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&l % | - abstract -

& small insular population 'af nesting Spotted

ndividaals; was ‘studied dunng"the summers -of: 1979 and

- 198d. Daily. cbservations were mide from late May'when
birds first arrived through mid-July when mest.eggs had
“hatched. Some individuals were coloyr banded or

‘otherwise marked. During the two seasons 31 hests were
located and histogies ;.eaulting. from daily observations

at these nests are summarized. Contrary to réports of

some researchers (e.g. Oring & Knudson 1972)," perceived -’

size differences and plumage markings in this

servations were nde at nests

population did not alloy reliable determination of sex
in the field. thonnvexp

H une:e one or koth And!vniulls were marked to deéemme

whether ong o: tgoth _gaix members participated in clutch 3

-itaimr act'iv&tiél. Marked individuals were
~

and bxned

also foll.oved when. oft bhe nest to assess use of

feedmg_nnn._ni_u lu(ked (enalal,_m_nm knoun_r_n—

mate \uth multiple males and uome details of these

xelat‘ioﬂshipn are pr

ented. Aggression was' rare and -

seemed to occur primarily in situations where existing

pair relationships were challenged or in instances of »
“mate -defense." Territorial behaviour by males and

,I\
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Example of P umage dimorphinm. p\\otu-

w0 i
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Vi Polyandxy ( re ma«/mg ‘systén vumong birds and : L

[ i
has ;been Obsetved in less «hqn 1\ of- specieSv studied
'/(Luck 1968; Jerini 1974} -oring ° wﬁz). T ies most".

gel eral nsaqe polyandry implses!a mannq system in 2

. 1969, mgvezs 1972, Jenni 1974, Gzah geruckson &t
Mock 1977, mnenbexgez 1979; onng :1982) oumg co S

anomalxeu associated gith cn¥se matmg sys;ems, ey

mal.es have ﬁn mc:eued role in perental care. and

femuas ‘tend ko bs\.}jtger and more aggtessave than.;

\ma'lei (annx 1974).» These an\i uthe: related factuts

. have made the stu.dy of palyandry useiul N .:: T »

understmdxpg zexatwnahipa bet‘ween sexual' selectmn. s -

sex :ole /sexual

ismip ot - ard 1 "

mating aystams.

'ﬂ\a study of watmg aystems cove:s a btoad rangg
' of topics as mdu:a(:ed by the’ det.inimon nquested by

Emlen and, Onnq (1977 222) inatin‘g system fcx a)




(i) n.u-bez "of mates ,pcq;uxeé:

) g af late ndﬂuxaiticn, (1i8) and istics ; i . 3
i P " i af any pai s and {iv) 2 . o‘t, “dare: .-, N
S p:ovmed by - each sex. . .. ¥ o g o e
Attenpts “to ‘deﬂno nnd classify nnng Systems~ L VD LT
] EY - have. nhea heavily on the concept  of, pai gt " ol

(oxxans 1959, seunqez 1972; Brown 1975 wittenberger ., Pros” =™ e

o) R ldm. Jenni (1970) suggested that most vettebzate :

A 7 gau-bondl. :l'ha utnaty of :ms pas:-hqnd oncept for

S cu-uzyan mating systenms hus been Iimited becauue us o

dlfﬁxculhel in !utlﬂluhlng an’ npexatxonal defxmnon g

of Lhe cern, dlﬁfetences in pau-bomhng t-lanonnhlpi : e
Al i “across species anr] a lack of detuled observations ‘on

, “.pAit-bonding bﬁhavxour. " : g 2

;Several alternative cntena "for clalalfylng gy

nntxng syn:-u have been lqu"ted. Emlen anq onnq

L hoi 7 I(1977) described how mating systems [might be TEE e Sl .

ok . car.agonxed according to the’ ecoxoqxcu and behavmntal #T e

! 5 ot pq:enh 1-of 1nd£vidu-u to unopouu mates and the

-nans khmuqh which mnnopouzunan tuk,aa placa.




ce:tain mating systems (see kang 1982) . Alternauvely,
some authofs have suggested that the most “relevant
blassificnticn for ‘mating systems’would be made on, the

basis cf genetic apiteria: i,e., which indxvxd'uus

contﬂhute gameths to:which :ygotes (Txlvexs 1972;

"Ralls 1977,,\Hade & Arnuld 1930). Such information 15

llouever extremely difficult to Yiollect in the fisld

i

_(T:xvers iy, 0 S 8 "

w8 [ s
spotted Sandpipers. (Actitis macularia) were one of.

“ the first avian species documenc’ed ‘to practice -
- polyandry on the basis of observations’ of )ndxvxdually

maxked birds (Hays 1972). These small shcxebx:ds of “the

: famny Scoldpacidae ‘breed much of North,
«i America.’ Mating sczategies employedéby individuals of -

Y this species are flexlble (Jemu 1974; Oring & Maxson .

~-1978), and both monogamy-and polyandry may occur -in the

same breeding population (Oring 1979) . Pclyaﬁdzous .

females typically mate with and p:oduce a clutch for

¥ -each male.in sucgessioh and' share .incubation and brood”

"tending caré only with the last male (Hays 1972).
. Among polyandrous specles a distinction is’ | .

commonly made hetween What have been called

simultaneous and sequennauy (ox aerully) polyandrous

systems' (Hays 1972; Jenni 1974; Graul et al. 1977;

F

i

i
i
i
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oring & Maxson 1978; Wittenbsrger 1979} uxxng 1932).

This, dunnction is buod on the way which pair-bonds

are formed -and mx‘nkulned. In simultaneous polyandry,
Piid-bonds batwien s femalé- and et multiple maies' §
over;ap in tma,, whiereas parz-bondl in anuentiany

e polylndxoul _species are thought to be formed in’
rsucclatxcm without overlap. Serial polyandzy xs mote

typxcll anong Spotted ‘Sandpipers (Hays 1772‘ oring &

Knudson 1972),, am;ough simultarieous’ matiigs. have béeh
: reported (oxinq & uaxnn 1978) . Sach distinctions are
. conplicated by lack of a ‘criteria with Which to measure
- . the strength and duration of p-n-bondxuq "}u-nond

/ chnuctensncu may also vary - connd-nbly among

species; mlkmg comparative 1ntexpzatations ‘aifficult.

Quantitatlve and q\ulitlt‘lva datn on bonding

ol zcl-tlonlhlps ate atlll needed for many sgecxea

1. ) A Inonlmtxon about 5potnd s.udpxp-: uung ystems

has come from.two primary-sourcés: (1) Bays: (1972)

t K\ reported serial polyandry in a small individmally -
{ i marked population breeding on an island in New York.

o B (2), Oting ‘and Knudson® (1972) reported: their

Gbservations of:two small populations of Spotted

" eheir
2y

1=




marsh.pépulation clutch loss from predation was high, = g 5 '
i . ® femalas demonstrated an impzessxv! capacity to zeplace

-clutches and matings were essennany monogamous. "The

/‘ o island population was estimateéd tov h*ve less clutch™—
. predationp’a sex ratio skewed towards\more males
4 " “(relative to the marsh population) and \some females
“' which ‘mated with Ciultiplé mules. Nt +

onng and Knudson® (1972) felt that some
o dxfte:ences —_— their ma:sh a(xslami populasions |
exemplified factors' promoting :ne_eccuu nce of R

- ca 3 . . o Al
polyandry. Spotted sandpipezs may bave evolved a

‘capadity for producing muuxple clutches in response to : i

high pzedatlon, as observed.in’ the marsh populatxon,

and longer breeding seasons in the southern latitudes
where ‘they nest Island populations 'may experience less "3

e p:edauon and as a related.consequenie Have a higher

proportion of breeding males (Oring & Knudqon i972). .

Females with a capacity to produce. mulnp1e clutches

llughc mate with ldditional males when they are

i . v N
#E available and replacement clubche& are' not needad. P b
L ~ * ¢\ sobsequent:vork has shown that .the sex ratio for. . i <%
: ~ e L
K :hg Hxnnesotu ).sland populatwn of spnn:ed Sandipe}:s s Iy X

hadancnﬂ, houever, séx ratio’ may be functlonally skewed

by, ceztaih agg:esuve females cnmpetimvely excluding
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other females from breeding. Hays (1972) zeported that
the sex ratio for her island population was skewed
towards excess males. )

) Eem}ne ‘Spotted Sandpipers are’ ;enexavllvy described

as having more heavily spott¢d breast ma:kmgs and-

being larger than males. Careful reading of the

. “literature,- however; sugqen:s some disaq:eements as to

the magnitude of' these differences (e.g., Hays 1572,
Dnug & Knudsonn 1972; Emlen & Oring: 1977, Maxqon &
Oring'1980) . ‘Surprisingly ligtle has ‘been published on
actual measyrements for esnmatmq size for this :
“species tmaxson & Oringgeas) . \5ucn measurements' aré -

c:itlcal 1n establishing the best estimators of: size

for this species, ‘in \ Fing e du

avail®ble. Some dif in. dexual ai ism

reported f£or this. species could be' due to geographic
vana:mn, and the smpa;:ance of this “tactor is

eviluated in the pze!ant stidy.. In addition, sexual

. digorphism mepotted sandpipers has been. attributed to

sexual‘ selelctxon (Emlen & Oring 1977‘) and quantitative
measurements Hquld?’!llow for comparisons with gther

polygamous species.where sexual selection is involved.




. Observations of puix-hondxng xelationships ue:e studied
; Vil u

The present stidy developed pr{m:ﬂy from a’n
interest in discovering how ui}:espzead and general
polyandry is among Spotted sa'ndpipezs. In an attempt to.
maximize €he pz«;ba';.vility of finding pelyar:dry, a.small
‘island on the. southern coast of Newfoundland, canada, ) RS |
known to. yegularly support a breeding popuxanon of '

\'§porten manapipers ahy 5 He: fres of tervestrisl
bredators, was selected as a study site. an attempt was -\ i

dade to collect information about general ecology, ! ;

< : ; y
would ‘allow for comparisons-with other Spotted .

|
; X B |
reproductive behaviour ‘and social organization that 1 oo ;
’

i

shndpi;:‘e: populations already studied, Information
“’;.bnut sex ratio, extent of sexual dimrphism, instances
of predation and pair-bonding relationships were of = \
special intetest." It wai inxtiauy' auumé chaé ‘some
reasonable estimate of sex rano cmud ‘be obtalned by LG
vxsually,examimng birds as this: procedure had ea:lier
beén used (0ring & knudson, 1972) Such evaluations iebe
studlad in companaon with behaviuuxal observations

(copulations) ,and qunn:uanve measurements.” .

~to attempt to distinguish between ‘sequential and |

simultaneous matings for this species. .




Study Area and Methods
Green Island (45-53 N, 56-8 W), situ_ated at the
entrance to Fortune Bay, Newfoundland, lies 4.8

nautical miles west of Point Crewe, Burin Peninsula

. + " \
- (Figure 1) . The island is oval measuring about 1,800 m

__in length and about 450 m at its widest extent, with an

area of 3.8 ha. The island is bordered by an area of .
large rocks which vary in exposure depending on tide

i . T Lot 3
and sea, conditions. The interior of the island is

ch_azacweﬂ by gently sloping hills which reach

highest elevatiéns of 42 m and 25 m at the east and

west ends respectively. (H{guxe 3). Theze\\xa no. trees

or.shrubs on'the island and tHe primarily grassy
vegetation ra:ely exceeds 1 m in height. In nddinon to
Spotted sandpipers, a large colony a/;éach s

H y 1s ( i leuc ),

Sparrows (Passerculug sandwichensis labradorids),, a

: ~ . . i
pair’ of Common Ravens. (Corvus corax) and a pair ‘of
(Corvus pa

Great' Black-backed: Gulls' (Larus marinus). fest on the

marinus

island. The Canadian Coast Guard mainthins a manned

light- station on the island. With thie exception of two

dogs intaingd by the 1 s, ho' other

terrestrial vertehnte/s are known to inhabit the .
.island. - ¥
2 G
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. A map’of Green Islafid at the entrance to

Fortune Bay; Newfoundland. From Canadian_
Hydrographic Service Nautical Chart No. 4616.
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Lo In 1979 and 1988, £ield work began in late May,
Hhen)bixds first aznved, and continued through,
; . mid-July when most eggs had hatched. To monitor:

sandpiper activity and locate’ nests, one to four. daily

|

i . walks ‘around the ‘island's perimeter were made following
an existing pat® £rom w‘};ichlall portions of the island

Wi GLRIBIE. DUELAY surveys all spptted sandpiper

.sightings and hehavioué (location,, movemengé,

. aisplaying, copulations, vocalizations, feeding, o

aggression, brood tendmg, etc.) were :ecorded ,Surveys

s Vere timed and agsxgnaced check’ poxnts ‘establishéd to
) standardize this procedure’ ohuexvanans were made with
——a7x35 and 10550 binocularg and recorded on cadsetie -
| tapes. Weather conditions’ were noted at..regular
intervals throughout the day. When not 'conducting -
i survéys I. remained at regular observation points_néar
dl,x;es:s with marked individuals and recorfied movements

o and other ‘activities. Individuals wmch\behaved as a

ing in close proximity, -nest searching,

displaying,. couztahip £11ghts, copulations, etc.) were
t : sctutinized for appp:ent diffe:ences An size und deq’:ee
i ) of. spo:nng patleiy on Breast Whenever possibles, Such:
| puxs vere often subsequently observed copulating which

allouad confirmation|of slxuul identities from mount

. /
| ¢ 2
|




i positions (male assumed tq mount). A distinction was
e made between mognting (standing dn back of mounted
bird) and eopulanng (monnts \uth\ tail "tucking

o apparent [cloacal contact) to guat against reverse < X > W i

mountings which have been zepoxted for some species (R.
storer ersonal col mcauon) . only copulal:mns were .
p N r\ -
. considered -as sufficient cnnt‘umanon of sex. ) g

" spotting and. size astxmutxons were made for pairs

. “of matked “individuals of knfwn sex ! Three sub]ectwe' * e

\categozles for breast spotting pnt;ezns were
recognized: heavy (num?zpuu .spots” u:n a tendency fer
Bpots to be large, reachirg® approxl;ﬂataly 3-5amin |

dumetex), Light" (few.spots with a tendency fo:'spots

to be small, approximately 8.5 - 1.5 mm diateter) and’ .

. intermediate (all instances which could fiot be assigned

to heavy or light'citegorfes with confldencej, Size and’

spottlng evaluatzom were made only \whan two birds were

in close proximity (withm Z Il\ udile) and angaqad in

N . some’ neutral ﬁ;ti,vity (exg., feeding‘, p:eanmg, . o=

“sleeping)). Reiativefize éstimations| involved & simple

% visual attempt 'co determine whether ‘one bird was : 8

notmeably larger. N 1

J Bmls were trapped with flush: ' nbts {Kagatise 1979)

i at the neut, by ‘stalking, or wlth mist nets while : L
[ .
| ;

T




brogding young. _Col“mlr bands, U.5. Fish and 'wudufe
seryice bands ‘and color narkings (bioogical. dyes,
. Dixson Redimark) vere used to mark individuais. Because
colour leg bands were not ynsxblle when b:.zn?a mc_vvsd/
through grass or when flushed, additional colour
markings wete mhde on ‘the neck. and/ot flanks of trapped
birds. Adults were a1 weighed (Pesola spring scale,
wa 4) and> ‘measurements of wing (carpal joint to distal
tlp of ‘longest: pmmy) , bill and tarsus were taken
wn:h calipers and ruler (caliper ‘and caliper rule,
Laaystte Cofj ruler, HamiltonBell Co.). Only fefale
jreiants taken af ter cluhch completion were used. Chicks
/ue:e also wexghed (Pesola spring dcalea, 189, 20°9),
| measured for tarsus and bili length and banded soon
after hatching. Recaptured chicks were also weighed,
neasured and locations:noted. :

_At each nest the “makimum féngth and. breadth and
veight were recorded for each egg, which was color
narked (Dixson Redimark) for identificationof 1.yxng .
and hatching order. Internal diameter of nest .
depression, maximun depth of depression. hek‘ght of
"vegetation over ‘the nest and cover above the ' nest

i 1of nest _’ Y vegs ion

located above, the nest) vere ‘recorded. Photographs were '




-1 - .

caken of each nest, its egqs and sutroundmg area., Each,
nedt was marked wadﬂ’a numbezed stake positioned 1 m
“auil. AHbkenest avackscen e estimated by pacing. -
When' »ngak_ihg oi:ie:va'tions ‘from a blind, birds were

- pl phed ds they ‘and.left the nest. -

When nests were discovered with an xncomplete

clutch, indxvﬂiual adults were marked at the nest

T umwuc handling ﬂﬁﬁexey & Muellex 1975) to reduce.

risk of desemon. “Wome nesn only one individual '

was marked, thaugh multxma visits to such nnsts E
‘allowed detetminatmn of whethex one or two bxld! were
tending the ne;\t ubuzzvutmm wexe concenctated at’
nests where -both- mdivxdua].s were n{a:ked enly in the
season. X
) ) Results ~
Nesting Patt&Ms. In.1979 daily. obsexvgcion‘n and
‘suz\reys began on” 18 i{ay. sfwtted Sandpipers were first
seen on 23 May when three' sauta:y birds were observed
feeding on £he shore, .on 4 ~and 25 May, in addition €o
solitny b:.:ds seen feedinq along coastal” ateas, 'bl:ds

were seen feeding in. pairs (i.e., tun birds movxng

- *, together in ‘zr].oae p:nxi{nity while féeding) among the




rocks dnd at times moving into grassy areas further - : .

! - inland and,participating in nest gearching activities

Lo ’ ire., tho birds ‘walking clogely together tnro{ign

‘grdasy uland areas in crouched posture with rumps

ellvated, head and. “eck hweze and mte:nuttently .

i | i - scraping g:ound thh Eeet). Al Nush (psuonal

commumcanon) has obsetved ewo iema;te Sputlfed te

. , ©. Sandpipers mvalvad in ‘an mtexacn n wma:h 1ose1y . £ty

June 3 :' 4 f

i e unxveys gontinued to inc(ease maduy,,u:a:u

“-when ‘a lteady decline in numbers began, sugdesting that
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Nesting | Recbzds of Spotted Sundpipe:s on Green' T'sland,

: Newfoundland duritig, 1979

X nest ', . . : clluteh . _hatching ~
© o+, o # female mal mnmnon’ cmnp1etmna date success .
' S m/cbb cm/cb 3 gune’ . 6 gune " abandoned : P
o 2. cem o Jemdio 5 gunef ! Bune T 1uly, L v
i 3 em 9 13" June : WU T e
: GE TP e/ 11 Jutie 15 June'
Bl . ' e T 9. June® 12 June®
! 6 lem/cb em/ch 16 JuneS - 13 JuneC
HR AP PR 31 June e
B 1.8 ‘18 3 ;
~ 9 20

o1z - em/eb: © i 8.gune® [ 11 i :
113 cn/cb | cm/cb *11:3une"’ 14
wf i 2ol i :
. 221'day ‘incubation.and 4 day egg laying perisds were assumed R

for -estimations when: exact dates were’ not known s | g %
am' =’ colour marked, cb”="Goloyr banded ', i, R
Cestimated fiom known ;mtcmng date ¥ i i

¢Jncub.nng bird photog:aphad extenaively for

")

identificdtion R T .

©found and.accidennlly desttayed 24 June :
108t to predation 2 July




Ta2dl rlays for culculaticns (e q., to esumate cxutc'h

. and. complet:ad (4 «eggs) abau\: ‘g June.vr’l'he thxee v

For seven 'nests incubation. (interval between last

‘égg _llaid and first egg hatched) required 21.75 days

_(zange = 21 - 23 ﬂaya‘). Some nests’ requiting longer

incubatlon periods (e.gi nest (/80 took 25 days) C B

showed sume signs of dlsmxbance, i.e., kggs were

fzequen.tly found cold. Because the pattérn of nest

che:ks used in th:s study w¢ ul.d tend to, ovetestimate

xncubatxon penods, mcubatxon was 'assumed to xequlte

ccmpletion dates Etom hatch dates oE nests found with'

cumpleted clutchesl 5

re 3. ’l‘he mean (..s

as appxo)umate nest agacions) was 89.9 £.5893 m; e
first known Euccessful nest wa,s 1n1tiated, about 4 Jnn?

addltlonal b!nods f:om \Indetected nests were disccvezé

on 3 July (One adult, thzee chicks), 7 July (one adult,

fouz chlcks) and July (:uo adi 1Es,' three chlcks). ki ’ i
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“Figure 3., "Map of Green xshand and neits studied during
+1975. circles decae. locntione of nests i

discovered Sl hatching. Locations wheie

. broods from undetected nests were first.dis-
" covered are indicated by Xs. Raven Cove -
(R.C.)’ and’ East Cove (E.C.) are indicated:
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° A. Nash personal co-umcannn).
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known nests in 1979 was therefore 4.77 nests ha~l
(17/3.8) . Breeding chronology arid hatching success'data
for nests under observation in 1979 .F. summarized in
rable 1.” Additional information on sekual
identification and pairing behaviour of birds tending
these nests-is summarized in Table 2. -
70 study nest attendance. diring inr;ubunlon, most

nests were visited at L‘eaac once or ‘twice datly and

“!incubation by a amgm individual was inferred only

ufter a mmmum of seven nest vasxn where ‘the same

marked and positively 1dlnt1fied individual was found

on_tne nest. Mos ch decisions were based on

considerably more data. There n ome evidence that

females may not: incubate :egulu:ly - but wncinue to

visit a nest intermittently and sit for short peri

in the early morning and/or late afternoon (hays 15723
In'198¢, daily surveys began on 22 May: Op 24 May

the f_ini:' three Spotted Sandpipers were seen feeding

along the shoré. On 26 May birds were £irst feen

feeding in pairsiwith intermittent posturing.and

n copuln:i ng.

coun:n!llp flights. On 27 Hay puzu were s
unﬂ nest seuxching in g:usy areas. On 28 May an empty

nau: scrape was found. As in 1979, durvey counts ‘showed
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Table 2

Pairing Behaviour Obberved for Birds at Study

Nests, 1979

nest copulat- feed posture nest 4 birds U
search T b
1 + + + + abandoned
2 - - - - 1 N/A2
3 oy, @ + + 2. N/A
4 + + + e 2 N/A
5 - - - N/A N/A
6P + + + + 2§ 2 ’
+ * - v2 N/A
!l + - L 2 2
9 - - - = N/A N/A
10 S o 4 N/A N/A -
(11 found (4 eggs) and accidentally destroyed 24 June
12 - + + < N/A
13 +d K + = 2 N/A
14  discovered (4 eggs) 29 June; predatién’2 July
2n/a ='xib‘:ele\vait observations 5
Pthis was a second nesting attempt .\
-“incubation by second bird .confirmed late in season .
dcopilation for male observed ‘in’ 1988 J
X ‘ ' v




inter-nest distance of 82.4 * 20.6 m, The estjmated

" rectangular coordinate systgm with x-axis

_island and random pairs of X ‘Da y coordinates were
X

.campute: generated and used ab

- -2l - < o,

a0 increase in birds until 5 Jule when- numbers began to
decline (Figure 2). During the season evidence of 28
nests was found (17 nests and three broods from
undetected nests). General data on these nests are
summarized in Table 3 and information concerning sex
identification and pairing relationships for birds at
these nests is ip Table 4. Approximate nest and brpod
locations $‘z1 shown in Figure 4.

The shortest distance between any two nests was 37

n (nests 12/80 and'17/86) with a mean minimum %

nesting density for known nests in 19808 na-‘thezefozg

5.26 nests ha ! (20/3.8). Inter-nest distances did not

differ significantly between the two s

ons (£(36) =
.591, p>.10),. and nest density and distribution on
Greén Island -appear quite similar in 1979 and 1986, °
Visial examination of the nesting distribution\in
Figures 3 and 4 suggest that Spotted Sandpipers nesting
on Green Island tend to establish nest sites in grassy
areas near the shore. To telt this xut(;--Q:‘ a
= 215) and

y-axis (n = 275) wi

superfmposed on a map of Green =

‘andon nest locations.’

|
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Table 3

Nesting. Records for Spotted on Green Island,

. Newfoundland during 1980
: ' - ‘ <Lz

F nest _ _—— clutch ching
' . 4. ‘femalé:male Tnitiation completion date succe
. i r

1 ———  cm/ch® 31 May® 3 June® . 28 June 4
! - 2 .cm/cb cm/cb 4 June® 7 June 3@ Jdie 4
: Ve 3 discovered (4 eggs) 18 June; predation 12 June
H e e cm/cb '« 10 ‘June 15 June 6 July /- 4 %
¥ em/cb. 7 Jume® 18 JuneP 2 July 3 -
i 5 cm | 8 Jude® 11 June® 5 July® 3
. em. | 9 June® 13 Juned 5 July 4
em/cb® | 2 Junef 5 Junef  abandoned
- 13 June 18 June =  Jabandoned -
‘11 June® 14 June® . 6 July 4
19 June? (22 June? 14 July® w/af Y B
15 Juned 18 June? 18 Julyd N/
X 14 June® 17 June® 9 July 4
—l = unhatched?
- 10 .ilmab, 13 June® 5 gy 4
em 6 June® 9 June® .1guy 4 T
. 17 cm/cb cm/ch discovered (4 eggs) 26 June; pre-
- .. dation 2 July = .
v . . v '\\};9—-" v
i . Pt
I : ¢
«d ° -4
N - > A
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Table 3. Footnotes.
3om = colour marked, cb = h_ﬂgx banded
Pestimated from known hatch date
Cestimated f;Qm known clutch completion date .
dsex based on wing .and Weight measurements .
Cestimated from énbryo examination”61low-
ing desertion. ’ -
fu/n =no xelevanl: obsgrvations
geutmatad from evidence of hatching

By siqns of hatching on n M. 9 July when last ’

B obsezvatmn made
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Table 4
! Pairing BehavicurObserved for Birds at"Study

Nests, 1980

Co -
1 . o 7
| nest copulat- feed posture nest # birds
\' ion  together :'ogetxge: search -inc\ylbate brood .
) - \
1 - ¢, =7 - TN/AR O N/R : :
2 + + + + bLa 2 ’
3 discovered (4 eggs) 10 Jung; predation 12 June .
4 & e Lo, i 2
5 -, + \ 4. - &« 2 . N/A
6 = + e s ! n/a
7 8- ¥3 LR S 2 7
8  NA ‘N/A N/A N/A abandoned
b 9 2 e “=0 4 . “abandoned |
fhe % S ek - 3 g
11 + + + + 1
- 12 2 e 0 S = =z 7 na
N 13 + + - - 2 H
14 - - - o NA
15 - L ~ - “N/A .
) 16 PN + - 1 - .
17 s LR - 2 .
- @N/A = no relevant observations .

bcnly ‘the male 'incgbntcd until the eggs bag;n. to hatch

when the female also bngan‘ to 1ncubata‘
/ i 5

. . g %
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. Figure 4.

_Map' Of Green Island and nests studied during

1984, Circ es Xndlcata 1ocations af nests
disd vezad before ha:c‘hing. Lhcatxons where

“broods from, undetected nests were
Jpegress ey )

covered. are. indicated By Xs, -Raven Covi

(R.C.)-and East Cove *(E.C.} are-indicated. .

irst dis-
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nesting s

“(points—falling on:i

(water * rochﬂ, buildings, etc.) were amuzd-d), For -

each, nest lgpatmn (random and observed), the lhoxteat .
distance to the shore was ueasumd, actual nest sites =
were signifitantly closer to shore :hnn randomly

generated control !th! in 1979 . (t(!G) = 3. 18, B<. IIS), ”
1980 (t(34) = 3. 35, 2( .805) and,foz both seasons i _ 4 k

combinied (t(62) =" “4.50, pe:

Nesting, data ftom 1979 and 1930 (.'l‘ahlal 1 and 3)
, are .compared’ in'Table 5. 'hble 6 sho\u ‘the xnultn from
nnt viaits any/ntteupts ta debetmna :he mmber of

Ang xn lncubatlcn. and b:ood

individnals ‘partici,
tending. At all four nests trapped atter dark in 1988,
males were incubating. 4

'Hu:eg of four adnlt nﬂes banded on the iuland in

11975 returred and nested in 1989. At 2309 b ox u June
0/G-4 (M(- Sale) was trapped at nest 1/8. This paxe -
‘had been bahded in 1979 when'he incubatedat nest 4/79
some 97 m-avay. On 5 June W/0-M was m.;;,-.a wider .

incnhatjng on nu: Z/BG This mal- vn‘ﬂt 3 unppcd in




© ¥ % Nimbe¥ hutched eggu
2

. .‘.' v.‘y ”
st : <, . !
. .',',Tables e A

d Suninanzed Neqting Histornes 1979, 1sau i

reproductive U T 1979 1988

. informatiop i..

First.aprivall, [ . T2l May L 24 Hax
" Highest survey | ®
o gount (dave) .
Clutch: initiation .
- (first/mean/s.D.)

o atching dates
. (£irst/mean/s.D;)

4 Neats observed

‘ ests dxsgove:ed
aftet hatching

i~ Abandoned nests:
. X clutch size

%. Flédging suc:és
(¥ nes: t8). }

at succeaaf\ll ‘nest

L3 Pxedatlun o

R is.p. Days incubation
. (n)

178(2)

V22,8
to.82(3)

31 (5 gune) zs (5 Jnna)
oAy pi

e




iy . > % Sl .
% . ' Table 6 gt “
yo T , ' Incubation .and Brood Tending
" | o¥ nests
. R ‘attended by
R

“lir i oy uncertain £

f

il I . wiE LY 5w

of seven nest visits, where

. N g " .
+" ®agsumed after &' minimim

Dassined, when two marked birds (or one marked and one

; ; G ;
" unmarked) wére ‘observed tending ‘the nest ¢

‘the tending bird was marked and positively identified '
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with a‘female who was also banded, but no nest for-this
male was found in 1988. lnte:esti'm;iy the first two -
"nests known to hatch eggs in 1980 (nests 1/86 and 2/80)
'w'exe tended by males known to nest on.Green Island in®

1979.-0f the four females banded in 1979, none were

. known to return in 1988. Of the 51 chicks banded in

1979, none were known to return to Green Island in
s

198d@. Z “

" Plumage and Size Dimorphism. For ‘spotted
| sandpipers there .is 'a tendency for females to be largér
and 'have more heavily spotted hzeasts than males .
(Figuxe 5).°0n Green :Island, perceived aifferdncés in
size and spotting were not.always Egnable indicators
of sex: in some pairs both sexes were-heavily spotted
and differences in size often yere not spparent! In .
addition, "heavy" and:"light" spotting catégories were

‘clearly non-overlapping in all instances. Hence, it

i |
was necessary to adopt an "intermediate" category for

‘describing some birds. While 'in some sexed pairs both
: it v .

A R . o B .
‘individuals were heayily spotted and showed no apparent

“size difference, no.pair’in which tht male was

. obviously Ia:qez or tiore heavxiy spntteﬂ was observed.

., rable 7 shows svaluatmns nf spotting pattetns

NG

P



Figute 5. Example of plumage dimorphism: photograph
taken following a copulation where the

heavily spotted bird (left) was mounted by

'’ ‘the lightly spotted bird,
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of the nests under study. In the ‘first category
(copulations) sex identification was based on observed
copulations (copulations refer to mounts with tail
"tucking” ahd apparent cloacal contact). In all cases,
evaluations of spotting patterns were made before
copulations were observed. In the second category
‘(judged pairs), birds were assumed paired on the basis
of behaviour: feeding in_close proximity, posturing
and/or nest‘ searching togéther. The third category
(single birds) involved solitary birds that were easly
observed and evaluated. The last category is used only
£o.:ah0% the _proportion of individuals that could not be
reasonably described using only heavy and light
categories for spotting and suggest the approximate
:epxesentatlon in the three spotting :ategorses used.
Because individuals in Table 7 were not marked, the
frequencies must be viewed with caution, Multiple
evaluations were not made.at one location as a

precaution to minimize repeat evaluations of an

_individual bird (i.e., observations of marked pirds

indicated that they could reliably be found in the same

location on different days). In the second and thizd a
Elceqﬂrxes evaluations were not made for birds.regularly

observed .at the safie locations and sexual identities

were not . known.

<
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Table 7-
Perceived Differences in Breast -Plumage Spotting

Among Unmarked Birds, 1979 and 1988

: \

1 Ccopulation’ Observed ¥

difference L s

no difference 3
11 Judged Pairs .

difference 19

no difference . s-
111 single Birds

lightly spotted . . 8

heavily spotted ° L 10

. intermediate 5 e
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During 1979 and 1988, a comparison of spotting
and/or size differences between members of breeding
pairs with at least one marked individual were made for
16 pairs (Tables 8 and #f. Six pairs showed no obvious
spotting differences, and four pairs showed no apparent
aifferences in spotting or.size.

For ‘trapped birds weight and wing measurements
A T T we— (:s.n._) weights

for nine males and seven females (only marked birds

sexeqqby observing copulations and/or, egg laying are

included here) respectively are 43.6 % & 2.3 g (ranga =

40.9' - 47.6 gj-and 46.4 ¥ 1.7 g (range = 43.5 - 8.4
g). Females were significantly heaviér than males (6%
average difference, n = 16, £(14) = 2.14, p<.05).

Pemale wings averaged significantly longer
(48, n = 10) than males' (females 111.3 % 9.9 mm; males
106.8 £ 2.1 mm; £(8) = 3.27, p¢.61). The cube root of
weight can be used to compare weight and linear
measurements (Ralls 1976); using this procedure female
Spotted sandpipers for this population averaged 2%
larger than males, also a significant differance -
(£(14) = 2.08, p<. 05). g ’ 4

1t can be noted that the male at’ nest 2/80 weighed
7% more than the‘female with which hewas paired. This

/ - -

“ /

!
|
|
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a
« Table 8

Plumage and Size Dimorphism, 1979

@ -
nest sex weight tarsus spotting tch®
4 (9) (mm) cateqo!y diff.2 wexghc(q]
3 M s int.P no — ;
F . - heavy
4 M 41.5 26.0 int. yes s b
F -—- -—- heavy [ i
; = 6 M 46.9  26.5 int. no 44.0 g
F 45,5 28,5  int. -
{ ;7 M int. N/A -
~ F int.
8 M 44,5 29.5 N/A yes 42.5 .
. 4 F 48.4 26.86 ° N/A - .
12 M- = int. N/A 34.9
\ F 47.6  28.8 N/a 5
13) M 42.5  26.5  heavy nod 354 g
P

45.0 28.0 int.

3presence or absence of a perceived difference in
aegree of spotting for M/E pair

Pint. = intermediate spotting .

€clutch weight given only when female weight is 'known
% was judged to be more heavilydspotted. than F on two

' occasions but the difference was not reliable -
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Table 9 ,’
- , Plumage and Size Dimorphism, 1988
: nest sex weight tarsus wing spottin clutchP
: + * (gl - (mm) (mm) Category diff.%  weight(g)
1 M 108 light N/A _—
F - N/A %
2. M 106 heavy no 36.3
i: . F® 43.5 27.4 ] heavy R
! 4 M int. yes -—-
| B heavy
4 5 M int. no s
A F int.
i ¥ 6 M heavy  N/A -
F N/A
i 7 0M light' yes -
! By . heavy
i 8 M int. N/Aa -—
i =E N/A
i 9 .M int. yes 29.9°
i F heavy
18 M light  yes
F heavy
1M light _yes -
_F heavy
13 "M heavy .no 40.7
F heavy
14 M heavy  N/A -
F N/A
! 15 My N7A N/A 38.4
. F int. .
16° M light  jes -—-
5 F - ints X
17 M 110 light  yes 36.8
i F .

112 = heavy

h 3presence or abs\ence of a sub
bspotting for M/F pa
clutch weight ngen enly whete corresponding F weight is

ctive difference in degree of

sex based on gan and weight measurements
nest abandone

three eggs

!
i
|
i
1
| same E attended nests 2 and 9 in 1986 (see text) -
] after three eggs laid; weight represents

. K B o
. - .
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%
|
|
|
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female's weight was not tafen until theend of
ingubation (29 June) while the male's was taken six

d?ys ea‘iliez; 5his weight difference may be influenced

by a tendency for weight loss during incubation (see

Ashkenazie & Safriel 1979), though I know of no
evidence to support such a trend for Spgtted

Sandpipers. . g ©

For the six breeding pairs for which weights' for

_both individuals'were taken, differences ranged from 6

to'll3. In my experience, weight differences of ‘this
magnitude are not reliably discernible in theifield,
especially when the male and female are-rarely seen
tagether for.'comprison once incubatibm begins, . ' ™
Additional points concerning sexual dimorphism in this
species are presented in the Discussion. - ~, ¥
Polyandry. two females were known to pair (i.e.,
weie seen feeding, preening, nest searching, posturing
and copulating with a male) with more than ofe male-in
1986. A third ihstance of polyandry was suspected at
another_location (owing to a high'level of singing,
posturing, chasing and zalami activities during a 2.5
day period), [but key individuals at this locatioh were

not marked. Nothing xe.ambung these pexiods of




exaggerated singing, posturing and chasing was observed
in 1979. Some case history data are presented here.

W—F: W/O-M and. NB. During 1 - 5 June W/0-M was |

observed feeding, nest searching and cap\llat‘iuq
W-F on the eastexn end of the Jslanﬂ (chxs male
trapped in 1979 when he mcubaced At nest 13/19

female that was also banded b\lt was not seen -in

" Their nest (2/80) was discovered on 5 June with

with
was
with a

1980,

o

| cold eggs. On 6 June W-F- was abserved preening, feading
and posturing m:h an unmaxkad bud (NB: first

/identified by missing toes o ight foot ana associated : -

i Linp when walk‘u‘lg) along the shore-below her first I
ngst. This same day, W-E and NB vere observed nest

3 searching in Raven Cove (Figure 4) at .the location
where their nest (9/86) was later established. On=1> -
June (1133 h) W-F completed hex first clutch and was -
sqbsequen“tly_ se@n‘fe.e'd‘ing, preening, posturing and . 3
£lying short solitary hover flights “(i.e., short

£lights. deseéribing an inverted

where the portion of

* the'flight descending from the apix has a conspictously
sloved and hovering character. anéz' £lights are
performed by males and females and are often associated R

., with courtship, i.e., terminate in copulation.or - 2

motnting.) with both §/O-M and NB in the area pear her .




. -
nest. For a 3 hr period that afternoon W-F, NB and
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W/0-M,  along with three other ‘birds'£rom neighboring
mests, - participated in'a bout Of gontinuous galling,
singing, nest scraping, vigorous fighting anf brief
flights in the area surrounding nest 2/80. ting 8 -
13 June, W-F and NB weremregularly seen nest searching,
feeding and preening tngéthez in Raven Cove. Also
during this period W/l M vmcea Raven Cnve fon several
occadmns to feed at the sho:elme and was ghased trom
thE area by W—F.‘ NB was first seen ounnng W-‘F ‘OS\ 11
June (no tail tuck) .and cop\llatring (tail tuck) on ‘two
occasions on 12 June. H-F laid the £irst egg| in et
second negt (nest 9/88), on, 13 June. wiE and -4
contiited to assocxate in Ravén Cove™ unm 17\ June when
the. nest vas abindoned thn three eggs. W-E and NB
began fq feed together.and nest search in the’area

below her first nest (2/80) S Mnis time and together

© continued to chase w/o=M. wnen he van in their ‘hclmty.

This continired until 27 June ‘whien the.eggs at nbst! 2/88
i

first shoved signs of pipping and W-F began to

yisit

- female can be summarizéd 'as follows: On 19 June mest
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11785 was found with one egg and during the next three
dayl the attendant female (R<F) and male (R-M) were
markéd: With clutch *completian (22 June), R-M began
Shouiisting 4k thie Det 403 B:F was egulasiy obbsxved

feeding in the surrounding area. On 25 June the- .

h northwestern shore of Green Island sunoundxng nest

11/“ was characn:s:nd by much singing, cllung, *

aisplaying and intermittent fighting among at least . N

£ivejbirds enzougr}uu: the day.’ Onf ‘outcome of this

' “activity ‘was 'the mounting of R by a lightly npotr_ed

all lightly spotted birds seen “alopg the northwest

_sho!e had. el!lie! been colour marked and were’ known to

be incubating At other nests. s &

on 26 ‘June and < 1y n-r was nest

.seaxchlng Vith a lightly spotted unnxkcd bird 45 m
west of nest 11780 where R-N vas xncuhleing. Two nest -
xc:apeq were found in this area Ir\To nest ﬂucovezed.

A full copulation between R-F and aPlightly spotted

unmarked male was, observed on ‘28 June.

Behavionx in P

. unma:ked bird beliaved to. be.a new a:uvll tv{ the —area: 9




o v 5 sec). When an 1nt:m!er ox potentill pudncar came

24 hr of’ natehing.”1£ oné: ‘or more 995 fail to hatéh,

xncuha:mn may be pxolonged and the nest oxodus

deléyed On Gxe.n Illalld, nfte! laavlnq the nelt the
~young and -ttendlng adult(n) move toward the ahe:elme
nearest the nest. The gnssy interior po:tmns oE G:een
Island end abruptly at’ the zocky shoreline creating a’ &
sharp division bﬂ:vean ‘these two nub“in:.,. Young .
typically Unge! near. the’ gxass-zock interface and feed

almost

xclusively. {n the grdss during thg first days

- aftex h\ving the n.nt.'tud ng axcurnont into rocky

areas chre e in fzequency ‘on - sublaquant duys. The .

gteatest distance a family was kaown to mrvel from.

theix nest before reach 'g' an ares vh-u thiy unge:ad.

fere almost alny- -ccu-panua by al

dul} JThe .
‘on lmle -

the younq fed s

. attending adult typic‘ally statfoned. itsel

»>
elevatad point overlooking the area wh

13
lnd called’ (ntulicf toot" note!) at short intervals (3. .~
)

‘near, the -dgit(l) appzanchad and fol].owld the ';nt:udez

whilé calling lonﬂly."rhe young eithez zema!nad : o

cd!mealad or moved away.from’ ‘the vac.unng adult. |

\‘/‘". R L ST
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Afhs\t ‘the intruder left, the adult resumed "tooting"

noteS\ d :

sidods teided by one adult were typically left '

. unattended only during ‘short peziods when the adult
e - : .

left to feed. Broods tended by two adults were
) Y N
virtually always mgnitored: an adult normally left tq

During a- -

feed-only when 1ts mate was present.

éoncinu«ru B’hx'obsexva:ipn period. at nest 2/88 (two

atténding adults), feeding t:l.ps were made every 11 s * 3,

2.3 min.on average (range = 7.5'= 17 mln). These chicks

" were left unattended for 9 min..For a compazable.

observation period at nest 19/88 (one attending adult),
the younq were' left unattended for at least 43 min, ‘and
r.he adult &de on average feedinq excuxnons every 8 ']

¥ ag mln (r!nqg = 4.5 - 13 ‘min) . Feedinq b‘outs-‘in both

conditions lasted for 3. - 4 min. While this comparison
'is suggestive, .moze detailed studies “e, needed to‘
demonatlate xf any signlflcant functxonal differences
Exlst between slngle and double adult attendance
pattems. Adults tamnnq broods alona séem 'to feed

cloaer to. the ‘brood and to watch ‘the area while'

feeding. For broods with two attending adults,only one

_adult visited the Brvod fof loag periods on some’days.

For three broods with two attending adults (marked and
s v y &S [

i » 5 -]
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sexed), males regularly showed more overt signs of

alarm than females when an intruder approached. These,
males approached the intruder while calling loudly and
oftén ‘pezfnrvmed dx’straecion displays. At such times the

female was .often seen “feeding nearby without overt

. conéérn. The reverse pattern was not observed.

No adult was obsetved'feeding at locations < 50 m
fxom young. For four broods that were closely watched
the attending adult left the brood at regular mtervals
to feed af locatlons estimated to be 150 - JUﬂ'm
distant. On some occasions ad‘ults were seen feeding at
Locatins 50 m ‘o young Lh £eeky shore stess; the,"

young however did not venture more than 5 m intd the’

rocks from the grassline at that time. e

Guils. (Larus argentatus, L. fiarinus) resting on '
the rocky 'shore areas at Green Island were often
attracted to areas where adult Spotted Sandpipers

tended young. On cold, damp days this presented a .

*speaial probim: when gulls intruded adults could not

visit or brood their young which often vocalize when

~ .
unattended in these conditions. Gulls easily localized

these calls and preyed Pn young sandpipérs.

Aggression. Aggxessive inténcnons were obnxved

. infrequently.on Green Island and occurred in various
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contexts which will be described. Defense of nesting
territories or feeding areas was not apparent and
aggressive interactions judged to be related to

* 2
territory defense represented a‘small proportion of all

" observed aggressive behaviour. Use of widely

overlapping. feeding areas without conflict was, .
frequently observed. )

-~ . During 1979 and 198, 32 aggressive interactions
were observed. These x.nvolved gnasmg, 1ungmg, pecking
and/of £ighting (reciprocal agqte‘ssio:n).'l'cur of these
"interactions have been discarded ‘from consideration
" ‘because of the likelihood that the individuals_ involved
were ‘members of a breeding pair.

Defansa' of territories or feeding nxeas,aqcoﬁn;gg
for 224 (6) of the aggressive interactions. Typical
examples involved incubating birds chasing other
individuals that fed near their nest, or. marked
individuals chasing other birds from areas aliizer ey
regularly fed. * ’

About 29% '(a) of the ‘aggressive interactions
involved what vere known or believed to be (on the
basis of 31:9, '{tting and behavioux)
ane-femals-muin-mule gmups. Aggression in such groups

(with one exceptlon) involved cxmxng, posturing and/or




T
g5, X
fighting between males, while the female remained
uninvolved or fed nearby. The occurrence of such
interactions suggests there was an excess of males ‘on
Green Island, though this could not be objectively
verified. In connection with these
one-female-multi-male groups, it may be relevant that

in 1979 and 1980, 88% (4/5) and 96% (22/23)h of the

observed aggressive interactions, respectively involved

Seven of the 23 aggressive interactions observed in’
1980 involved aggression between W-F and her’mates
(W/0-M and NB) following the completion of her first
clutch (nest 2/86) (see section on Polyandry).

There were two occasions in 1988 which fit Oring.

.inte:acti'ani aﬁorﬂg groups of- three or more individuals.

~

and Knudson's (1972:65-67) desé:iption of "post-laying

sexual ‘resurgence”. The first involved when W-F

comleted 'her first clutch (nest 2/88) and the second

involved R-F at nest ll/BI (see section on Polyundry).

(1) The uxuul rnuzgance vich W-F lnvolvad

interactions between as many as six bi:dl with nur:h
associated singing, po-tuﬁing and fighting. Because
these interactions oqcux:ed over a large area with

chick guny nubltnta, which obncured the birds at

b

tlmes, all of the lntnxactlonn’ could not be specified

Y

-
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and were counted as one aggfessive event. (2) In the

second interaction, R-F did not begin what appeared to
be a period of sexual resurgence immediately following,
clatch completion. she laid her fourth and'final egg in
nest 11/83 on the evening of 22 June and her mate (R-H)
took ave{ incubation duties. The area remained quiet

until 25 June (@645 h) when an unmarked l?ird (believed
to be a new male to the area) was seen associating with
R-F who then sang and postured almost continuously. At
least seven different birds became involved in the

posturing, song ‘exchange and fighting which

subsequently continued through the morning and resulted

in a mount ardd copulation between R-F and the new male.

Five i’hte{actinna if which the nature of the
aggzessmn und/a! zelat)onuhlp between the paztxcipancs
was uncertain were also recorded. ' -

Discussion

Nesting Pattems and ’l'e!tltotiality. Territorial

bshaviouz has been xeported for hoth Eemale and male
Spoetea Sandpipexs (Emlen & ozxng To77; onng & Maxson
1978). Onng and Knudsnn (1972) ulso reported havmg
mupped territories: for thai: lagnun population by ‘"

¥ . -
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Qpting zones of conflict between adjacent pairs. For

their island population, Oring and Knudson (}972)

reported that territorial boundaries were never firmly

established, though this was atgibuted to high nesting

density and prolonged disputes oyer boundaries. The

- birds in this island population, however, were not

individually marked. Miller and Miller (1948:560)

. studied an insular population of breeding Spotted

sandplpazs and :eported that birds shared nve:lapping

feeding areas and "no ‘territorialism was apparent,”

‘although their birds also were not individually marked.

Hays (1972) did not mention territories as such but
referred to "ranges", where birds were regularly -

obdigrved feeding and displaying. H. Hays (personal

communication) tha/t:' ssive i

among “Spotted Sandpipers nesting on Great Gull Island
off Long Ish;\d, New York, seemed.to occur only -during
the first few days after ‘the birds arrived; disputes

were settled qutckly -nd nestmq Eollcwod. In

‘explainxng tha spacing puttezns and sociak e:ganlut:on

of Spotted sandpipals,‘the terxitq:iu bnr}aviqur
described’ by 0fing and Haxlon (1978) and the "ranges"

mentmnud by Hays (1972) ptovide two nt-znunvu models
'Mch differ in uvlul important ways.
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oOring and Maxson (1978) and Emlen and Oring (1977)
treat polyandry in Spotted sandpipers much like
territorial polygyny (Verner & Willson 1966; Oring
1969) 'with sex role reversal, i.e. females are
territorial and control access to resources essential
for reproduction and males selectively mate with
females controling high quality territories (see also.
Grhul et al. 1977). When polyandry occurs, males éte/
territorial and apparently partition recources V
controlled by their mate. primary males may be expected
to interfere when aubaaquent malas attempt to mate\w
their Eemale While Oring and Maxson (1978) have \
stressed the importance of territorial interactions for ’
Spotted Sandpiper mating systens, they also :gcogn&e
the potentially important’role of male nest site
tenacity in this mating. system.

Emlen and Oring (1977) used the macing,sy.ce;-. be.

Spotted Sandpipers as an example of "resource defense

polyandry", i.e. females compete for and defend
resources essential for successful reproduction, by

« :
males. Hays (1972), howevéer, guggested that males are -

attracted to particular nesting sites or areas and

‘females may defend large areas which include several . .

such sites: Males may prefer to, mate with females which
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control their nesting area W% excluding other females

(the mating system of some 1y op

this way, Jenni & Collier 1972).

The evolutionary significance of strong mest site
tenacity by Spotted Sandpiper males has not been
specifically addressed. A large proportion of breeding
males return to the same location on successive seasons
and tehd to establish nest-sites near those of the

preceeding season (Hays 1972; Oring & Maxson 1978;

personal observation). Females also show a tendency to _

return to_nesting areas on succes xve years, though
this tcend 1a 80t a8 proacunced as For waLeE (Hays

1972; A. Nash peuon_nl' communication) . Returning | . N
females also. have a higher probability of occupying a
new nést site than returning males (Hays 1972). Similar
patterns of nest site tenacity h‘Y‘ been reported for

females and males of other shorebird species (see

‘soikkeli 1967; Hilden 1975; Schamel & Tracy 1977).

While none of ‘the four -female Spotted Sandpipers -banded

on Green Island in 1979 were.known to“return-in 1988,
-
the smu sumple size precludes genc:uliznion.

Male Spotted Bandpxpan retutning I:o p:-vioun

‘ nesting areas tend to nest earlier than males nesting

in an area for the first time (Hays 1972). Nesting
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records for male spotted Sandpipers breeding on Green
Island are consistent with this pattern.

Hays (1972) suggested that a dessening of
importance of the pair-bond and the incxelsing =
importance of attatchment of males to [)_;:ticula:
nesting. sites or geogrgphic areas may be an adaptation
which facilitates the deyemgmen& of serial pony
in Spotted Sandpipers and polygyny in other species.
While the resource defense modél'and Hays' model would *
produce mating systems that appear similar gn &
superficial level, severai important differences are

implied. The resource defense model implies that

territorial agggession should be spatially distributed

S0 as to defend resources occurring within a geographic
area (e.g., exclusive use, Brown 1975) . The occupation
an;i defense of preferred areas should be correlated
with the distribution of critical resources and males
should mate selectively with £exral.n that control
territories of superior quality, etc. referred areas

could be more or less stationary on sudcessive years -

depailﬂh\g on the distribution characteristics of

ctltl:nl resources. The relevant “eritical mgou:cn’j.

for thia spacies have' not yet been, specified. oring |

(1982.72) reporteéd that of th; factors' influencing
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female. reproductive success, variance was explained
primarily by experiende and territory size and no
consistent week-to-weék or year-to-year pattern of N
interterritorial differences in food availability was
evident. , '

In Hays' model, nest site tenacity by malés is an
important factor influencing nesting distribution, and
females will'compete to control areas occymied by

malés. Hays, (1972) described an. instance of aggression

‘inveolving two females- which she felt suggested that

s ) : -
“"females, by patroling ‘and defending large areas, keep

potential males isclated. Males- should. occupy similar
nesting lobatim successive years, and these

occupancies may or may not he correlated with

- .
.distribution of c:itical resources. Although this model

" woald predict male nest site cenacxty, the available

information al:eady suppo:ts such a t:end and any model
Huuld need. tc‘take this into account. The factors
influencing male sctichnens to nesting locations have
not been specified (for some discussion see Soikkeli
1967). Most importantly, any a_gq:ession 1;1 suchva ’
system would tend to occur in situations which . °
challenged the breeding activities .of an.established

pair rather than defense of a geographic location
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against any intruder per se. For example, females would

exclude otH fema

who were looking for mates but
might tolerate females who were already paired or

! tending a nest, and similarly for males. Some

overlapping of feeding areas might also be expected in
. this system. ’ i
While several aggressive interactions suggesting ]
i . territorial defense were observed among birds nesting

; on Green Island, such encounters were: uncommon and

overt ;a:n:oxial b-huviou: (song advertisment,.

g pnacurinq and lqg:enaion) was not a notable factor,

“which influenced social organization. The spatial
distribution of aggressive sucountors observed on Green i
Island in no way’ describe boundaries between adjacent - ;
nesting or feeding areas. Other nests were widely
spaced and large areas with no sandpiper ac}:x;lity

~ occurred between these nests and their nearest

neighibors. Marked individuals vere regional in habits

and fed (egnlaxly along certain coastal and uphnd 3

.areas; ho'evex, ov-:lupping feeding’ zangn were

regularly observed. At one locuzihn, groups of as many

g y as niné birds dere regularly seen feeding: together . | ¥
’ . (within a radius of 10 m) without conflict. Where = <. d

‘ feeding ranges of birds tending adjacent nests' shared a
|
|
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common boarder, residedts could regularly be seen

feeding ip their respective areas - in close proximity

on many occasions - without posturing or overt

aggression. The spatial and temporgl distribution and

social context characteristic of most aggressive,

interactions oberved on Greéh Island suggests these 8
intefactiods functioned to preserve mating

relationships (or "mate defense") among breeding pairs

and not to defend breeding territories or feeding areas ’

during egg/ laying and incubation. ' _#

Most observed aggzesswe ‘interactions involved

" groups of three of more individuals. The tre_nd arong .

1 B S

LAY whe such: groups appeared to be for one female to stocxa_ce
With two or more males,.one o WELGH ag; more . .
aqg!essxve ‘and attemptéd to chase othex male(s) when,

. they approactied the female. Pemales,in such groups were

. typxcally engaged in feeﬂmg or p:eenmg and for the '

nost pazt ot overtly nt:ending 6" the males. On two

occaslons a known pait'was approached by an unbanded
bird beheved to be a sexually active female, and the:  w
mateéd femals ‘aggressively chased the intrudet. secause'

- 'the’sexual identities and reproductive status of all

~ % . X
) ' birds- involved in these interactions were not certain,
P . this Summary must.remain speculative. N ‘

e
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i Sexual Dimorphism: plumage and size. There appears,’ .

to be some disagreement in the literature concerning
)
sexual dimorphism in Spotted Sandpipers. Hays (1972:45)

i
{ v degcribes females as "glightly larger" than.males and, .

"in most ‘Gases, have more spotting,” though she also

noted that first ye

& females, are lightly spotted and - e
rnd-:stlnquxshable from males. A. Nash (personai’

com‘munlcatlon) has also found thls pattern. Oring and

Knudscn (1972) xepotted the t female Spotted. sandpipers '

- ralxad on pe:cexved diiferences in size and spob:)ng to s -

),
|
H
H
!
i
i i . - are larger and mor:e heavxl. spotted th'an males’ and,
1
i sex unmarked xndlv)duals i thet island pnpulét:on.
!

‘ For spotted Sandpxpers nestmg on" Gteen Island, B

differences in degree of spocn g between the sexes g

e were not always ohvmus and breeding p;izs were noted '
¢ oy ‘thé female and male were judged -to be similarly

spotted.-No pair was observed where the male was . i

ook I . eiearly moze heavily spotted: than the'€emale, though

:ms has been :epozted elsewhere. (a. Nash pezsonal

B © + teénd 'to bias estimates 6f sex, ntiu towaxds a highe: . W

number of males (as repnxtad by 0nng 5 Knudson '1972)

B
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oitmptn sex i.n théix .tudy are open to. queluen. In A .

B altilatmg uze in Bttdl generally (Alndon 1943; J.hl i

have been used to estimate ‘size and sexudl dimorphism

in other lpociel (see Ralls 1976). Females nesting on

‘ll h:eedxng season Eenla spettqd sundpipezl from -

'u-ights recorded on lpncimn lahels in the Unlv-uny .

'Gxeen 18

when Ieunq is baud on peu:eivad spo(‘mg i‘nd size

In a rlucuuxon ut unnq lyuens. Wittenberger

excess mles is conelated with the number of -

polyandrouu temalel in a populatxon and with tna number

i
i
|
(1979) hu Iuggalted thlt a sex ratio skewed towards 3
i
i
!
i
{

oF Buccessive mates obtained by these Temales and cites ) \

Oring' and' Knudson'sN (1972) study as the only evidence .

for cmé. It ih, suggestedrhere that methods used to

addition, more xecunt xepuztn now indlcln that the sex s 4
ratio for uu population is. balanced (oring 1982),

su-a contxovouy xists as - to_the bé-'t method of "

- ¢
©1979; Ralls 1976). Botk weight nd:linear measurements - - L

qun hhnd are 60 heavier thnn males (‘hblc )ﬂ) S

nlyﬂeld (1979:2\7) upoxted,a mean niqht of 46.7 q fe:

e! chhigan Muueum of anla‘ly, this figure agrees well ,
w!.th thnt ot the Green \Illlnd populntion ,Emul.- B v 4

nd had ® 1ongu: wings th-n males. S
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Some ‘conparative duta on male and female Spotted
Sandpiper weights are given in Table 18.For the thrée
’sémple's wkfe:e average weights for both sexes are given
(Minnesota, New York, Newfoundland),.estihates of
sexual .climorﬁh’ism based. on ‘weight vazy considerably

(24,15 and 6% xespectlvely). In ndditxon, whue

HLxson and Oring 11955) :epoxteﬂ no overlap ior femal)

and male welg}n:s in, theu Minnesota populatmn, Nash
and Cottrell (submitted) iound considezuble overlap |

SSee Table 18) . How accu,xately these estimates reflect

E tzue d;ffe:encea in size dimoxphxsm between populatmns

‘. is uncertain’ due to diﬁfezences 1n measu:ement

technlque. Haxsnn_ and ,0§ng (198!) used” on).y weiqh:s

from birds ttaﬁpe ithin-two aayu of ‘arrival.at the’

bteedlng gt!a Hha! u, Nash .and Cotttell (!ubmlttad)
did :not’ 1mpoue this :est:ictwn on thex: umplea. If

this :est:ictxon is mposed on 'Nash ami cottxell's data

the umpla is- too nmall f.o auow meanihgful companson.

Y numhe: uﬂ factota th,

might cont:ib{te to the.

" disczep.nt e-nmm ‘of size dlmutphlsm in Table 10.

one poasunny, that Ai "are.due to geographic

yn‘nncn, cannet be evuluuted conclusively becuuse of

<
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Table 1p 7

Average, S.E. and Range of Weights (g) for Female and Male.

Spotted Sandpipers and Estimated Size Dimorphism

Location: Minnesota® - New York® Newfoundland® ---

47-87 N 41-12 N 46-15 N
94-22/W 72-07 W 56-01 W
Females 4721 -47.4%46.0%  46.4°
S.E. T --m 3.38 _ 172 ——
range 50 -'43  54.9 - 44.0 -48.7 - 43.5 ---
(n) 9, 7 7 10
Males ©37.90 . 41.3 43.6 -
S.E. ° - 98 2.15 -
range 41 - 34 4. 3 - 38.0 47.6 - 40.9 -~
(n) - [ 8 9 —
Estimated . .l B "
Dimorphism 24% - . 15%°/f1% 6} ——n
(% female . Vs
larger) " |
Source Maxson & Nash and Co\:t>ell Mayfield
.oring (1986) . ~ (submitted) ' - (1979)

2pirds weighed within first two éays at bzeeaxng ground
Phirds -trapped’ throughout season i

Cthree of these females laid eggs within 12 hr after
weighing: to correct, the average weight of one egg ' e
from that female's clutch was gubc'ucted from her
measured weight, X .

daverage welght yithout thé three lnying feleeu (=5

©females weighed hfter clutch completion, i.e. no females *

laid eggs within \5'days of ‘measurement; male weights
taken during eulx incubation ; b "

T O, S
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N 1
dsffergncés'in measurement techniques used (above).
jpeasonal differences in the welght ratio of the sexes
(which may affect the sexes differently, Ashkenazie &
safriel 1978)" and, weight changes associated with
changes in reproductive condition could also contribute
to observed differences (see Amadon 1943; Ralls 1976).
1f one particular measurement of sexual dimorphism
(e.g., weight)’ proves to be contingent on measurements
.obtained during a brief interval during the ‘breeding
season, it will then be nécessazy to ask if what is
being measured realy zeflet\ité sexual dimorphism and if
such measurements are useful for predicting sex. |
Considering the number of factors which can influence
yeight measyrements, and that:these factors ‘tend tO‘
influence £ weight more than male weight, the
agreement” for fstimates of-average fehale weight are .
impraskive. Bqually impressive is the large and
unexpected variation in estimates for avexag? male = e
weight. ’ ' '

Emlen and Oring (1977) xvepdxce;t:hat ‘female -
Spotted Sandpipers are 254 lazder than males and”
attributed this differencé to sexual selection. The
Minnesota dna (l‘abla 10) are presumably the basxs Eol:
this estimate of 25% larger femaie size (Maxson & Oring

‘“\
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1982). Two conditions - assortative mating and a
selective advantage to mating pairs - must be su)ﬁlled
if an evolutionary event is to’ be ascribed to sexual
sejection (Fisher 1958:150). As far as I am aware the
existence of these conditions has not been’demonstrated
for any population of Spotted Sandpipers. If sexual'

selection is responsible for larger female size in

" spotted Sandpipers, female size should be positively

correlated with reproductivesuccess. In addition, the
insular variability demonstrated for different brasding
po}aulations for this species (Table 10) might be
co::elated with the degree of polyandry exhibited in
different populations. More attention,should be given
to possible factors influencing variability in"ﬂnfe .
weight as the differences in eBtimates of sexual
dimorphisn (Table 10) result from differences in
average male weights Eo: these samples. .

The lack of agreement for eatimates _of 'size
dimorphlsm in Table 10 may suggesb{hpt weight is not a
gond ove:all mdxcatub of uexual dimo:phism fo: this
species and that mulnpla indxcaa of nz& should be
used. .Some.data indlcate that wing mangzemenc: may be

a better predictor of sex ‘and ‘allow better estimation

" of stze dimorphism. for.this apec‘ies (H. Hays personal




’ xntensity of- sexual ualectmn and mam:mn elze ! i
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;:.ommunication; A. Nash personal communication). While-
plumage markings and size measurements may be helpful
for identifying se¥ of Spotted-Sandpipers in the field, -
such identifications must be interpreted with caution, .
and more dita are needed to assess the reliability and
variability of different measurements available for
predicting sex.

An ad!ptivs explanation (s) for ‘this female-larger

‘trend among Spotted Sandpipers and other. shorebird

specles remains uncleax. 'elect\e pressures for sexual
dimo:ph‘sm with respect to-size ‘in u:ds and mammals ’
hais ‘been’ discussed elsewhere (selangex 1972 Ralls

1976) . Seve:al plausable arglments re ating female

aggression with sexual “dimorphism in che ensting

social system of

spo:tas sandpipers have been suggeasaé

(Hays 1972; Oring & Maxson' 1978). i s B
Sexual selection has been a domxnant hheaxy in

= sbnrets o sexual dmupmm (e.g., Murton & Westwogd * -

1977). Emlen and Orinq (1977) notad t t hehavloural .

and sizé dimorphism in females increasds wien the

p};:sm in .Spotted- s_anﬂpxpexs ds an example. It
should'be noted, however, that females are slightly.fl
- 5% based on wing measurements) hxqezl in all 15

7 s . =




- honogamous sandpiper species reviewed by Pitelka et al.

female size (and/or-reduced clutch size) may be an
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(1974) who considered this female-larger pattern to be i

the primitive arrangement. Selander (1972) also i

suggested that the female-larger trend .among Phalaropes '

(Wilson's Phalarope, Phalaropus tricolor, females are ., i

' 26% heavier than males) did not represent a "reversal"

as tHig is the prevalent trend among shorebirds:=

The tendency towards larger females among
shorebirds suggests that some more qenerat factors i
associated with their byeeding ecology and reproductive o
physiology may, be involved, As a group, s'nozebudf aze {
’ground-nes;te':s “which produce’large eggs and precocial i
your'xg and pEtén lay repldcement or multiple clutchies dn »

rapid succession as an apparent adaptation to-high

* predation-and short arctic-breeding seasons. Larger

adaptive strategy to reddce phylioluqical stress

associated with ‘egg, pznducf_xhn (Lack 1968; Oring &
Knudson 19724 Selands: 1972; Graul 1973; Parmelee &
Payne 1973) 4 R o S

;- Just What” conuituteu an :ncrease in female size ’

(oz a rpduction in clutch size) remains’ unclear in the

hteutuxe (Murton & Weltwood 1977). Oring and.’Knudson
(1972) listed Sppt:ed Sandpiperu as u“npecias huvlng

Yo g e - §




egg 'weight and relative egg production for Spotted
' compared these figires to three,small European Tringa . = -

- Sandpipers in this ienus. Hilden 1975). the cammon . -

Jegg weights of 26.4, 22,5 snd 19.4%-respectively, and

-6~ ~

reduced clutch size though no-criteria were given. Ross 3

(1979) demonstrated that for species laying multiple

clutches, females tend to show- i AneYSaNs T Body BiZs.

and a reduction in clutch size. His analysis howsver ’

treated multiple clutching species collectively usthg

non-parametric analysis, making evaluations of clutch

size reduction for any one species not possible. The : )
general approach for sich an evaluation would involve a

comparison of relative egg weight (egg. weight/female

body weight) and relative egg producticn (clutch’™ | E n
weight/female haéy weight) for Spotted Sandpipers and - )
related shorehizd species which do not regularly e i
prodice -replacement clutches. u
. Hildén (1975), ysing Spotted Sandpiper data )

reportedly obtained from Ofing, estimated. the relative
sandpipers to be 17.1 and 68% respectively. Hilden.

species .(some classifications include Spotted : -

Sandpiper T. hypolcucos, Wood Sandyipe: ’l'. glaxeolad o »

)

and Green Sandpiper T. ochropus, which have relative

I




.1980 1238) . Estimates of relative egg weight and egg

comparable in size to other related shorebird species

produce an egg/BMR for SpottedSandpipers is greater

- 62 -

concluded that Spotted Sandpipers have considerably
: \

smaller eggs. o B
A consideration of av\ax’lable measurements for
spotted Sandpiper egg and female weights suggest’ that
the measurements used .by Hilden are not representative
for this species (Table 11). First, Hilden's (1975)
51.5 g estimate for female weight is 1.5 g more than
the larsagt given for this species weight range by i
Maxsen and Oring (1988:237), and the 8.8 g egg weight

is 6.7 g less than the xepu:ted mean (Maxson & Oring <y

pxoductlon from other sources -(see Table l.l) ndlcate

that female Spotted Sandpipers produce clutches

and are not: "reduced" in size. Maxson and Oring

(1989:238) noted that the ratio of Kcal reduired-to
)

than that given for all but one of 14 specigs of \
' ? :

various taka listed by King (1973). ! ;

{The idea that egg production may physiclogically
stréss the female has frequently been involved in '
SXpLILHLHG ShE evoLEETon GE polyandrous mating systems - f
(ori‘_ng & Knudson 1972,: Graul .1973). In pa:ticulaz, a
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. Table 11

Relationship Between Female Sody Weight, Egg and Clutch ~

weight (3) for Spotted Sandpipers

egg ~ female - relative .
weight  body = egg pro- - source
2 weight - weight® duction®

9.7 46.0 20.9 84 Present study

9.5 47.1 26.1 88 Maxson & Oring

S asse)

19.3 7 May£ield "(1979)

, , 171 68 -/ milden (1975)¢

ol

‘percentage of

bc}.qtch weight

a percentage

Cdata obtained from L.W. Oring

female body weight

of female body weight - -
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<
female's energy reserves may be ko depleted

following egg—1laying that additional parental
investment would significantly decrease her
inclusive fitness, and selecgion might favor
desertion by females and assumption of all parental
duties by males (Graul et al. 1977). This idea
remains to.be substantiated®and some evidence to

. the contrary exists for Spotted Sandpipers (see.

beluw) . Moreover, invng (1982:73) has nchluded’

that the strain of laying multiple clutchsa for —

* some female Spoifed Sandpipers must not be .

.. excessive as they bread for at least eight years,

as do males. This-cbservation holds however for

females that are now larger and a similar

investmeht in’ egg pmducnon by smaller females

(i.e., the same size as males) may have been

stressful. Ralls (1976) has suggested that for .

those species ‘of mammals where the fémale is larger .

than the malé, large mothers are likely to 'pzagucé

Lazgs bables with bettershanges, of survival thih:

 Swart babies. X . . : - -
Poaxu}xdxx. In_a‘ comparative revxew‘ of . N

sandpiper ‘social u}a':em; Pitelka et al. (1974)

:ecoqmzed two genemal c-tegor!‘ for :eptoduc:ive

{
i
i
;
H
{
Jous
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stategies used by the calidridine species they
discussed. '(u The "conservative™ strategy employed
__ by the majority of calidridine species s .
- . chazacterized By monogamous matings with persistent
residence of both pair members throughout most of
the season. Breeding pairs establish evenly spaced
territories that provide adequate breeding -

. resources for adults and brood even when breeding

|
|

{ conditions are not favorable. Thid may be
i . # .accomplished by occupying large territories when 3
i - . : e }
{

food is more limited or small territories in

|- S favorable nésting habifat and obtaining additional

food-from communal feeding areas nearby. This

strategy is tive because

‘to be constant with each pair raising one brood per > g :
"‘sea"lsou independent of fluctuations in breeding

¢ (2) The “opportudistic"

y;
includes mating strategies- evolved to maximize

reproductive Success when breeding conditions are &

favqrable. ‘speci

.inclided in this category tend

to cccupy small territoriés packed into more

< . productive mafshy habitat; balancing the risk:of

.
breeding ‘failure in the event of adverse weather.




agninst. the probability of a very successful bt:eediﬁg

season it conditions are fu\}uuhle. This category is

. more diverse than “the conservative gategory snd - .
mcludes mzﬂ-_xng systems Pitelka et al. (1974) have
‘called serial polygany, polygyny and promiscuity. Of
lnteten here is, the serial pélygamy sub-grouping which
includes mating systems containing, elements of hoth

“ polyandry and polygyny. o

The senal polygamy sub—gxuuplng,ls distinguishea *

from other -mating syste‘ms in ssveral respec.ts- The

: | cqurrence. of muxnple clutches and’ inoybation, of e

-
o by a .single adult dlst:nguishes thxs Watan system Ezom : i

s the conaezvahve st:ar_egias and mcubution by Inal’es B Bk

opiieg TE dlffezenuates it mm uthervpo:tuntstic matxng S

y
\ . ittateqles. Females’ 1ay tuio successive clutches, each . * i

..0f which' is’ incubatéd by'a sxngle aduit. ‘Pair - T

xelutxonships nay include‘ (i) petaistem: bnndxng

hetween members of a paix wifh the first clutch. hemg

s, T mcubatsd' by ‘the male,,the.s cond by the’ female;~ (ii)."a .= .-,

£ tanale nay forn oseries cary pair-bonds with

. different males, laying a clutd: Which is incubated by :

the- fixlt ‘male and, nfta: asso M:ion Hlth a Eacond

-male, a clutcl‘r thr.‘h thﬂ f!mal on both ‘sexe

;ncubate.

- Bxamplés 'OF serialipolyginy given' by Fitelks et 'l -




(2974 im:l\:u;a: Temngnck *s Stint, Calidris temminckiis
.Little St'xnt, C- minuta; Sanderling, C. alba afd
“Spotted Sandpxpexs.

Sm(e degree of emanclpatxon from” m-:uba:;ion and—
ﬁest related activities is necessary for:a female to
mate with multiple males. A cent:al que!tion in .
understanding polyandrous. manng systems is to jdentify
the selective p:essu:e(s) thit make’ it adaptive for
malés to assume more :espunsxbihty for nest related 7
‘actlvxt;es or femlgs to assume less. u_ent attendarice

and brooding by. one adult is common among shorebirds. -

Several factors which: wouId select for attendance- by

one adulc (sax rwt alvlays specified) have baen/

hypothesued. (12 early: depnxtuze of .one adule to
xeduce zood compennan be een ad\ll":s and yonng; (H)

-eparture of one aduu may make' thé'nest fess | -

v\i uous to

and’ (i11) etic fobts’ of

qu pzoduction may weaken the female such that further’




<«

' ‘IsTand, adilts tending broods.were never seen feeding

Several authors have suggested that the early -,

departure of one individual from the nest area would
reduce the rate of food consumption in that area, =

].eavhlg more: fopd for tne ‘tending adult.and later for

the young (Jenni & Collier 1972; Selander 1972; Pitelka

et al. 1974). Givlh the fnclllty of flight and limited * .
movements of the young, it & difficult to see why . =
adilts ‘could not solve this problem simply by feedihg

at “short distances from.the nest or young to ayoid’

. ‘potential problems associated with food competition

‘iuthgr' than,leaving the breeding area cmnp;:a_tq’.y. When e
two bizds tend a nest or young, the ofe-duty bird could

A xeulcnnbly be expected to comute grewtar. aistances afa—~
feed longer \hence further reducing food conpet»non)

than when a single bird tends the nest. On Green

at areas where the ydung were known to be feeding. =
Rather, at frequent intervals adults“made trips of 158

--386 m t3 feed. This was ‘true for broods tended by one' .- ®

or both ‘palru-ntl. n the latter case an adult.w
virtually alvuy’g» in attendance with :h.é brood. A E
similar pattern vas observed, for Spotted Sundp‘pezs
‘nesting or Great Gull lnland, New York (A. Nash

' personal copmunication) Anhke azie and Safriel (1979) P

i
i
H
i
{
i




reported that adult Semipalmated s-ndéxgéu also feed’
away-f:e-i-’uaeu young. - These Gbservations suggest that
~adults ny -vosd “food cuupencmn with ‘theit youlig by”
£eed1ng at areas udjacent to their brood yet snu

) xenain at “the breeding gxounds-

one vay to :educe the zisk n£ nest pzeaahon would’
be u/xeduee the numher of nest exchnngen or periods.

vay,fxom the nést by uoln:azy incubatou. It. Xs

“with this ‘éiohl_em more effectiyely than one. Ori ‘Green
.iul_and:). 1 have no nc?td of seeing two Spotted
'saﬁdpipe;- together at a pest after clitch completion.
At nests where two birds incubsted, relieying mates
typically called from distanges of 3¢ - 50 m and the
fincubating Bird would promptly leavé the nést Before

the arriving bird approached l‘y a round-about route. It

alsg seems probable that nests with two attendants

would require fewer nest exchanges than nests with one
atfendant since off-dfty birds would have more time for
feeding.” s ®

For sonh -.p-‘chu wheze the' Zemale "ac’n‘:t-"' soop
nﬂ:ez clutch complcuon, lt has ‘been luggutod that

ene:genc d-mndl a| -ociutad with egg p:aduction my

* strain ot\ en the iauule such that she must tcrgc




.

the energy demanding task of incubation
.(ueehezas‘ ~Thompson 1973; Graul'et al. 1977;
. " Wittenberger 1979). Thére is “some ‘evidence however that

male aggression 1; the proximate mechanism for female

- "des.ezti.on“ ‘in ‘'some of these 'species (Graul 1973;

Ashkenazle & safx ie !.

o skunﬁg 1974; Kistchinski’ 197
2 P 1979) . oring and Knudson (1972) noted Ehat ce:cal.n
.. female Spotted Sandpiers showed' a sudden surge of
cil sexual activity £ollowing _clu’tc‘h‘ completion and became
involved in-extensive, singing and aerial advertisment
for several days: They felt, that these females. showing
: s * an mex\,eaae in post-laying hexual activity wouid ibe
likKely:to umte with additional males when available.
. On Green Isldnd, bur.h famales who were known to
mate with|multiple males’ show.ed increased sexual
{ activity, ‘simjing, posturing and aggression shogtly
after clutch 'completion. While this nb‘se’cvauo_n‘dpes.
- not prové that females ye:e‘not physiologically
weakened by egg ExoductiSn at some earlier tiwe in
’ evolntiona:} history o.x. under some other set QE"
environmental conditions, it'is contrary té the idea

and. suggests that at least some femald Spotted ¢ -

. . sandpipers are not physioiogically .ﬁtwmmned
g 5 as a of egg on, Sof reports
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of Spotted ‘sdndpiper reproguctive histories indicate’
that females bregd for as many ‘seasons as males leading
some to think that egg production is not energetically

costly for this species (see section.on.Sexual

Dlmozphism). In addition, l:he obaerva:xon ‘that a pezlod

of sekual resurgence for one female on G!een Tsland did

not follou‘clutch complet§gn J.mmed)ate'ly but when an

" available male arrived in the area suggests that the

. presence of an-unattached fMale'(s) may: be necessary for
o
a.resurgence of gex§a1 bghsv:\ouz. L

Pitelka et\al. (1974) discussed the added
: \ ‘

advantages to yoyng of having two attendant adultsi for °

periodic brooding, leading youngsto feeding areas,

warning.young of approaching predators and performing

‘ distraction displays. For. Spotted Sandpipers nesting on

Green Island, the attending adult typically ‘stood on a
rock or other prominence.overlooking the area where the
chicks ‘fed. The adult "tooted" at regular intervals

during which the’ young, fed. With-the approach-6f'a

gull, raven e: other !ntxudct, the a ult loundad loud .
calls which' pmmp:ed young _ to hsds in vegatutiun ‘or
under !ockp Ilntil "toot" nohas tesumed. Adults-also
perfo:lnad dutzuctlon dxaplays in zegponsa’eo

app:auchlng Anttuders», bzouded their young at night and




than one male, and ulu
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frequently ‘during cold weather. When a female pairs
vuth an -dd:tmnnl male (s) . the primary male may lose
hex auistance in providing pa:ennl care and this
would bg .one reason a primary maxg would interfere when
subsequent males attenpt to mate with his f&-xe An
adaptive value for these fomms of parental investment
remains to be demon-:ueed‘ for smcted Sandpipaxa. :

’l‘hexe na utul a numbe: of probléms conca:mnq

" the clauiﬂcunon of polyandzy and muting lystems

generally which need to be xecogm"\d. mtt-.nbargn

(1979) ‘defined "true polyandry" as a'mating system in
R ~

which one femalé is the exclusive mate of. several -

males. Jenni lnd ‘Collier (1972) define "ttue polyandx

as.a nntmq dystem vlth one female being mted

‘simultaneously or having simultaneous pair-bonds wieh

more than one male. Graul et al. (1977') define -

polyandry as a system where-a f"“" forms pair-bonds

(not defined) simultaneously or sequentially with more

ume mn or nu of the
9ut-nn1 duties. These gena!al definitions \mu.ld
nppnnn:ly 1nc1ud. gn. nu:.ing uyntnm of the 'Mnnmus

('Hnnmidna) and Gxnnx Rhea (Rhea americana) whuu

mnng systems Emlen and Oring

1977) conlldlzad

specialized ca of polygyny coupled with male 4

i
H
|
t
|
!
]




\
“incubation. Jemni (1974) has, described the Greater Rhea
as "polygynoua-pulyandzoua , and-polyandry in the t
TaamanxaHatlve Hen (Tribonyx mortierii) appears-to be ;
a unique form of' cooperative breeding among genetically B

related individuals. . ; IR |
The important dxstwction in all of these caseu

; can'cexns the special relationship between members of a

! zepxnduccive pair, collectivaly zafez:od to as.a

* . "pair-bond", and whether polyandrous’ Eemales #ainthin v 5

patz-bonds with multiple males simultaneously or bond

“sequentially in non-overiapping felationabipe. Although

f ¢ ‘the concept of pair-bond has become a key cancept for |

! classifying polyandry andother mating uystems, the - i

, SRS term has been widely used without definition or the -
Aaﬁx_air.ions provided hre go amorphous’ that the

‘necessary distinctions cannot be made..For example, ; 1}

Sl 2 Jenni (1974) suggested that most.vertebrate mating N
g - systems can be classified in kerms of the number of
| individuals with which on-'xndxwd'uu forms pux-nbndg. . 1 ] Y

“After- me: inning the dxfncuuxas of pxaciaely deiiiing

]
D the texm'\pai -hnnd and making compazlaons of bondxng =F - }

relations 8. uczou species, Jenni xen::ictn his. usé

of the term to_ mean "thlt a nule und a female capulata *

_Hith one anoth‘x."' The utﬂity OE this dafinitlon




1
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of usmg his scheme for classxfyxng

.. the’ concepc of pplz-bondn ‘in classifying mating

quickly bresks down,-when Jengi - (1974 130) defines
promiscuous systems as those wheze no pair-bonds-are
formed. Selander. (1972) introduced a’classification -
scrfeme which emphasizes the temporal duration of ’

pair-bonds, to'distingGish be dxfferent mating

_systems. Selander (1972) also acknowledged the

difficulty of defining paiz-bond, thossh for purposes ’

nng systems he

B
makes no snggastion as to how témpozul duration of

these honamg relationships should be measured. As

another example, Brown (1975) has used the term

"mates" and "Pair—bond" without deiinitiona 1n

his classification of mating systems, Wittenberger

(1979) - embraces the terminology of - Selande: (1972) and- -

4in distinguishing between successiva and simultaneous
polyandry, intfoduces the term "acquite" uhich s not
defined: polyandrous ‘females ‘acquire their mates in
tem; ral succession or all at the same time. on uhgt
bnr: are such dntincclona to be made?

A In oxder for xaneqxcheu to compqza observations

. of xap:oduetive behaviour and to test the utility of

syséhia,. the -:-ntaziu used and nus,ump_t.ionl made. .

iconcerning the formation, maintenance and termination

|
!
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of bonding relationships must be made explicit. Some

researchers (Hays 1972; Howe 1975; Schamel & Tracy
1577) have attempted this. If the ‘concept of pair-bond
. cannot be usefully employed in the qlassitication of

mating systems, -lte:natxve clasmhcation schemes

‘should be considered (e.g., Ralls 1976:922; ‘Emlen &

oring 1977). uehduqn alternative criteria for 'defining 8

may still (ncotpornta &he' pair-bond concept to
diatmguxsh between some mating -ynt-ml (see

Introduction):. ) 2 P i

Female Spotted snndpipezs are nu:nully considered

! mating systems have been proposed, these! new criteria ", ;j |
I
|

tn be serially polynnd:au- b-cau:c they ochte with®

two or more males successively, leaving Gerlier males

& to 1ncuhata after clutch completion and ahannq )

incubation with’their final mate (Hays 1972; Oring &
Maxson 1978). Oring and Maxson' (1978).reported a

-, ' ) 'nelting history for ont':k'a-lxe épdt‘(ed Sandpiper which

¢ suggested to them that she maintained pair-bonds with

lllltiple llmlel !llultlnlcu!ly. This female was ob-uved
- courting und copu}ntlng wn:h a second mlc on dates .
i . which avatluppcd the pc:iud when she was ltﬁl hying
Aﬂ:er cluteh: compleuun ukm 4

eggs for ter.firat mate.
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while continuing to consort with her second male. The
. following season this same female retuzrned to the nest -
of a first male to brood his<young.during several days
when she was also seen copulating with her third male. ' i
. oring and Maxson (1978) felt thatthis indicated smmg . -

. simultaneous benaxng affinities between the famale ‘and . i

these criteria, of cemala'ne'uung,—on Green Island: . © .

(w-r) would' be classified as; simultunnou!)._y : : i
i

| . heér first ("through his clytch™) and, thitd Raies. Using :
[ polyandzous‘ W-F fed, preened, peltuzed and nest’s
} - . searched with a second male-(NB-H) before complating :
! her clutch for her n:_-i;. male (W/0-M). She also
retirned to share incubation with her first male when
j his eggs meared hatching and subsequently shared in

. il 3 g
- brooding activiti

Interpretation of the pair-bond relationship for

" W-F and W/0-n is complicated by the obu:v-uan"um on

seven occasions whilp W-F consorted with her ncond

male-and bo!.'on !Qtutnlng to incubaca at ner Htut

when he approached el in'what were apparent stenpts g .

to. Eead with her.” ‘l‘h-ﬁe agg:aasiv- snnr ctions cunnnt Lt

i
nest, shg chased .and bahnvad aggre llvlly cowud- H/O- fary }
t

‘be e:plainud as tc:riconial Lntauctlonl\ as they = i

sdcond mate - i

o4 i

Covn ,(wha:a ‘W-F ana 'her,

) i £ 'occutud ln Ra
; . ot

LT AT
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had their nest) and at the area below W/O-M's nest
.where he fed throughout the summer. When W-F returned
to help W/0-M with his young the pair: stood, pastured
and preened together though. the frequency of these
behaviours seemed :educed relanve fo the pre- and
egg-laying | penods. No bahavmurs uuggutlng a

pair-bond were ob: xvea betveen W-F and H/O-H dut!ng

“the period. from clutuh pletion until WoF to

incubate fdth him., A problem enen is not to ' B

operationally define the opset.of a pair-bond

. relationghip for this paif hut to measure n- duration

P and st(ength Addiﬂonn dutincnonl‘betvecn‘

attachments to.an indxvxdul (pnz-bomi) and to a
tax!ltoxy, nest or bxcod, need to be made, if such

distinction:

are polnbl.e, . i

 Hays (1972) reported a poly.ndxod- :q.u who,
after producing a clutch/fox her second ulc, p!ovldad 2
a replacement clutéh for her first-male after he lost

his .first set of eggs. Schamel and -Tracy (1977) studied

Red Phalaropes (Phalaropus fulicarius)vand noted one

pclyandtoul female who, four days after completing a’

\—
clutch with ufnacnn mate, returned \:o’hax firpt mata

tnd ud at, unn with him, 'xhey sugge-tad that. bonding

unh a second m.:a dou not always imply chnt ‘a

i
i
i
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female's bond with her first male is broken. Detailed

observatjions ‘of pair-bond relationships between

polyandrous female Spotted Sandpipexq'-nd males in .
% different bxo-dlng'_conditionu are necessary before

2 S, b N
conclusions can be drawn concerning the strength,

duration and tl\ii:tlx_-txgﬁa of th?sev:alationuhips. %
"M.le it wou:d' appe‘ax ‘that polyand:oql mut‘in'bq:a:e,

a regular featire of Spotted Sandpiper reproductive

" behaviour,  the ‘xmpnxc'-ne'fm_::exp iav;iing the ontogeny "

and evolution of this mating system remdin unclgar. For

J ", example, the prominence of territorial behaviour seems
/

to vary considerably between'populations where
pélyandcy has been Zoutd o vicurs Mesningful satimates
of food resources within a given area “for fiembers of

N this opportunistic species would be informative, though

difﬁxnult‘to*de‘givn (see Appendix 1). 3 s

Summary

Two individually kaed{emla Bp&:t?q Sandpipers

each mated with two males on Green Ill‘nnd’,

Newfqundland. One. of these females mated simultaneously

with hqx'_tw-o ﬁlsl u“ccotl_ding to pair-bonding c;ﬁei
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9g: by’ Eizﬂ _These results suggest
tiant'poxy_ungxy in s;{o:c'ed sandpipers™\s widespread.

The use of pair-bondihg relationships, for which

" no operational definition is availdble, to dxi:xng‘{iah
different; mating, systems seens. inadgguate. Even with

rece: t attampu to establish alternative criteria to-_

classify mating .systems, y:z-hondlnq characteristics

rémain the primary cfiteria for distinguishifg between ~

sinultaneous and sequential.polyandry, and researchers
need to be more precise in defining pair-bonding
behayiour. . 2 -

Several results wer xpected and conflict with |

some previods reports. Mot notably, sexual dimorphism
based on perceived differences in'size and plumage’

. l Z -
markings did not provide a reliable means of 3

determining sex for this population. More dizect

measurement  of wing and w.aightlfxun this population

&ndkcuta ‘that avuuqu size differences are

nignuxmntly less than some xepoztu hava 8Ugg! n:cd.

Additional data reviewed.here suggest that average u;ze

differences for this -pai:u'u‘ may vary éeog'np):icuuy o

' and be less than what "is"ganerally xeported as “typical.

for this species. In nddltion, it was found eh-t d

.:garliex reports suggesting that clutch size for.Spotted




ﬂq female niqht-. More

,_-" _' that clitch n_
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[Appendix’ Iv Food and Feeding ‘Behaviour.
® Limited-observations indicate that feedifg habits.
of spo;ce& Sandpipers hesting on Green Islafd are .

nppoztunxstic and an accutate assessment of food

xesuurces for thls'specles wnuld be difficult Eeedln 3

“was mant frequant:ly obsezved at or near' the waterline
amonq marine vegetation and ‘ephefetal rock.ponds which:

occur there. .Birds feeging'jin such’ areas ,typu:ally _‘ %

B

‘,sinve identxﬂcatinn of -these foods ' was no‘t
pbesible. CA : : )
,’” Dunng~hiqh tides -or when waves coveted these ::

3! axau,»buds fed higher in rocky toastal areas or moved

/  to grassy upland, areas..In these a:ean'bi:ds were {
.observed eating cryptic spiders and moths which rest on

rock surfaces warmed by the sun. C:ane fliu

(ripulidae) vere also taken. in'g assy areas; these

xnsects were often large and xequued exﬁanslve
‘handling before consnmptxon. A amall peziwinkla )
(Littorina) waskalso taken fxom rocky. areas’ small
Mysid schrimp (Neomysis amazicana) ‘wen.a taken ?.n small

semi-Permanent brackish ponds that occur in higher

rocky areas. On several occ/unons birds -were seen |

Probing with their, bius in expaaed peat at’ upland

\ . . .




alsa

! vx‘cavations were Eound xn ‘these. ateau. It wa‘
commnn o see 1neubat1ng bitd- eatxng insacta which
paued within' uac\, suggelcmq that food vas
abundantly dispersed ove:mund. L. found no

v evldence auggesung staxvanon of “young blrds as’

: gepo:cga/hy As Nash ' (pezsonal commbnication) for, net.
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