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Po l lu tan ts  inc lud ing  organochlor ine,  organophosphate, and 
carbamate pes t i c ides ,  po lych lo r ina ted  b ipheny ls ,  and heavy metals 
can a f fec t  behavioral or phys io log ica l  processes essent ia l  for  
reproduct ive success in b i rds (e .g . ,  see Stendell  1976; Brown 
1978:219-227, 233-239; Nhlendorf et a l .  1978). Most of these 
studies deal t  with e f fec ts  on waterfowl,  b i rds  of prey, or 
co lon ia l  waterb i rds .  Re la t i ve l y  l i t t l e  is known about the 
e f fec ts  of environmental contaminants on the reproduct ion of 
songbirds, although about 60 percent of a l l  l i v i n g  species of 
b i rds are passeriforms (Aust in 1971). 

F ie ld studies on the e f fec ts  of  a va r i e t y  of contaminants on the 
reproduct ion of songbirds are d i f f i c u l t  because of the l im i ted  
number and a c c e s s i b i l i t y  of  nests of  most species. The develop- 
ment of  a methodology for  the reproduct ion of  a North American 
passeri form in c a p t i v i t y  would f a c i l i t a t e  hazard assessment. A 
s im i l a r  approach was used success fu l l y  by Je f fe r i es  (Ig71) to 
study the e f fec ts  of DDT and DDE on reproduct ion of the Bengalese 
f inch (Lonchura s t r i a t a ) .  

In a study by Grue and Chr i s t i an  ( Ig81) ,  European s t a r l i n g s  
(Sturnus vu lga r i s )  reproduced successfu l ly  in c a p t i v i t y .  Clutch 
size and hatching and f ledg ing  success in b i rds given Nebraska 
Brand b i rd .  of prey d ie t  (Central Nebraska Packing Co., North 
P la t te ,  NB) z and frozen or l i v e  meal  worms (Tenebrio mo l i t o r ;  
Rainbow Mealworms, Compton, CA) and c r i cke ts  (Acheta domestica; 
Ghann's Cr icket Farm, I nc . ,  Augusta, GA) were s i m i l a r  to that  
reported for  f r e e - l i v i n g  s t a r l i n g s .  These resu l t s  suggested that  
s t a r l i n g s  could be used as a model for  examining the e f fec ts  of 
contaminants on reproduct ion of capt ive songbirds. 

Answers to several quest ions,  
p r a c t i c a l i t y  of  such experiments 
s t a r l i n g s  reproduce in c a p t i v i t y  

however, are needed before the 
can be assessed. F i r s t ,  w i l l  
when pa i rs  are housed i n d i v i d -  

1 Use of trade names or names of supp l ie rs  is for  i d e n t i f i c a t i o n  
purposes only and does not cons t i t u te  endorsement by the Federal 
government. 
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ua l l y?  Grue and Chr is t ian  (1981) used 4 or 10 pai rs  per pen, hut 
suggested that  the use of s ing le  pai rs  would reduce problems 
associated wi th  asynchronous breeding and excessive i n te rac t i ons  
among i n d i v i d u a l s .  Use of s ing le  pai rs  per pen would also 
improve s t a t i s t i c a l  comparisons because pa i rs ,  and not pens, 
would be the sampling u n i t .  Second, what quant i t y  of nes t l i ng  
d ie t  is  needed for  one pa i r  of s t a r l i n g s  to ra ise a brood? These 
data would permit determinat ion of the cost of fu ture  exper i -  
ments, and f a c i l i t a t e  se lec t ion  of methods for  contaminating 
nes t l i ng  d ie t s .  And t h i r d ,  what are the pen cha rac te r i s t i c s  
required? The ob jec t ive  of the present study was to provide 
answers to these quest ions.  

MATERIALS AND METHODS 

Forty-one pairs of adul t  (~ 1 year old) European s t a r l i n g s  were 
weighed, banded, and randomly assigned to i nd i v idua l  pens of 
d i f f e r e n t  dimensions and const ruc t ion  (Table 1). Rirds were 
placed in pens on I I  and 12 March lg81 and had been prev ious ly  
housed in large outdoor pens since t h e i r  capture in October or 
November 1980. Al l  pens contained a wooden nest box s im i l a r  to 
tha t  described by Kessel (1957), a perch, and a water source 
(15.2 l i t e r  s ta in less  steel pot wi th n ipples or a 3.~ l i t e r  
p l a s t i c  foun t ) .  Commercial turkey s ta r t e r  (Turkey Star ter  AP 
[medicated] Crumpels, Beacon M i l l i n g  Co., Cayuga, NY) and water 
were ava i lab le  ad l i b i t um  to adul ts  and f l e d g l i n g s .  Green 
a l f a l f a  hay and dry grass were provided as nest ing mater ia l .  The 
pou l t r y  ne t t ing  located behind the nest boxes in ad jo in ing  pens 
was covered wi th plywood or opaque a c r y l i c  panels to reduce 
aggression between males. 

Reproductive a c t i v i t y  of each pa i r  was monitored three times per 
week between 1300 and 1600 h. Pairs w i th in  pens in Groups A and 
D (the la rgest  and smallest pens, respec t i ve ly ;  Table I )  were 
allowed to ra ise t h e i r  young and each pa i r  was provided bird of 
prey d ie t  and frozen mealworms and c r i cke ts  in covered aluminum 
pans (supp l ie rs  of nes t l i ng  d ie ts  were those prev ious ly  
mentioned). Nest l ing d ie ts  were ava i lab le  to adul ts  5 days 
before young hatched. Consumption of nes t l i ng  d ie ts  by adul ts  
and t h e i r  young was monitored from hatching through 2~ days of 
age, three times da i l y  (0800, 1200, 160Q h),  by weighing the d ie t  
remaining in the pans and rep lac ing i t  wi th a weighed quan t i t y  of 
f resh d ie t  in excess of that  consumed during the same time period 
on the previous day. We did not quant i f y  the amount of each 
nes t l i ng  d ie t  consumed by adul ts  vs t h e i r  nes t l i ngs ,  or the 
amount of water in the d ie ts  l os t  through dehydrat ion.  Clutch 
size and hatching success were determined for  each nest ing 
attempt w i th in  each pen. Fledging s~Jccess was determined for  
pa i rs  w i th in  pens in Groups A and D. Once young hatched (Groups 
B and C) or young were 28 days old (Groups A and D), nests were 
removed and pa i rs  allowed to renest .  Hatchl ings in Groups R and 
C were sac r i f i ced  by CO asphyx ia t ion .  Nest l ings in Groups A and 
D were weighed at 182 days of age (1-3 days before f l edg ing ,  
Kessel 1957), and were removed from the pens when 30 days of age 
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Table I .  Pen charac ter is t ics .  

Group N u m b e r  Construction Dimensions (m) a 

A 5 open-wire, on ground 3 x 6 x 2 

B 5 open-wi~e, on ground 3 x 3 x 2 
5 covered , above ground 1.8 x 3.7 x 2 

C 8 open-wi~e~ above ground 1.5 x 1.5 x 1.8 
8 covered '~, above ground 1.7 x 1.8 x 2 

D I0 open-wire, above ground 1 x 1 x 0.8 

a Width x length x height. b Pens covered with aluminum roofs. 
c Pens also v isua l l y  isolated by plywood pa r t i t i ons .  

(adults continue to feed the i r  young for about l week a f ter  they 
leave the nest, Kessel 1957). Reproductive success in our 
captive s tar l ings  (clutch size, hatching and f ledging success, 
and pre-f ledging weights) was compared with that of f r ee - l i v i ng  
s tar l ings nesting in wooden boxes on the Patuxent Wi ld l i fe  
Research Center during the same time period. 

RESULTS AND DISCUSSION 

Reproductive success of captive pairs of s tar l ings varied among 
pen types (Table 2). Nest box u t i l i z a t i o n  (percentage of pairs 
that la id eggs), clutch size, and hatching success were greatest 
in the large, open-wire pens on the ground (pen groups A and R- 
open). Reproductive success was consis tent ly  lowest in covered, 
above ground pens in which pairs of adults were v isua l l y  isolated 
(pen group B-covered). Nest box u t i l i z a t i o n  and clutch size in 
pen group D (smallest pens) during the f i r s t  nesting period and 
pen group C-open during the second nesting period were s imi lar  to 
that in pen groups A and B-open, but hatching success was lower. 
Of the two pen types (A and D) in which adults were allowed to 
raise the i r  young, f ledging success was greater in the large, 
open-wire pens (pen group A). Average body weights of captive 
18-day old nestl ings were s imi lar  to weights of young from nests 
in the wi ld (Table 3). 

Clutch size and hatching and f ledging success in our captive 
s tar l ings were generally lower than average values for f i r s t  and 
second broods of f r ee - l i v i ng  s tar l ings in New York (clutch size : 
5.1 and 4.1, hatching success = 9N.5 and 80.3%, f ledging success 
= 81.4 and 68.3%, respect ively;  Kessel 1957), a combination of 
f i r s t  and second broods of f r ee - l i v i ng  s tar l ings on the Patuxent 
Wi ld l i fe  Research Center in 1Q81 (clutch size = 4.7, hatching 

a success = 91.14, f ledging success = 85.6~, n = 24), and pairs of 
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c a p t i v e  s t a r l i n g s  h o u s e d  i n  l a r g e  ( w i d t h  = 3 m, l e n g t h  = 12 m, 
h e i g h t  : 2 . 4  m ) ,  o p e n - w i r e  pens c o n t a i n i n g  f o u r  p a i r s  p e r  pen and 
a s i m i l a r  n e s t l i n g  d i e t  ( c l u t c h  s i z e  = 4 . 7  - 4 . 9 ,  h a t c h i n g  
s u c c e s s  = 8 8 . 8  - 90 .4%,  f l e d g i n g  s u c c e s s  = 6 3 . 1  - 100%; Grue and 
C h r i s t i a n  1 9 8 1 ) .  C l u t c h  s i z e  and h a t c h i n g  s u c c e s s  i n  o u r  mos t  
s u c c e s s f u l  pens  (A and B - o p e n )  we re  s i m i l a r  t o  t h a t  r e p o r t e d  by  
R i s s e r  ( 1 9 7 5 )  and S c h a f e r  e t  a l .  ( 1 9 8 1 )  f o r  pens  c o n t a i n i n g  10 
p a i r s  o f  s t a r l i n g s .  R i s s e r  r e p o r t e d  an a v e r a g e  c l u t c h  s i z e  o f  
4 . 2  eggs  and h a t c h i n g  s u c c e s s  o f  70 p e r c e n t ,  and S c h a f e r  e t  a l .  
( 1 9 8 1 )  r e p o r t e d  v a l u e s  o f  3 . 6  and 8 1 . 5  p e r c e n t ,  r e s p e c t i v e l y ,  
a b o u t  25 p e r c e n t  l o w e r  t h a n  t h a t  o f  f r e e - l i v i n g  s t a r l i n g s  n e s t i n g  
n e a r b y .  

Reasons  f o r  t h e  o b s e r v e d  d i f f e r e n c e s  i n  r e p r o d u c t i v e  s u c c e s s  
among o u r  pen g r o u p s ,  b e t w e e n  o u r  s t u d y  and t h a t  o f  Grue and 
C h r i s t i a n  ( 1 9 8 1 ) ,  and b e t w e e n  c a p t i v e  and f r e e - l i v i n g  s t a r l i n g s  
a r e  n o t  known .  R e p r o d u c t i v e  s u c c e s s  i n  c a p t i v e  s t a r l i n g s  was 
g r e a t e s t  i n  l a r g e ,  o p e n - w i r e  pens  on t h e  g r o u n d  t h a t  p e r m i t t e d  

Table 2. Reproductive success of pairs of adult (~ 1 year-old) European starl ings 
within di f ferent types of pens. 

Number of 
nest boxes Clutch Number of young [ X ~  SD (%)] 

Pen with eggs size 
group a Dates b n (%) ~ + SD Hatched c Fledged c 

FIRST NESTING 

A 11 Mar - 16 May 5 (100) 3.8 + 0.4 2.8 + 0.8 (73.7) 2.0 + 0 (71.4) 
B-open I i  Mar - 15 Apr 5 (I00) 3.2 T 0.8 3.0 T 1.2 (93.8) - - -  

B-covered I i  Mar - 23 Apr 2 (40.0) 2.0 T 0 1.0 T 0.7 (50.0) -- 
C-open 11 Mar - 26 Apr 5 (62.5) 3.6 T i . i  2.3 ~ 1.7 (63.9) -- 

C-covered I I  Mar - 19 Apr 4 (50.0) 2.8 u 1,3 2.5 T 1.7 (89.3) -- 
D I i  Mar - 20 May I0 (i00) 3.8 T 0.4 2.6 T 1.1 (68.4) 0.7 + 1.1 (26.9) 

SECOND NESTING 

d A 9 May - 16 May 5 (100) 3.5 + 1.3 . . . .  
B-open 16 Apr - 12 May 5 (100) 4.2 T 0.4 3.2 + 0.8 (76.2) -- 

B-covered 23 Apr - 17 May 3 (60.0) 4.0 ~ 1.0 2.7 ~ 0.6 (67.5) -- 
C-open 27 Apr - 20 May 8 (100) 3.5 u 1.4 2.3 T 1.4 (65.7) -- 

C-covered 20 Apt - 16 May 5 (62.5) 3.8 T 0.8 2.8 ~ 0.8 (73.7) -- 
D 21 May - 13 Jun 7 (70.0) 4.1 u 0.9 1.8 u 1.7 (43.9) 0 

THIRD NESTING 

A 16 May - 15 Jun e 5 (I00) 3.8 + I . I  3.0 + 1.7 (78.9) 0 
B-open 13 May - 7 Jun 4 (80.0) 4.0 T 0.8 2.0 ~ 1.8 (50.0) --  

B-covered 18 May - 6 Jun 2 (40.0) 2.0 u 1.4 - 0 --  
C-open 21 May - 7 Jun 4 (50.0) 4.0 u 0.8 2.3 + 2.1 (57.5) --  

C-covered 17 May - f7 Jun 2 (25.0) 3.5 ~ 0.7 1,5 ~ 2.1 (42.9) --  
0 . . . . . . . . . .  

a Pen characterist ics are described in Table 1. 
b From placement of birds in pens or removal of nests and hatchlings (B-D) or 

f ledgl ings (A and D). 
c For pairs that la id eggs. 
d Nests and eggs removed because f ledgl ings (< 28 days old) interferred with 

incubation behavior of adults. 
e Fledglings from f i r s t  nesting removed from pen. 
f End of reproductive ac t i v i t y .  
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Table 3. Body weights (g) of 18-day old European s t a r l i n g s  from 
nests of capt ive and f r e e - l i v i n g  adu l ts .  

n Mean SD Range 

Captive 16~ 75.4 7.6 60 - 88 
F r e e - l i v i n g  88 70.3 6.5 54 - 82 

a From 8 nests.  b From 24 nests located on the Patuxent W i l d l i f e  Research Center 
in 1981. 

i n t e rac t i on  (v isual  and aud i to ry )  between b i rds w i th in  ad jo in ing  
pens and normal foraging behaviors.  Age of capt ive s t a r l i n g s  
selected for  study may account for  the d i f fe rences between the 
reproduct ive success of our b i rds and that  of Grue and Chr i s t i an  
(1981) and between the reproduct ive success of capt ive and 
f r e e - l i v i n g  i n d i v i d u a l s ,  In those studies in which reproduct ive 
success of capt ive s t a r l i n g s  was lowest (Schafer et a l .  1981, and 
our s tudy) ,  many of the tes t  b i rds were probably breeding for  the 
f i r s t  t ime. In the w i ld ,  only a small number of s t a r l i n g s  breed 
t h e i r  f i r s t  year ,  and those that  do, produce f i r s t  c lutches that  
are smaller than those of o lder  b i rds ;  second c lutches are 
s im i l a r  in size to those of o lder b i rds (Kessel 1957; Co l l i ns  and 
de Vos 1966; Flux and Flux 1982). The greater number of eggs in 
the second c lutches of our s t a r l i n g s  compared to t h e i r  f i r s t  
c lutches was probably due to the presence of b i rds about l year 
o ld .  Our study suggests that  s t a r l i n g s  are capable of breeding 
t h e i r  f i r s t  year ,  but in the w i l d ,  t h e i r  reproduct ive a c t i v i t y  is 
probably l im i ted  by compet i t ion wi th o lder  b i rds for  nest ing 
c a v i t i e s .  

Dif ferences in the onset of breeding a c t i v i t y  and d ie t  do not 
appear to account for  the lower reproduct ive success of capt ive 
s t a r l i n g s  compared wi th  f r e e - l i v i n g  i n d i v i d u a l s .  Captive 
s t a r l i n g s  in our study ( f i r s t  egg l a i d  on 29 March) and those of 
Risser (1975) and Grue and Chr i s t i an  (1981) i n i t i a t e d  egg lay ing 
16 to 21 days before f r e e - l i v i n g  s t a r l i n g s  in the same v i c i n i t y ,  
probably in response to the greater a v a i l a b i l i t y  of nest ing 
mater ial  and c a v i t i e s ,  and food, and greater social  s t imu la t i on  
(Risser 1975). Early i n i t i a t i o n  of breeding could reduce 
reproduct ive success due to the adverse e f fec ts  of harsh ear ly  
spr ing weather on gonadal development and reproduct ive a c t i v i t y .  
However, the reproduct ive success of  capt ive s t a r l i n g s  that  
i n i t i a t e d  egg lay ing a few days a f te r  f r e e - l i v i n g  i n d i v i d u a l s  was 
s t i l l  lower than that  observed in the wi ld  (Schafer et a l .  
1981). Although Risser (1975) suggested that  the smal ler c lu tch  
sizes in his pens may have been a resu l t  of an inadequate d ie t  
for  maximum egg product ion,  Grue and Chr is t ian  (1981) reported 
c lu tch  sizes in capt ive s t a r l i n g s  given a s i m i l a r  d ie t  to be 
comparable to that  of t h e i r  f r e e - l i v i n g  counterpar ts .  We also do 
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not bel ieve that  d i f ferences between the basal areas of the nest 
boxes used by our capt ive s t a r l i n g s  (~52 cm 2) and those used by 
t h e i r  f r e e - l i v i n g  counterparts (252 - 813 cm 2) account for the 
observed d i f ferences in reproduct ive success. Reproductive 
success of f r e e - l i v i n g  s t a r l i n g s  appears to be inve rse ly  re lated 
to basal area (Moeed and Dawson 1979). 

The to ta l  amount of nes t l i ng  d ie t  consumed and the propor t ion of 
each component var ied wi th age of our capt ive nes t l i ngs  (Figs. 1 
and 2). The pat tern of consumption of nes t l i ng  d ie ts  corresponded 
c lose ly  to the growth curve of f r e e - l i v i n g  s t a r l i n g s  (Kessel 
1957). Our nes t l i ngs  appeared to be fed two to four  times t h e i r  
body weights (estimated from Kessel 1957) when 1 to 4 days old 
and 0.7 to 1.4 times t h e i r  body weight between 4 and 18 days of 
age (Fig.  I ) .  Consumption of nes t l i ng  d ie ts  reached i t s  peak at 
about day 13 and decreased u n t i l  f ledg ing (days 18 - 24), and 
then increased as young became independent of adul ts  and fed at 
the feeders. When nes t l i ngs  were 1 to 7 days o ld ,  they were fed 
p r ima r i l y  mealworms (54 - 83% of the d ie t  removed by adu l ts ,  Fig.  
2).  F r o m  day 8 to day 24, the propor t ion of the nes t l i ng  d ie t  
removed by the adul ts  cons is t ing  of c r i cke ts  increased to a high 
o f  58 percent whi le  the propor t ion cons is t ing  of mealworms 
decreased to as low as 35 percent.  The amount of mealworms 
adul ts  and nes t l i ngs  consumed r e l a t i v e  to c r i cke ts  increased 
a f te r  day 23 when young s tar ted feeding at the feeders. The 
propor t ion of the nes t l i ng  d ie t  removed cons is t ing  of b i rd of 
prey d ie t  remained r e l a t i v e l y  constant dur ing nes t l i ng  
development (Fig.  2).  We estimate t ha t ,  in the presence of 
adu l ts ,  about 1,465 g of nes t l i ng  d ie t  (150 g b i rd  of prey d i e t ,  
675 g mealworms, 640 g c r i c ke t s )  are necessary for  adul ts  to 
ra ise one young to 28 days of age. This is  in add i t ion  to the 
turkey s ta r t e r  ava i lab le  to the adu l ts ,  but which is not fed to 
the nes t l i ngs  by t h e i r  parents.  

To our knowledge, our study and tha t  of Grue and Chr is t ian  (1981) 
are the f i r s t  successful attempts to induce s t a r l i n g s  to lay eggs 
and rear young in c a p t i v i t y ;  previous attempts ( M i l l e r  1969) 
f a i l e d .  Since most capt ive-bred passerines are exot ic  to North 
America and attempts to breed nat ive  species in c a p t i v i t y  have 
been only p a r t i a l l y  successful (Knos and St ick ley  1974), the 
resu l t s  of our study and others (Risser 1975, Grue and Chr is t ian  
1981, Schafer et a l .  1981) suggest that  capt ive s t a r l i n g s  may be 
a su i tab le  model fo r  determining the po ten t ia l  e f fec ts  of 
environmental contaminants on North American passerines. Single 
pa i rs  w i th in  pens may be used which improves s t a t i s t i c a l  designs, 
avoids problems in the i n t e r p r e t a t i o n  of resu l t s  due to polygamy, 
and reduces i n te rac t i on  between pa i rs  which may lead to mor ta l i t y  
of adul ts  and i n t e r f e r e  wi th parental  care. We observed no 
mor ta l i t y  in our study, whereas others wi th  more than one pa i r  
per pen (Risser 1975, Grue and Chr is t ian  1981, Schafer et a l .  
1981) reported mor ta l i t y  of 18 to 31 percent in males and 7 to 14 
percent in females, due p r i m a r i l y  to aggression dur ing nest-box 
and mate se lec t ion .  Unfor tunate ly ,  optimum pen cha rac te r i s t i c s  
do not appear to vary wi th  the number of pa i rs  per pen; 
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Figure 1. Total consumption of nest l ing  d ie ts  by 1- to 28-day old 
s ta r l ings  and t h e i r  parents expressed as g per nest l ing  per day. 
Dots = means; v e r t i c a l  l ines = one standard dev ia t ion ;  sample size 
= 5-8 pens, 2-4 young/pen. 
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Figure 2. Composition of nest l ing  diets  consumed by 1- to 28-day 
old s ta r l ings  and t h e i r  parents expressed as the average percent -  
age of the to ta l  d ie t  consumed (F ig .  I ) .  Closely cross-thatched 
bars = frozen c r i c k e t s ,  open cross-thatched bars = frozen meal- 
worms, and the open bars = bird of prey d i e t .  
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r e l a t i v e l y  la rge,  adjacent open-wire pens on the ground appear to 
be necessary to maximize reproduct ive success. That s ing le  pairs 
reproduced in our smal lest above-ground pens, although not as 
success fu l l y  as those in larger  pens on the ground, suggests that  
add i t iona l  development of methods wi th b i rds at least  2 years old 
could improve reproduct ive success in small pens. 

Given adequate pen f a c i l i t i e s ,  the use of capt ive s t a r l i n g s  to 
determine the e f fec ts  of contaminants on egg product ion,  
incubat ion behavior ,  and egg f e r t i l i t y  would be r e l a t i v e l y  
inexpensive because b i rds need to be housed in tes t  f a c i l i t i e s  
only dur ing the breeding season, and nes t l i ng  d ie ts  do not need 
to be provided. This approach was used by Schafer et a l .  (1981) 
to  determine the e f fec ts  of avian chemoster i lants on s t a r l i n g s  
w i th in  pens conta in ing 1~ breeding pa i r s .  Although studies on 
the e f fec ts  of contaminants on the growth and surv iva l  of capt ive 
nes t l i ngs  are feas ib le ,  the costs associated wi th purchasing, 
prepar ing,  and present ing nes t l i ng  d ie ts  to an adequate number of 
breeding pa i rs  may be p r o h i b i t i v e .  

Few techniques appear to be p rac t i ca l  to contaminate the large 
number of insects needed for  a f u l l  reproduct ive t r i a l .  Insects 
could be given a contaminated food source for  a spec i f ied  period 
of time or u n t i l  they died. Producing a range of concentrat ions 
of a contaminant in insects  may be d i f f i c u l t  using t h i s  technique 
and would depend on the s e n s i t i v i t y  of the insects to the contam- 
inan t .  A l te rna t i ves  inc lude spraying insects w i th ,  or dipping 
insects i n t o ,  so lu t ions  conta in ing d i f f e r e n t  concentrat ions of a 
tes t  substance. With any of these techniques, contaminated 
insects  can be f rozen,  although they must be thawed before 
s t a r l i n g s  w i l l  read i l y  consume them. 

We do not know the minimum amount of time s t a r l i n g s  must be 
acclimated to c a p t i v i t y  before they w i l l  breed. In a l l  of the 
studies in which reproduct ion has been successfu l ,  s t a r l i n g s  had 
been prev ious ly  housed in outdoor hold ing pens; attempts ( M i l l e r  
1969) to breed recent ly  captured s t a r l i n g s  have f a i l e d .  Periods 
of  accl imat ion reported by Risser (1975), Schafer et a l .  ( lq~1) ,  
and our study were s i m i l a r ;  s t a r l i n g s  captured in la te  summer to 
la te  f a l l ,  and housed together in outdoor av ia r ies  u n t i l  January 
or March of the fo l low ing  year,  l a i d  eggs and hatched young. 

Dif ferences between the s e n s i t i v i t y  of s t a r l i n g s  and other 
passerines to contaminants must be considered when designing 
reproduct ive t es t s .  S tar l ings  do not appear to be as sens i t i ve  
to organochlor ine and chol inesterase (ChE) - i nh ib i t i ng  compounds 
as some other songbirds (Schafer and Brunton 1979). This,  
however, does not reduce the u t i l i t y  of s t a r l i n g s  as a model for  
other species of songbirds, as long as exposure indices ( e . g . ,  
bra in ChE a c t i v i t y )  are used to ex t rapo la te  resu l t s .  Although 
greater  exposure to a p a r t i c u l a r  contaminant may be necessary to 
induce e f fec ts  in s t a r l i n g s  compared wi th some other songbirds, 
we assume tha t  s im i l a r  e f fec ts  would be expected among species in 
which these ind ices ind ica te  a s i m i l a r  degree of i n t o x i c a t i o n .  
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