeding success on the Hanford
Reach area of the Columbia River, all the Forsier's Tern colonies must

be considered and their combined success assessed {Wahluke Slope is



included as well}. Table 11 compares the results of previous nest
survey results with survey dats obteined during this study. The data
indicate a significant decrease in total active nests, with two sites
not even having colonies established in 1985,

Iable 11. Locations and Comparative Counts of Active Nests on the
Hanford Reach and Yahluke Slope

Colony Site Nest Dount {Site ¥isits)
19778 1978t 1983%/ 1985

Istand No. 18 Upstream et —— ——— 81 {3?}4%

Downstream S —_— S 71 {6}5)

Totatl 228 228(2} ———— o
Tstand No. 19 50 50 27 {6)%)
istand No, 20 126 126(2) - o {6)°
Wahluke Slope o -—— 50 g {1
Totals 4034 4034 HA 178

%%

1} Data are from Thompson and Tabor {Th 81).
2} Data provided by R. E. Fitzner {pers. comm.}. Data is based on
sighting of birds in vicinity and verifying occupancy by
sighting at least a dozen nesis.
3} A P-==" indicates no data taken cr available.
4} The number of site visits are for those made when the colony nests
were active., OF the Bl nests, two were incubated well past the
average incubation period without a hatching eccurving, and 21
athers {containing at Teast one egg) were ahandoned prior to the

complietion of the incubation period.

W

Rest counts for the downsiream colony on Island No. 18 and for the

cotony on Island No. 18 are the maximum count determined from
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Tabie 11. {Cent.)
several independent nest surveys.

&) Island No. 20 was visited during the breeding season of 1984,
Though nest counts were not made, a Forster’s Tern colony was

observed.

Chick Mortality

One way to assess the effect of disturbance is to compare chick
mortatity rates between colonies that were subjected to different
disturbance pressures. One of the main study colony’s primary
“predators” was the investigator. There were no gull colonies on this
part of the island; however, gquils, predominately Ring-billed,
constantly overflew the colony on their way to and from a flocking point
at the tip of the istand. The location of the flock varied with the
river lsvel, at times being approximately fifty yvards or less from the
colony. Curiously, one Ring-billed Gull located its nest near the tern
colony {less than 5.5 meters from the nearest tern nest). The adults at
this nest were fregquently the object of tern aggression when the colony
or a nearby individual nest site was disturbed.

Human disturbance on the other two island colonies was, for the
mest part, only during the infrequent and brief nest surveys. Once the
surveys commenced, however, some members of the downstream Island No. 18
cotony would often react to the fnvestigator when landing the boai in
the morning and when leaving the island in the afternoon. The boat was

put ashore just upstream of the water split in Island Ko. 18 mentioned
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previcusly {the colony was roughly 100 yvards aﬁay}. The reaction from
this colony didn’t occur until after the first detailed nest survey was
made, This colony also had & large Ring-billed Gull and California Gull
coiony abutting on its downstream island end. There were no gull
cotonies on Istand No. 18,

Table 12 provides chick mortality and rates for the three Forster's
Tern colonies. Mortality is considered up tc the time the chicks leave

the original nest site. After this, mortality was not surveyed.

Table 12, Chick Mortality Prior to Dispersal from the Original Nest
Site

3y
Colony Predator/Disturbance Aciiyai’ Total Chigks Chick . Mort.
; - : _— 2} :
Lecation Fraguancy Nests Hatched™ %@rt,3} Rate %
Istand Ho. 18
Upstream  Investigator:Freguent 58 154 25 i6.2
Gulls:Freguent but
Timited to birds
flocking in vicinity.
Do investigator: Iinfrequent
strean Gulls:Frequent, gull &6 158 21 13.3
colonies located
adjacent to colony
isiand Investigator: i8 30 4 13.3

Ho. 19 infreguent
Gulls:Infreguent
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Cont.)

Active nests used hers differ from those listed in Table 11. for
the Istand No. 18 upstream colony, only 58 nests actually hatched
at teast one chick., For the downstream colony and Istand No. 19,
the nest counts are from the survey date when the most accurate
count of dead chicks could be made {June 21).

Mortaiity rate was calculated by dividing the total number of
chicks hatched into the number of dead chicks. For the upstream
colony, this could be done dirsctly. For the other iwo colonies,
in order to estimate the amount of chick hatchings it was assumed
that each active nest originaliy contained a thrse egg cluteh
{Table 13 data makes this assumption reascnable}. Fggs that wers
not present were then assumed o have hatched a chick. Since the
incidence of four egg clutches was low {one per colony), this
method probably represents an undersstimate of the chick mortality
rate for the two colonies.

Te be considered a mortality the chick had 1o hatch from the egg
first. GSome chicks were found dead inside the egg in the early
ring stage. They are not included in the data. For the upstream
coiony, chick mortality was determined by almost daily surveys of
individual nest status in the colony. For the other two colanies,
it is based on walk-through surveys where active nests and dead
chicks were counted. Parent terns did not remove dead chicks from

the nest site.



Ciutch Size and Hatching Success

Tables 13 and 14 provide additional data for the mein study site to
put the chick mortality data in perspective with other breeding success

{productivity} parameters.

Table 13. Average Clutch Size at the Main Study Site

Clutch Freguency Nests with Completed Qiutchesl} A11 Nests
i ] &
2 12 132)
3 81 &1
6% 1 1
Mean 2,9 2.7

1} Completion was based on the observation that one egg clutches
tended to be in nests that looked only partiaily consiructed and
ware most 1ikely abandoned. Two sgg clutches were in nests that
for the most part appeared to have their construction complete.

23 Includes second abortive nesting attempt at nest No. 92,

3} Second group of two eggs was layed at least five days later than

first group indicating the likelihood that a different female layed

the sacond egg group {nest No. 5%).

Table 14. Hatching Success at the Main Study Site

#Hatching Success for Those Nests

Incubated and Not Abandoned Prior Hatching Success for A1l Nests
to Expected Hatching Dates Containing at Least One Egg

Mo, Ho. Eggs Total Ho. Ho. Eggs  Total

Nests Hatched Eggs  Parcent Nests Hafched £ggs  Percent

G0 154 173 89.0 31 158 p20%) 78.0
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Table 14. {font'd.}

1Y Includes two nests that did not hatch chicks, but incubated for a

minimum of 51 and 54 days, respectively.

Ny

includes second clutch at nest No. 97 and one egg that was found

gutside the nests and couldn't be assigned to any particular nest.

Chick Mobility

in general, on nest surveys, [ found that a ong or twe day
post-hatch chick generally stayed in the vicinity of the nest during a
disturbance., Three days and oider chicks did not. Almost all chicks

tended to crouch at my approach, in many cases under the cover of

S

Absinths, Grindelia, Buckwheat, Lupine, or Mulberry {Figure 10}. In
those cases when they crouched among cobble their coloration still

provided some camouflage {Figure 11}. Table 15 provides data on chick

moebitity.
Table 15, Chick Mobiltity
First Observed Excursion Leave Nest Site
from Nest Permangntly
Days Posti-~hatch No. of Chicks No, of Chicks
i 22 -
Fa 35 &
3 & 8
4 1 13
5 - 7
g - 3
7 e 2
Mean 1.8 Bays 4.0 Bays
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After leaving the nest site and prior to fledging, chicks are led
by their parents to areas behind the colony where the vegetation
provides cover and a Toosely defined territory can be established. In
general, or at least until they were older, chicks were not seen in the
open near the water. Part of the June 21 survey at the main study site
inciuded a sweep hehind the colony to attempt to locate the alder chicks
nearing fledging. This was initially made along the shoreline so that
any movement by disturbed chicks would hopefully be inland. Though this
worked at first, it became apparent that the mobility of the chicks
aiiowsd them to get ahead of the investigators and in some cases move
towards water. About five chicks were seen in shallow water on one side
of the istand tip while on the other side of the island, & large group
of twelve to fifteen {some by themselves) headed out and were caught in
the swift current of the river. Though it appeared that the adults were
trying to drive the chicks back o shore, the chicks remgined in the
current. The chicks were seen floating past the gqull colony, adult
terns flying overhead, on the lower part of Island Ho., 1B, Where the
chicks finally landed was not determined. This displacement was
permanent and in some cases may heve represented partial broods. The

effect on fledging success was probably detrimental.

Though fledging success is a factor in the productivity success of
2 species {reaching the stage of flight gains the fladgling the ability
to avoid ground predatars), it was not determined in this study.

Aspects of a Forster's Tern behavior make this difficult to determine.
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At the main siudy site, fledging did not occur at the nest site nor in
the colony proper {nesting area}. Within a few days of hatching, the
aduits and chicks left the nest site and took up residence among the
vegetation behind the colony {mostly Absinthe which provided camouflage
far the chicks). The chicks were not observed to form creches,

Before chick hatching cccurred, the high water mark reached to
atmost three meters to some of the nests at the back of the colony.
River levels were lower when the chicks started haiching and moving cut
of the nest sites. This provided the necessary room behind the colony
for the broods to establish loose territories whers the chicks could be
tended in safety. Limited recapture of banded chicks and observation of
brood movements indicated that broods tended to move straight out behind
the colony Trom the original nest site, with no crossing over to the
cther side of the colony. Survey attempts behind the coleny, to assess
brood status, had only Vimited success as the chicks were difficult to
find., Judging fledging from the blind also became difficylt as the
blind was ltocated opposite to the direction of movement of the broods.
For these reasons, any type of fledging success rate was difficuli to
determine.

For comparative purposes with other studies, however, a rough
catculation of productivity success is possible up to the ¢ime the
chicks Teft their original nest sites., This was dons for the main study

site, Table 18 shows the results,
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Table 16, Productivity Success at the Main Study Site

{3} Chick {4} Success Rate {%) =

{1} Total No. of {2} Total Ho.
Eggs Layed Eggs Which Mortality
+ AU - R
Hatched { | ST
RN
220 1 154 25 56.6

} Total reproductive effort of the colony

i



&4

L2

ISCUSSION

RECOGRITION BEHAVIOR

fgg Reccegnition Yersus Hest Site Gestalt

Forster's Tern adults showed no ability to recognize their own
eggs. Because the resulis were all negative {response to the
axperimental condition did not differ from that of the normal condition)
and were independent of the stage of incubation, substitution triszls are
adgquate to show recognition did not occur, Choice trials are not
axpected to produce any different conclusions. The choosing of ones own
ciutch would be random if any clutch at a1l would be chosen.

initially, I had hypothesizad that egg recognition would occur.
Supporting this hypothesis were: {1 Forster's Tern egg ground color and
markings were highly distinciive and variable {subjectively, they
appeared to provide a signature sysiem with adeguate information
capacity)s {2} nesting on cobblestone islands on the Columbia River
would result in relatively densely packed colonies on suspected uniform
substrate; and {3) & related species, the Royal Tern, was shown o be
capable of egg recognition {By 72},

Observations made along with the experiments provide insight into
why racegnition of eggs has mot been selected for in the Forster's Tern.
The nests of the Royal Tern are described as shallow scoeps in the sand
orly occasionally lined or surrounded by bits of material {Bu 72). HNest
density was 7.5 nests per square meter (Bu 72). Such a nest type in a
crowded colony provides poor viswal cuss.  Its general location and

retationship to adjacent adults cannot be discounted, however, in aiding



the racognition process {Bu 72). Forster's Tern nest sites were more
distinctive in appearance than anticipated. {Figures 10 and 12 show
typical nests}. Additionally, they tended to be constructed near a
srominent vegelational featurs. This latter point is primerily
subJective. Relative data was collected along with other nest data. The
investigator took measurements on vegetation that appeared to represent
a significant feature of the nest gestalt. Further quantitative work is
neaded io determine if vegetation serves as landmarks or simply as cover
protection from the weather. Tables 17 and 18 provide data on the
variability of nest measurements, substrate usage, and the vegetation by
which nests were commonly located.

s,

Comparisen of the nest measurement data {cup and nest diameter)

3

with that obtained for this species in a marsh habitat {Mc 71}, show 2
trend for smaller, less variable size nests, for terns nesting on the
Cotumbia River islands. In both studies, nest diameter was highly
varigbie in comparison to other measurements., <Cup depth in the Columbia
River study {obtained after chick hatching) is comparable to the
pre~hatching cup depth data of MoNicholl {(Mec 71) but not to the
sost-hatch data, where the reduction in depth was significant, The
targer construction of the marsh nests may be due to their location on
unstable substrate {i.e., floating vegetation). Interpretation of cup

depth measurements and changes raguires more data.
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Table 17. HNest %easuremeﬁtsl}

Cup Diameter {cm) Cup Depth {cm} Hest Diameter {cm)
Range 5 - 14 1 - 3.8 15 ~ 42
Mean 119 + 1,18 2.4 5 0,5%) 22.4 = 4,6°)

1} Sample size equals 72 nests. Only those nests whose construction
appearad complete and included a nest cup are included in the data.

2} One standard deviation

Table 18. HNest Substrate Usage and Proximate Vegetation

Substrate Proximate Yegetation
)]
Cobble Buckl’ Grin Abs Sand Lup fhs Grin Buck Mul Lup
?‘i{}x ~%
Nests“’ 68 20 6 4 2 1 55 20 8 & 2

1} Abbreviations: Buck = Buckwheat; Grin = Grindelia; Abs = Absinthe;
Lup = Lupine; Mul = Mulberry,

2} Gubstrate usage is based on a itotal sample size of 72 nests; 40 of
these nests only had cobble as substrate, buckwheat constituted the
only substrate for four nests {nests were buiit right on top of the

lant}, and all other nests had substrates of mixed types.

o

gy

roximate vegetation is based on a total sample size of 73 nests.

The location of its own nest with respect to its neighbors may also
be an important recognition feature for the Forster's Tern. The average
distance between nests {n=79) was found to be 3.5 £ 1.9 meters {ons

standard deviation), with a range of 0.9 to 12.7 meters. HNest density
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ranged from 0.01 to 0.05 nests per square meter, depending on location
in the colony. MNest location apparently was more dependent upon the

proximity of vegetation types and sizes and not proximity to other tern
nests; however, & minimum distance would still be expected baszad upon

territorial considerations. The minimum distance measured involved an
uncocupied nest.  The minimum distance beilween two adjacent cccupied

nasts was 1.8 meters. By comparison, McNicholi determined mean nest

prosimity distances of 0.8 melers and §.8 meters, for nesis on muskrat
houses and floating vegetation, respectively {(Mc 71},

Zirect recognition of the eggs by Forster's Terns may be
unnecessary for the incubating of the correct clutch., Both sexes take
part in incubstion with frequent exchanges. Most approaches to z nest
were made with the nest already occupied {occupation freguency
approximately 98 percent, Table 2}. The visual presence of a mate and
the invariant vocal exchange between the returning bird and the
incubating bird would provide strong contextual cues for recognizing the
correct nest, When approaching the nest, the returning tern would
invariably use the fish call or trill call {mostiy the fish call when
the nest was occupied). The incubating bird freguently responded with
the begging call. The possible recognition value of the fish call has
been previously presented. ¥When the incoming bird finally landed at the
nest site, further fish and pair bond calls were given. Either bird
could give one or the other call. If an incoming bird approached the
wrong nest {this frequently occurred), the nest occupant often responded
with a protest call and dispiay; and if the intruder got too close, with

& scream cail. In extreme cases, the incubating bird came off the nest



to drive off the intruder.

Following colony upflights or when individual nests were
infraquently left unoccupied, returns were usually made directly fo the
correct nest, Circling or hesifancy fo land was attributed more o the
bird's reaction to disturbance. With the nest uncccupied, the returning
tern weuld have to rely on the nest site gestalt {nest contents having
been ruied out for the egg stage; for its recognition cues.

Instances of mistaking the incurrect nest when the nest was already
occupied may be indicative of the incoming tern not using the physical
sefiing of the nest as its main cue for recognition when the nest was
aecupied, (Otherwise, there showldn't be a difference in the ability to
find the nest whether i1t was occupied or not. Insiead, recognition
signals between mates were being used and when these failed the
incorrect nest was chosen. The high noise levels of the colony may have
contributed to this. With high rest occupancy during the incubation
stage {the eggs would be visible a minimal amount of time}, using one's
mate for recognition of the correct nest would have high selection

prassure,

Chick Becognition

For parent-chick or chick-parent recognition to cccur in a species,
there musi be a selection pressure cgusing its development. Colonality
by itself is not sufficient {Be 8lc}. Circumstantial evidence {i.e,,
chicks Jocation} may be all that is necessary to ensure care of the
correct offspring. Intermingling of chicks, however, when parental care

is still needed, would meke some form of recognition essential {Be 8ic).



Forster's Tern chicks were not observed to form creches after
teaving the nest site. Their parents tended them in Joosely defined
territories behind the colony nest sites. Intermingling, if it occurs,
mRY net be extensive. However, the movement of chicks to water as a
group, observed on June 21, may indicate & potential for creching
behavior. If the recognition process is facultative (i.s., dependent
upen prasent environmental conditions and not on selection pressures
acting throughout a species evolutionary past) for this species, it may
be capable of recognition, yet not have shown it in this study. Beecher
has described this concept of facultative recognition using gull species
as an example {Be B8la).

Considering the sbove, the limited results from the chick
alteration experiments allow only tenusus conclusions. The early
mobility of the chicks (Table 15}, especially as exemplified by the
permanent movement of the two day posi-hatch chicks away from fhe
original nest site, would tend to meke it necessary for some form of
recognition, iF it occurs, to develop within the first day or iwo
foilowing chick hatching. Brood movements, where chicks were moved out
independent of each other, appear fto rule out sibling recognition as
necessary prerequisite to this movement.

The results of the chick alteration experiments would tend to
indicate thal visual signaturss, at least at this stage, are not being
usad by parents to recognize chicks. Buckley and Buckley guantifisd the
variation in Royal Tern chick down and soft part {i.e., bill, legs. and
feat) colors showing their value as a signature system, but one that may

be supplemental to a vocal system {Bu 70). Beecher later quantifisd the



information capacify of the Royal Tern chick down and soft part system
{Be B2). For this species a visual recognition system is feasible.
Buckiey and Buckley also pointed out that because Royal Terns nest on
istets free from mammalian predators, the coloration system is not

neaded as a protection from predation and that 1% could have evolved as

+H

& resyll of selection pressures for recognition in a creche forming
species {By 70).

The value of the Forster's Tern chick's physical appearance as a
signature system cannct be evaluated since the chicks were not
guantified as to their color variation in this study. The chick
appesrance can, however, be evaluated gualitatively as an anti-predator
device. Chicks were at fimes difficult to spot even when they crouched
in the open {see Figure 11}. Though the islands of the Hanford Reach
are generally free of ground predators, the normal nesting habitat of
the Forster's Tern is the marsh {Be 21 and Mc 71}. McNicholl found mink
to be an occasional predator on Forster's Terns in this enviromment {Mc
7i}. Since Forster's Terns alse nest in association with aerial
predators {e.g. gulls) the selection pressure for chick coloration {and
perhaps egg) for cryptic purposes would be strong.

Since Miller and Emlen concliuded that in Ring-billed 6Gulls
recognition by parents of chicks was by visual means {Mi 75}, it would
be interesting to quantify the down and soft part coloration of Ring-
bitled Sull chicks %o ses if this signature system had the necessary
information capacity.

Chick comportment cannot be discounted as contributing to the

recognition process as discussed by previous investigators {Be 79 and Mi
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. Three cbservations from this study, however, on adult reaction to
chicks present conflicting data. Firsi, on the day nest No. 29 started
moving tts brood, the thres day post-hatch chick did not leave the nest
yicinity at the same time as its clder sibling {five days post-hatch).
At times it was unatiended by gither parent. AL one point the chick
wanidered from the nest area and into the nesting area of nesi No. 28,
The adult on nest No. 28 came off the nest wher the chick got within
about 0,75 m of its nest and pecked at it twice. The chick immediately
crouched; it had been erect and vocalizing to this point. The adult
then ignored the chick. Second, the unaltersd chick in the chick
aiteration experiment at nest No. 58 was pecked by the aduit when it
first approached the nest. Third, and also occurring on the day of a
brood movement, involved a nest of three chicks {No. 7). An adult that
had Just returned to the nest site appeared agitated. The chicks were
scatiered about the nest site and began approaching the adult, who
responded by pecking two of them. The chicks immediately crouched and
ware ne longer pecked.

>

{eie of the Fish Call in Recognition

If a visual system is ruled out, albeit by Timited guantifiable
resuits, then what recognition mechanism s at work? The most plausible
system would appear to be a vocal system. Numerous investigators have
identified vocal signature systems as the key to a recognition process,

The question then becomes: In what direction is the process going? Are

[

hicks recognizing their parents' veices and orienting their behavior
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accordingly?  Are parents recognizing their chicks® voices? Is the
system mutual?

The fish call of the adult is a possibie identification call.
Though extensive quantifiable information could not be obtained From the
¥ish call sonagrams, the form of the call appears to lend itself fop
use as a high information capacity system. In some respects, its form
i5 similar to the fish call of the Sandwich Tern, whose possibie use as
& recognition signal has already been quantified {Hu 68).

The Figure 4 fish call sonagrams allow scme subjective
interpretation. The first and second pair of calls appear to have been
by different individuals, with the same individual making each call of a
pair. Individual identities were not confirmed for the calls that are
similar {i.e., each mate could have made one of the calls}. Further
data would be needed to identify what features of the call are important
for recognition. The sonagrams show frequency and temporal patterning
but not amplitude changes. The first two are probably of most
importance for the Forster's Tern.

Some species of birds have been found to have guite discriminative
time resolution (Wi 75}, implying that temporal patierning can be usad
affectively for identification. The high background noise asscciated
with colonial nesting may favor the use of temporal patterning {Fa 82).
For a bird that calls often in flight, as Forster's Terns often do when
returning fo the nest, a short duration call may alliow for effective
communication.  For short calls, frequency siructure alsp may be
imporiant for providing identification cues {HWo 78,

The few sonagrams made from Forster's Tern chick calls give littie




indication of being useable as & signature sysitem. A chick vocal
signature system needs further investigation. Barhaps the chick bagging
c211 serves as the signature system since it is a response to the fish
cail, Alternately, selection pressure may be only on a chick-parent
racognition system. The chick may not be under any selection pressure
to develop individual identifiers, visual or auditory. The chick’s
racognition of its own parent may be sufficient to ensure its care,

The context in which the adult fish call is used is strongly
indicative of its possible role as an identification signal. In nest
exchanges it functions as & recognition signal beltween mates, A
signature system functioning between adults could also be used in
shick-parent recognition. Whether adulfs and chicks make use of the
same signature system and whether their discriminative abilitiss differ
i3 nol known.

tise of the fish call when returning to the nest with food continued
and increased in frequency with chicks present in the nest. The fish
£all wocalization continued after landing, as the parent searched for a
recipient for its catch. 1t became the predominani call heard by the
chicks in relation to their parents. Ifs association with feeding would
tend to strengihen the call’s use as parent-chick bond mechanism. The
chick associates feeding with a particular call given by a particular
adult {Ev 80).

Following disturbances and when broods were being moved, the adults
used fish calls to attract their chicks whether or not they had food to
c¥ffer. The chicks appearsd to orient towards the vocalizations. If the

nest was still occupied, the adult would give the fish call while
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sitting in the nest, with the chick returning the call in an antiphonal
axchange, Since following & disturbance, an older chick may not return
for a period of time {see previous comments), it is not known what
triggered the adult in initiating the fish call. For brood movements
the zduit would either circle overhead orienting the chick to a
particuiar direction of travel or even proceed on foot ahead of the
shick, In both cases the fish call was given while leading the chick.
When first appreaching the chick following a leading exercise, the pair
pond cail was also given. From the foregoing gualitative information, a
strong argument can be made for the adult fish call functioning as the
signature system by which Forster's Tern chicks recognize their own

parants.

REACTION TQ DISBURBANCE

The basic result of disturbance was that it kept a nesting pair off
their nest., Had this occurred during the egg stage and during hot
weather {with clear skies}, the eggs could have overheated. Colder and
wetier weather was a problem for the chicks, at least while surveys kept
the adults off their nests. Colder, wetlter weather occurred when the
chicks were just beginning to hatch in significant numbers {early June -
see Appendix Figure 1}. The chick mortality rate was the highest during
this time, probably due to the inability of chicks to thermoregulate.

The initial purpose for the surveys in the other two colonies was
to determine 1f my presence at the main study site was causing a higher
than natyral chick mortality rate. I expected to find lowsr rates of

mortality at the other colonies. The fact that they are comparable may
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be dus to 2 number of factors, but excludes investigator disturbance as
the surveys were relatively brief and in milder weather.

The downstream colony on lIsiand Ne. 18 experienced constant

isturbance pressure from the adjacent gull colonies. Qbservations at
the main study site {with less gull pressure} indicated adult terns
spent 2 large amount of energy protecting their eggs and chicks from
qull predation. The terns generally reacted to a guil fiight through
the colony with a mobbing response. This response was judged successful
since egg predation was not observed until the colony was reduced in
number {six nests left}. The gulis could then be bolder as there were
fewar terns to defend the nest sites. Dirsct chick predation was not
observed. The increased gull presence at the downstream colony appeared
to cause some chick mortality. This was due to nest inattentivensess of
the adult terns. The gull presence also appesred to affect brood
mobkility cut of the nest areas as older chicks {week or more post-hatch)
were Tound within the nest areas during surveys,

Chick movtaiity at Island Ko, 19 may be inaccurate dus to the small
sample size. Additionally, the colony may have been comprised of terns
that were Forced from Island No. 20 due to the expanding gull coloniss
and renested in less suitable nest sites. The sparse vegetation
provided less cover and the colony appeared to be later nmesters. The
colony could have also been younger birds, nesting for the first time,
with the lower breeding success characteristic of young birds. No more
than two live chicks were found at any one time on this island during
SUPYEYS.

Forster's Terns are easily disturbed. I freguently observed the
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colony, either all or part of i%, engage in upflighis. These occurred
in reaction to a disturbance by either the inQesﬁégator, gulis, alarm
calls of other bird species, boat or air traffic, or in many casss to an
unknown cause. During an upflight the adults would Teave their nests in
ynison, circle the area briefly and return., Individuals and even the
entire colony returned to the nests at different rates. The tendency to
igave the nest and the rate of the return were affected by the level of
the disturbance, the state of the nesting cycle, and the weather, In
general, adults which had chicks ready to hatch tended to “sit tighter®
and return earlier. Hot weather had a similar effect.

When I approached the colony each morning, the distance at which
individuals flew out to protest my presence decreased as hatching
approached. McNicholl {Mc 71} found similar results for ihis species.
The investigator effectively represented the only ground moving prsdator
that the terns had to deal with at the main study site.

During the actual surveys, the agitation of the entire colony increased
as hatching neared. UWhen there were only eggs present in the colony,
the terns tended tc circle high overhead and give the

protest call while I did the survey . With chicks in the colony,
begging calls {initially cbserved associated with just gulis) were used
and 10w Swoops were made at my head. The aggression level didn't pick
up significantly until the lone Ring~billed Gull nest’s eggs began o
hatch.  The adults at this nest consistently harassed me while I was
putside the blind even when some distance away. The tern pair at nest
Ko, 7 started hatching chicks soon after this. This was the only time I

exparienced direct physical aggressicn from the ferns. The adultis} in
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this area of the colony would hit me on the head with their feset and
give the attack call as they passed through the botitom of the arc of
their dive,

Reaction of chicks and adults with chicks is another indication of
the impact of human disturbance. Forster’s Tern chicks are highly
mobile. They are capable of walking and leaving the nest temperarily
when 1ess than a day old. Permanent movement from the immedialte nest
area ooccurred a few days later. Buring this stage I noticed that at
ieast threeg adults at nests closest to the blind showed agitation
towards the presence of the blind on the day of movement. Additionally,
it appeared that adults nesting closest to the bhlind tended to move
thair chicks at an earlier age. This impression wes gained by observing
the manner in which the broocds were moved. The younger chick, usually
two days post-hatch, tended to lag behind its sibling{s) and was more
hesitant to Teave the original nest site. A parent remained behind and
tanded 1L and in some cases wasn't successful in moving it an

appreciable distance until the next day.

MANAREMENT CONSIDERATIONS

Table 11, which shows comparative data on ¥0rsfer‘s Tern active
nests counts on the Hanford Reach, indicates a significant decrease in
the total amount of active nests and in the sites colonized between 1385
and previous years. The absence of & colony on Isltand Mo. 20 has
aiready been discussed as being due to the expansion of the California
and Ring~-bilied Gull colonies there. Forster's Tern adults were seen in

ihe yicinity of Isltand No. 20 in early May: however, no nesis were ever
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seen established. Nesi counts of the qull species were not made, 3¢
that direct comparisons with the data of Thompson and Tabor [Th 81}
cannot be made. S5ti11, qull nesting appears to be increasing.

in general, vegetation around the gull nests was more open and was
noet indicative of an Absinthe dominated plant community. Intrusien into
the previous Forster’s Tern colony area on Isiand No. 20 was by late
nesters and may have been into habitet less preferred by gulls.
Ca?ifﬁrnia Gulis typically are the first to establish nest sites among
ihe Larids. Ring-billed Bull colonies tend to establish around the
fringes of the California Gull colony closer to the water but stiil well
above it. Forster's Terns ars the last to estabiish nest sites and
generaily nest closest o water {R. E. Fitzner, pers. comm.}. Flooded
Forster's Tern nests on any island were not found and 1t is not known if
any of the gull nests on Island No. 20 were flooded; however, being on
the tip of Istand No. 20, they were the closest gull nests to water.

Increasing gull populations may continue o cause a loss of
suftable nesting habitat for the Forster's Tern., The late nasting
Forster's Terns on Island No. 19 {pussibly emigrants from Island No. 20)
appeared to nest in less preferved habitat, even though they did not
have to contend with an extensive gull presence. Table 11 indicated
that a Forster's Tern coleny has previcusly existed at the Wahluke Slope
mershes as late as 1983. This arsa was surveved on June 25 with the
belief a colomy would be present {possibly supplemented by individuals
emigrating from Island No. 20}. HNo Forster's Terns were found. The
previous two winters were possibly detrimental to the marshes’ fish

popuiation, reducing the immediate food supply {R. E. Fitzner, pers,
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comp. ;. Though this is possible, Forster's Terns are capable of
traveling to the Columbia River fo feed. Another possibility is
agricultural chemical contamination of the runcff water entering the
marsh, The overall drop in nesting pairs, however, could be the cause
of the lack of a colony at Wahluke Slope and be indicative of a decreass
in the number of adults that are relurning to the arez. A number of
cause and effect relationships are possible. The lack of suyitable
nesting arveas may be causing a vreduction in returning terns.
Alternately, the lack of returning terns may be allowing "fringe®
nesting gulls té ytiiize sites of a less suitable nature for gulls.
Pessibly, a certain number of terns may effactively establish and
maeintain a colony against expanding gull colonies comprising a later
nesting cantihgent,

If site tenacity as described by McNichell {Mc 75} is truly &
characteristic of the Forster's Tern, then a reduction in breeding pairs
couid alse be due to previous declines in the breeding success of the
Hanford Reach colonies. Tc'suggart this hypothesis, it would be
necessary that the nest habitat conditions not have changed.
Specifically, the nest habitat remains suitable for the rearing of
broods and is not the reason for decreased occupancy. To be compiete, a
possible change in the survivorships of adults and young after leaving
the islands would also have to be considered as a factor in the
popuiation decline, unrelated to conditions on the Hanford Reach.

I have no data that relate public access to the Hanford Reach
islands and breeding success of Forster's Terns. Frevious investigators

have indicated the detrimentsl effects on Canada Geese of public access



81

when allowsd during the breeding season {He 71). There i3 3 potential
for the human presence to ssriousiy disrupt the bresding cycie of the
Forster’s Tern, The causes of nest abandonment have not been determined
by this study. Roughly a guarter {21 of 81} of the nests at the main
study site, containing at least one egg, were abandoned prior to the
compietion of incubation. Such data were not taken for the other two,
tess disturbed (by the investigator} colonies. Though direct desertion
caused by human disturbance was not observed, it dis possible the
activities of the investigator at the main study site simulated the
disturbance pressurs of the gull colonies on the other Island No. 18
colony.  The similarities of chick mortality rate between the ftwo
coionies probably indicate this similarity. The unlikely altermative
would be that onily natural mortality was at work in both colenies and
the results at the main study site were independent of investigaio
DrESence.

The nesting chronology shown in Figure 9 indicates that hatching at
the main study site was completsd before the end of June., Within two
days of the tasit hatching, all the chicks had moved to locations betwsen
the shoreline of the island and the original colony nest sites. From
the biind, the chicks were difficult to spot. This movement from the
retatively conspicuous nest sites to the cover of the shoreline Absinthe
community, apparently provided the mobile chicks with a relatively safe
areg to continue their development until fledging. The inadvertent
driving of chicks into the swifi river current on June 21 illustrates,
however, their extreme suscepiibility to disturbance by a land predator.

With the first confirmed fledging cccurring on June 28, the hulk of
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the chicks would not reach fledging until after the islands wers apened
to public access (see Appendix Figure 1). This condition could be a
major factor in the declining population of the Forster’s Tern on the
Hanford Reach. As an aid to improving the breeding success of the
Forster’s Tern on the Hanford Reach, strong consideration should be
given 1o extending the restrictions on public access on, as a minimum,
fsiands containing Forster's Tern colonies. These restrictions should
be at lzast until July 15, or until the majority of the chicks have
fledged.

Additionally, it is recommended that water samples be taken in the
marshes of the Wahluke Slope and analyzed for environmental pollutants.
The fish population should be surveyed to determine its potential as 2
foud source. These twe measures may aid in identifying possible causes
for Forster's Tern abandonment of the marshes. Because of the loss of
tern nesting sites on the istands {due to the expanding gull
populations) it may be beneficial for the marshes tc be restored to
suitable nesting habitat for the Forster's Tern.

Finally, to better quantify the Forster’s Tern populatior status,
at least annual nest surveys covering other possible colony location
sites in eastern Washington, should be performed. Accurate SUrvVeys may
indicate Forster’s Tern population and distribution changes beyond the

2

capability of this study.
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CONCLUSIONS

Ferster’s Terns, nesting on cobblestome istands of the Hanford
Reach of the Columbiz River, show no ability to recognize their own
eqas, as shown by substitution trials and alterations of egg markings.
The ground coloration and markings of the eggs are hypothesized o be
for cryptic purposes. Parent-chick recognition capabilities are not
conciusive, Observed problems with investigator disturbance of the main
study colony and other factors such as early chick/brood mobility,
preciuded the gathering of anything but Timited experimental data.
Stitl, the results of two chick alteration experiments appear o rule
out recognition by visual means. It appears an adult tern may use nest
site gestalt features and recognition of its incubating mate to ensure
it cares for the correct offspring in the egg stage and initially in the
chick stage. For the chick stage, parent-chick recognition, if it
accurs, should occur prier to the ocuset of permanent brood movement or
within the first few days post-hatch.

Quatitative and limited guantitaltive data gathered on Forster's
FTern calls indicate that the most likely mode of recognition in this
species is by vocal means. The adult fish call appears to contain the
aiements nesded to function as & signature system. ts use in
situations such as bringing food to a mate and chicks, teading chicks,
and nest exchanges, point to its use in acting as an in&ividu&%
identifier. The reaction of chicks to this call would suggest that
chick-parent recognition occurs by this mode.

The Vimited quantitative data gathered on chick calls did not show
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characteristics anticipated to be part of & signature system. The calls
recorded were probably disturbance calls and not selected to function as
iée&tifiers,‘ General chick comporimest and specific reaction to an
adult’s signature may be the means of parent-chick recognition for this
spgeies.  Cholce trials involving playback experiments are suggested as
& means for tesiing parent-chick and chick-parent recognition.

Nest counts of Forster's Terns in the Hanford Reach indicate a
significant deciine in the population of this species in recent years.
The decline is hypothesized to be due to a possibie combination of
factors. California Gull and Ring-billed Gull population expansion
appear to have displaced Forster's Terns from preferred resting habitat.
Aise, human access to colony sites during critical periods of chick
development could, through disturbance, be causing a reduction in the
Broeding success of the species, The bird's reaction to the human
presence and specific behavieral reactions [i.e., older chicks
{pre-fledges) head to water upon disturbance] make it highly susceptible
to disturbance pressure,

It is recommended that access control on islands containing
Forster's Tern colonies be extended a minimum of two weeks.
Additionally, the Wahluke Slope marshes should be evaluated as to their
suitability for Forster's Tern nest habitat. Such ar svaluation should
determine the ynderlying causes for previous Forster's Tern abandonment
of the marsh and identify the necessary corrective measures for
restoration. Finally, nest surveys of at Jeast a yearly nature should
be performed to better quantify Forster's Tern colony size and

distribution throughout sasiern Yashington.
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Defining & chick’s age:
in order for data relating %a a Forster’s Tern chick’s age to be
used for comparative purposes, & chick's age in this study was defined
as follows:
1. Chicks found with down still wet, but no shell present in the
nest, were considered to be one day post-hatch chicks.

2. {hicks found in the process of hatching or still wet, with the

shell still in the nest, were considered zero days old.
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Appendix Table 1. Egg Dimensions®/

Nest Ne./Egg No. Length {mm) Max., Diameter {mm)
7i/1 44 .85 30.85
2 44,85 29.80
3 43.18 30,70
84/1 43.00 30.80
2 43,80 30.68
8071 41.85 31.78
§7/1 43,25 29.40
54/1 40,88 30.75
Z 44,20 31.00
4471 42.55 30.40
2771 45.35 3¢.85
i 43.55 33,18
i/ 45,45 3G.75
Range 41,88 -~ 45,45 £29.40 - 31.75
Vear 43,50 + 1.37 2 30,61 ¢ 0.59 %)

9%

ij MoNicholl {Mc 71) reported mean values of 42.9 mn in Tength {range
33.5 to 47.0 mm) and 30.9 mm in width {range 29.0 to 32.5 mm) for a
sample size of 158 eggs.

i Ore standard deviation.



Appendix Table 2, Hatching Interval Within a Nest {Three Egg Clutches)

Samplie Size i
fays: 2 12

3 4
Mean 2.3 1

i} Laying interval for a three egg clutch, based on Timited data,

appeared to be approximatley an average of four days.

Appendix Table 3. Day from an £gg Stage Until Chick Zmergence

Stage Early Pip Pin Eariy Ring Ring
Sample Size 58 i7 9 3
Days: <1t 1 - 2 -

1 8 16 & 3

2 26 1 1 .-

3 15 ~ -~ -

4 & - - .-
Mean 2.3 1.1 8.8 1.8
1} From the first observation of the stage until chick emergence took

iess than a day. For the egg in early pip {first found at 0630) a

chick emerged less than 5.5 hours later {found at 1150).



Appendix Table 4, Days Between Egg Stages

Farly Pip
Early Pip to Fariy Pip Pip to Pip to Early Ring
Stages to Pip  Farly Ring To Ring Early Ring Ring o Ring

Samplie
Size: i3 10 2 i 2 1
Days: <1 - -~ - - 1 1
i 8 3 - 1 1 -
2 1 4 2 - - -
3 3 3 - - - -
4 1 - - - - -
Mean 1.8 2 2 i <1 <1
Appendix Table 5. Average Incubaiion Time
Sample Size Average {Days) Range

£ 23.8 23 - 28
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Appendix Table 6. Parental Activity Frequency During the Chick Stage

Oidest Chick Age

{Days Pgst-Haich) H 2 3

e, Mests 15 7 3

N5, Taliies ) 275 110 50

Brooding - 42 ga9 94.1 95.0

Standing -2 2.0 3.2 4.0

Feeding -2} g9 6.0 1.0
A

ot in Nest Yicinity - 457 2.2 2.7 5.0

8

1} Surveys of parental activity freguencies were by scan technigue (Mi
75}, normally twenty times a day.
2y Hormally each scan observation of a nest repressnted one data
point, If both parents were present at the nest site, however, the
data point was halved fo account for the activity of both parents.
Though this apprcach may introduce 2 small bias into the data, it
was necessary to account for a condition such as: one parent was
feeding a chick while the other was still brooding.

The percentages are in percent of total scan tallies,



Appendix Table 7.

Chick Feeding Freguencies

Nest Ko,

Nest Status

Time period Altempis/
Observed Freg, /Hour

Number of Feedings

Total

Totadl

tncor-

Successful/ Firmed

Freg, /Hour

Attempls

39

5%

3 chicks: unknown
ages, however,
oldest not more
than 3 days post-
hatch.

2 chicks: both 2
days post-hatch,

3 chicks: 2, 3
days post~haich;
1, i day post-
hatch.

1 chick, 1 day
post-hatch.

2 chicks: 1, 3
day post-hatch;
i, hatching in
progress at 0738,

1030-1400

0805-1035

0888-1225

2800-1030

0800~ 1000

6/1.7

12/74.8

2/¢.8

3/1.5

2/8.86

2/0.8

S/4.8

1/¢.4

/0.5

1

™y

Fesdings occurred at 0945, 0583, 1004, 1034, 1134, 1139, 1143,

1148, and 1217 with additional attempts at 0817 {fish too big for

chick}, 1019, and 1159.

Anothar feeding cccurred after the

chservation period ended at 1237,
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