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ABSTRACT 

American robin (Turdus migratorius) eggs from orchard areas of the Okanagan Valley, British 

Columbia contain high levels of dichlorodiphenyltrichloroethane (DDT) and its metabolites. 

These contaminants are present in the soil as a result of heavy historical use. DDTs accumulate 

in the earthworms that live in the soil and are passed to the robins through their preference for 

earthworms as a food source during the breeding season. These chemicals are then passed to the 

offspring via the egg yolk and in the diet. Despite the high residue levels found in these robins, 

no impairments in their reproductive success have been found. In order to assess more subtle 

and/or long term effects of DDTs on a variety of parameters, ten-day old nestlings were collected 

from the Okanagan, along with controls from the Lower Mainland of British Columbia, and 

raised and bred in captivity. Eggs were collected in order to measure contaminant levels. Total 

DDTs in the Okanagan eggs ranged from 5.7 to 277.6 pig/g (mean 49.3 pig/g), whereas in the 

Lower Mainland eggs they ranged from 0.4 to 3.4 pig/g (mean 1.5 pig/g). Eggs collected from 

the Lower Mainland and Okanagan were of similar weights, lengths, and widths. Okanagan 

chicks collected in 1997 had significantly shorter middle toes than the other birds, and appeared 

to lag in their tarsus growth. As adults, these birds laid smaller eggs than the Lower Mainland 

controls, but showed no differences in the timing of their reproductive activities, their laying, 

hatching, and fledging success, or their reproductive behaviors. They demonstrated an increased 

susceptibility to infectious disease, lower corticosterone levels during the early phases of a 

restraint test, and enlarged hearts, livers, and kidneys. Although robins in the Okanagan continue 

to thrive and reproduce despite their high levels of contamination, DDT likely has the potential 

to influence several aspects of their lives, as evidenced by the many significant correlations with 

in ovo exposure. However, it remains that genetic differences between the Lower Mainland and 

Okanagan birds may account for many of the effects seen. 
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the N a t i o n a l W i l d l i f e Research Center i n H u l l , Quebec . B o d y weights and measures, b l o o d 

samples , b l o o d smears, hematocri ts , stress response test ing, phy tohemagg lu t in in s k i n testing 

obtained and conducted by L a u r i e W i l s o n and others. B l o o d samples were co l lec ted by Lau r i e 

W i l s o n and others. W h i t e b l o o d c e l l counts were conducted by L o r i Smi th . T h y r o i d hormone 

and corticosterone levels were ana lyzed by T racy Marchan t at the U n i v e r s i t y o f Saskatchewan, 

Saskatoon, Saskatchewan. B l o o d lead levels were ana lyzed by E w a Neugebauer at the N a t i o n a l 

W i l d l i f e Research Center. M y c o p l a s m a diagnosis conducted by the A n i m a l H e a l t h Centre at the 

B r i t i s h C o l u m b i a M i n i s t r y o f Agr i cu l t u r e , F o o d , and Fisher ies . B i r d s were housed at M o n i k a ' s 

W i l d l i f e Shelter, Surrey, B r i t i s h C o l u m b i a p r io r to sexual matur i ty and cared for by M o n i k a 

T o l g s d o r f and her staff. B i r d s were sacr if iced and dissected by M a l c o l m M c A d i e . A l l statistical 

analyses were conducted by L o r i S m i t h w i t h help f rom K i m C h e n g . 
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O v e r v i e w 

Chapter I 

T h i s chapter represents a r ev iew o f some o f the avai lable literature o n D D T and provides 

background informat ion o n D D T and its detrimental effects especia l ly o n birds. Focus is g i v e n 

to effects o n g rowth and surv iva l , reproduction, behavior , and the stress response. 

Chapter II 

T h i s chapter provides background informat ion o n the study area (the Okanagan V a l l e y o f 

B r i t i s h C o l u m b i a ) and species (the A m e r i c a n rob in) u t i l i z e d for this research. Inc luded is 

informat ion on so i l , ear thworm, and A m e r i c a n rob in D D T contaminat ion. 

Chapter III 

T h i s chapter examines the effects o f early D D T exposure o n the g rowth and su rv iva l o f 

A m e r i c a n rob ins f r o m the O k a n a g a n V a l l e y , B r i t i s h C o l u m b i a . E g g contaminants , egg 

measurements, c h i c k measurements, t hy ro id hormone levels , i m m u n e response, mor ta l i ty , and 

tissue weights at sacrif ice are inc luded . The goal o f this part o f the study was to determine i f 

Okanagan birds are at a disadvantage i n terms o f g rowth and su rv iva l as compared to con t ro l 

birds from the L o w e r M a i n l a n d . 

Chapter I V 

T h i s chapter focuses on the effects o f early D D T exposure o n reproduct ion and behavior 

i n A m e r i c a n robins. B r e e d i n g pairs were observed for nest b u i l d i n g , egg l a y i n g , egg hatching, 

and c h i c k f ledging . Reproduc t ive behaviors i n c l u d i n g mat ing , nest b u i l d i n g , and parental care 

were moni tored , as w e l l as v o c a l behaviours (e.g., s ing ing , ch i rp ing) , maintenance behaviors 

(e.g., eating, d r i nk ing , preening), and aggressive behaviors (e.g., charg ing , chas ing, b i t ing) . In 

addi t ion , a subset o f breeding pairs were b l o o d sampled o n a regular basis i n order to moni to r 

t h y r o i d hormone levels . The offspr ing o f these birds were also w e i g h e d and measured, their 

su rv iva l moni tored , and their tissues we ighed upon sacrif ice. The goal o f this part o f the study 

was to determine i f b i rds exposed to D D T exposure ear ly i n l i f e suffered f r o m decreased 

reproduct ive success, as compared to L o w e r M a i n l a n d b i rds , and i f they demonstrated any 

alterations i n their behaviors w h i c h cou ld influence their su rv iva l and reproductive success. 
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Chapter V 

T h i s chapter deals w i t h a second set o f eggs and birds co l lec ted f rom the Okanagan and 

L o w e r M a i n l a n d i n order to l ook more c lose ly at the effects o f early D D T exposure o n i m m u n e 

response and other parameters that can inf luence i m m u n e response. E g g contaminants were 

determined, eggs and ch i cks were w e i g h e d and measured, t h y r o i d hormones , whi te b l o o d c e l l 

ra t ios , hematocr i t s , and T - c e l l med ia t ed i m m u n e responses were eva lua ted , as w e l l as 

cort icosterone levels dur ing a restraint stress test. The goa l o f this study was to determine i f 

early exposure to D D T and its effects o n immun i ty , t hy ro id hormones, and corticosterone release 

p layed a role i n the cocc id ios i s infections and subsequent deaths o f a number o f j uven i l e robins 

(Chapter III). 

Chapter V I 

T h i s chapter serves as an o v e r v i e w o f the results found i n the previous chapters, as w e l l 

as p rob lems encountered d u r i n g the course o f the study, th ings that c o u l d have been done 

differently, other factors that may have p layed a role i n the results, impl ica t ions o f these f indings , 

and avenues for future research. 
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Chapter I 

Introduction 

1.1. What Is D D T ? 

Dich lo rod ipheny l t r i ch lo roe thane , better k n o w n as D D T , i s an organochlor ine pest ic ide 

that was first p roduced i n 1873. It was rediscovered i n 1939, and at this poin t its insec t ic ida l 

properties were revealed. T h i s d iscovery was ha i led as "the most revolut ionary development i n 

the history o f pest cont ro l" and earned P a u l M u l l e r the N o b e l P r i ze for M e d i c i n e and P h y s i o l o g y 

i n 1948 (p. 1, M e l l a n b y , 1992). D D T was touted as the ideal pest icide. It was h i g h l y tox ic to 

insects, safe for plants and warm-b looded animals , non-irr i tat ing and odorless, w i d e l y appl icable , 

cheap and easy to produce, and long-last ing. N o n e o f the pesticides i n use at the t ime fu l f i l l ed a l l 

o f these cr i ter ia ( M e l l a n b y , 1992). It comes i n a variety o f forms, w i t h the para, para' (p,p') and 

ortho, para' (o,p') i somers be ing the most c o m m o n . C o m m e r c i a l or t echn ica l grade D D T is 

c o m p o s e d o f p r i m a r i l y p , p ' - D D T (65 - 9 0 % ) , w i t h 10 - 3 0 % o , p ' - D D T and a va r i e ty o f 

metaboli tes and other products (Jefferies, 1975; M e l l a n b y , 1992; W H O , 1989). There are t w o 

major routes o f me tabo l i sm o f D D T (F igure 1-1), w i t h the i n i t i a l change be ing either to D D E 

(d ich lo rod ipheny ld ich lo roe thy lene ) or D D D (d ich lo rod ipheny ld ich lo roe thane , also k n o w n as 

T D E ) . The p r imary D D T metaboli te i n l i v i n g tissues is D D E (Jefferies, 1975; S t i c k e l , 1973). 

U n d e r anaerobic condi t ions and post-mortem, D D T is metabo l ized p r i m a r i l y to D D D (S t i cke l , 

1973). 

D D T k i l l s insects by w o r k i n g as a nerve po i son . It m a y be ingested or absorbed through 

an insect's integument ( M e l l a n b y , 1992). A l t h o u g h D D T ' s molecu la r target and mode o f ac t ion 

have yet to be c lear ly def ined, it l i k e l y exerts its effects o n the nervous sys tem by b l o c k i n g 

po tass ium eff lux across the nerve a x o n membrane resul t ing i n an increased negat ive after-

potent ia l . Consequen t ly , it s lows d o w n the t u r n i n g - o f f o f s o d i u m conductance across the 

membrane and inhibi ts the turn ing-on o f potass ium conductance, p robab ly by interfering w i t h 

the energy m e t a b o l i s m requi red for i o n transport across the membranes ( B u n y a n & Stanley , 

1982; M u r p h y , 1980; Y o u n i s et a l . , 2002). 
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Figure 1-1: Schematic diagram of p,p*-DDT and its two primary metabolites, p,p'-DDD and p,p'-DDE. 
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D D T became c o m m e r c i a l l y ava i lab le i n 1941, and was first ava i l ab le as dusts and 

wettable powders for plant and fabric pro tec t ion and p u b l i c hygiene . D u r i n g W o r l d W a r II, 

D D T - c o n t a i n i n g products were used extensively to combat malar ia-car ry ing mosquitoes, typhus-

bear ing l i ce , and bubon ic plague-infested rat fleas. The number o f l ives saved w o r l d w i d e by 

D D T are numbered i n the m i l l i o n s , and the i l lnesses prevented i n the hundreds o f m i l l i o n s 

( M u r p h y , 1980). F o l l o w i n g W o r l d W a r II, D D T was s t i l l used to combat disease-transmitt ing 

insects i n areas o f outbreak, but its use shifted to p r imar i ly plant protection. Fru i t tree pests were 

a m o n g the first to be con t ro l l ed by D D T products . D D T also found success against insects 

damaging everything f rom vegetables to forage crops, cotton to forests ( M e l l a n b y , 1992). 

1.2. T h e T r o u b l e w i t h D D T 

M a n y o f the quali t ies that made D D T such an efficient pest icide also made it a cause for 

concern . A l t h o u g h not h i g h l y vo la t i l e or water so luble , D D T s can adsorb to par t ic les and be 

carr ied by w i n d and water to a l l ecosystems o f the w o r l d (Repetto & B a l i g a , 1996). T h e y can 

remain i n soi ls for more than 50 years ( C o l b o r n et a l . , 1993), where they may be consumed by a 

variety o f organisms. Because D D T s are very l i p o p h i l l i c , they can bioaccumulate i n l i p i d - r i c h 

t issues and b i o m a g n i f y i n f o o d webs . Therefore , they can be passed o n to o f f sp r ing and 

predators far r emoved f ron i the o r i g i n a l exposure ( M u r p h y , 1980; Repetto & B a l i g a , 1996). 

D D T is non-selective and, therefore, damaging not on ly to detrimental insects, but also benef ic ia l 

ones (Carson, 1962; M u r p h y , 1980). A s D D T was non-irr i ta t ing, w i d e l y appl icable , cheap, and 

easy to produce, it tended to be over-used, and often proper care was not taken to a v o i d over-

spraying, to l i m i t dosages, and to prevent contaminat ion (Carson , 1962). It is this over-use o f 

D D T that l i k e l y cont r ibuted to the r ap id deve lopment o f resistance i n a number o f insects 

( M e l l a n b y , 1992). The metaboli tes, by-products , different i somers , and contaminants o f D D T 

m a y also have different effects than the parent c o m p o u n d ( M u r p h y , 1980), and as D D T s are 

rarely found alone, pest ic ide mix tures m a y have addi t ive or synergis t ic effects (Fos s i , 1998; 

M c A r t h u r et a l . , 1983; T y l e r et a l . , 1998). 

A l t h o u g h m u c h less tox ic than many o f its predecessors (and successors), D D T has been 

l i n k e d to a number o f an imal deaths. Non-target species may be acutely or chron ica l ly poisoned, 

a l though there is great var iab i l i ty i n species sensi t ivi ty to the tox ic effects o f D D T (Banerjee et 

a l . , 1996; C a r s o n , 1962; M u r p h y , 1980). F i s h , for example , are h i g h l y susceptible to D D T 

po i son ing , w i t h fish such as the d w a r f perch (Micrometrus minimus) demonstrat ing L C 5 0 levels 
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as l o w as, and even lower than, 0.3 p.g/liter o f water. Smal le r fish tend to be more at r i sk than 

larger fish o f the same species ( W H O , 1989). M a m m a l s and birds do appear to be re la t ive ly 

tolerant to the t ox i c effects o f D D T s , but w i l l succumb to h i g h dosages and some species are 

more sensi t ive than others are. T h e L D 5 0 for A m e r i c a n b r o w n bats (Eptesicus fuscus), for 

instance, may be as l o w as 25 m g D D T / k g i n a single dose ( W H O , 1989). The L D 5 0 (oral) for 

male lab rats (Rattus norvegicus), o n the other hand, is 217 m g / k g technical grade D D T , and 880 

m g / k g D D E ( M u r p h y , 1980). W h i l e the difference i n suscept ibi l i ty to D D T po i son ing between 

insects and other organisms m a y s i m p l y be due to differences i n scale ( M e l l a n b y , 1992), there 

are also l i k e l y to be differences i n their respective nervous systems. F o r example , mammal s do 

not appear to have a par t icular pro te in that is part o f the sod ium/po tas s ium p u m p i n nerve 

membranes ( Y o u n i s et a l . , 2002) . 

A s i d e f rom its potent ial t ox ic i ty , D D T can have other detr imental effects. It has been 

suggested that D D T s are teratogenic, d i s rup t ing the o rgan iza t i on o f the b r a i n and b o d y o f 

d e v e l o p i n g embryos and l e a d i n g to a l tered c o g n i t i o n and behav io r , as w e l l as p h y s i c a l 

deformities ( C o l b o r n et a l . , 1996). D D T and D D E have been s h o w n to induce nerve c e l l death 

and suppress the differentiation o f these cel ls i n rats and have been l i n k e d to the deterioration o f 

neurobehavioral functions i n D D T - e x p o s e d workers ( S h i n o m i y a & S h i n o m i y a , 2003) . There is 

a lso ev idence that D D T disrupts s o d i u m conductance i n nerve ce l l s , s i m i l a r to that seen i n 

insects. S o d i u m channels are he ld open i n D D T po i soned animals leading to tremor, hyper-

exc i t ab i l i t y , and changes i n the levels o f some neurotransmitters ( H o n g et a l . , 1986). The 

carc inogenic i ty o f D D T is s t i l l under debate, but it has been shown to cause hepatic tumors i n 

rodents and has been l i n k e d to both breast and test icular cancers ( M u r p h y , 1980; Repetto & 

B a l i g a , 1996) . D D T s have been s h o w n to d is rupt the endocr ine sys tem by m i m i c k i n g , 

agon iz ing , or an tagoniz ing the functions o f endogenous hormones ( C o l b o r n et a l . , 1996). A s 

w e l l , they m a y have detrimental effects o n no rma l immune system funct ioning (Banerjee et a l . , 

1996; Barnet t & Rodgers , 1994; Repetto & B a l i g a , 1996; Street, 1981; V o c c i a et a l . , 1999). 

Because o f its potential as an envi ronmenta l contaminant and heal th r isk , the use o f D D T was 

banned i n Canada, the U n i t e d States, Great B r i t a in , and other indust r ia l ized countries i n the early 

1970's ( M e l l a n b y , 1992). 

1.3. Effects of DDT on Birds 

S o m e o f the first pub l i c debates about D D T arose as a result o f this chemical ' s effects o n 

b i rds (Car son , 1962). "It was not un t i l the A m e r i c a n p u b l i c became aware o f the poss ib le 
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ext inc t ion o f the A m e r i c a n R o b i n , because D D T causes para lys is o f its central nervous system, 

that something was f ina l ly done to save i t and other species.. . . i t was the A m e r i c a n R o b i n that 

became the s y m b o l o f the fight to stop the use o f this deadly chemica l . " (p. 80, Wauer , 1999). 

B i r d s m a y be more sensi t ive to D D T s and other chemica l s than m a m m a l s because o f their 

re la t ive ly smal le r l i v e r , r a p i d rates o f f o o d intake associated w i t h maintenance o f h i g h b o d y 

temperature, and the potential reabsorption o f ur inary metabolites f rom the c loaca (Rattner et a l . , 

1984). T h e y tend to respond very q u i c k l y to pes t ic ide use, but their ab i l i t y to absorb and 

metabol ize chemica l s m a y vary d ramat ica l ly . B i r d s that eat other b i rds or f i sh usua l ly have 

higher residues than those that eat seeds, vegetation, or m a m m a l s (S t i cke l , 1973). Insectivores 

also accumulate higher D D T burdens than granivores ( K l e m e n s et a l . , 2000) . The hal f - l i fe o f 

DDE was found to be between 200 and 300 days for herr ing gul ls (Larus argentatus) (Braune & 

N o r s t r o m , 1989), 229 days for c o m m o n grackles (Quiscalus quiscalus), 250 days for p igeons 

{Columbia livia) (S t i cke l et a l . , 1984), and 129 days for Japanese q u a i l (Coturnix japonica) 
(Braune & N o r s t r o m , 1989; N o r s t r o m et a l . , 1986). It can take up to 988 days for 9 5 % o f a 

b i rd ' s body burden o f D D T s to be depleted (S t i cke l , 1973). 

1.3.1. Effects oh G r o w t h and S u r v i v a l 

1.3.1.1. Adult Survival 
A l t h o u g h considered on ly moderately tox ic to birds ( W H O , 1989), i n h i g h doses, D D T 

can result i n mor ta l i ty . E x t r e m e l y h i g h mor ta l i ty rates were seen i n some species du r ing the 

height o f D D T use (Carson , 1962). A n app l ica t ion o f 5.6 k g o f D D T per hectare resulted i n 

immediate reductions i n populat ions o f songbirds and invertebrates i n an up land ha rdwood forest 

i n Pennsy lvan ia ( B l u s , 1996). The use o f DDD to control gnats i n C lea r L a k e , C a l i f o r n i a dur ing 

the 1950's decimated the popula t ion o f western grebes (Aechmophorus occidentalis). N o t o n l y 

d id many o f the adults d ie , the r ema in ing ones f a i l ed to reproduce (Carson , 1962; F r y , 1995; 

M e l l a n b y , 1992). Th i r ty pig/g o f D D T plus D D D i n the bra in has been estimated as the l ower 

lethal l i m i t i n birds ( B l u s , 1996). There is , however , a great deal o f var ia t ion i n the levels o f 

D D T and its metaboli tes i n the brains o f different species that d i ed f rom D D T . B r a i n levels o f 

DDT, for instance, have been reported to range f r o m 15 p.g/g i n A m e r i c a n rob ins (Turdus 
migratorius) that d ied i n tremors f o l l o w i n g spraying to cont ro l D u t c h e l m disease, to 40 pig/g i n 

brown-headed cowbi rds (Molothrus ater). L e t h a l D D D levels var ied f rom 2 p,g/g i n northern 

bobwhi te qua i l (Colinus virginianus) to 99 p„g/g i n brown-headed cowbi rds . B r a i n residues o f 

DDE var ied f rom less than 1 \xglg i n most species studied to highs o f 57 pig/g i n dead A m e r i c a n 

file:///xglg
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robins . T h i s suggests that there m a y be species differences i n the me tabo l i sm , storage, and 

excre t ion o f D D T ( B l u s , 1996). Q u a i l tend to b u i l d up higher concentrations before death than 

other species, and pigeons are unusual ly susceptible to D D E po i son ing (S t icke l , 1973). 

1.3.1.2. Offspring Growth and Survival 
D D T s accumulate i n eggs i n propor t ion to the amount rece ived by the mother (Oh lendor f 

et a l . , 1978; S t i cke l , 1973), w i t h the residue content o f each egg reflect ing the relat ive levels i n 

the female at the t ime o f y o l k l i p i d deposi t ion (Fo x et a l . , 1978). E m b r y o s are exposed not o n l y 

to the parent compound , but also its metabolites. Concentra t ions o f D D T s m a y or m a y not vary 

between eggs w i t h i n a c lu tch as the mother's l i p i d stores are m o b i l i z e d (Oh lendo r f et a l . , 1985; 

Ott inger et a l . , 2001) . C h i c k e n s (Gallus) may deposit up to 3 4 % o f their da i ly p , p ' - D D T intake 

into their eggs, a long w i t h 4 2 % o f their p , p ' - D D E and 3 .5% o , p ' - D D T ( C e c i l et a l . , 1972). A s 

they cannot be excreted f rom the egg, D D T s are present dur ing a l l c r i t i ca l per iods o f embryon ic 

development (J imenez, 1997). Effects o f D D T o n the embryo or ha tchl ing m a y be manifested i n 

an ent i rely different w a y , and w i t h permanent consequences as compared to effects seen as a 

result o f exposure on ly i n adul thood. These effects may not become apparent un t i l the offspr ing 

reach ma tu r i ty or even m i d d l e age ( C o l b o r n et a l . , 1993) , and the extent o f po t en t i a l 

developmental abnormali t ies cannot be predicted f rom chemica l exposures i n adults ( K e l c e et a l . , 

1998). In ovo exposures m a y result i n mor ta l i ty , reduced ha tchabi l i ty , was t ing syndrome , 

skeletal abnormali t ies , and impa i red differentiat ion o f the reproduct ive and nervous systems i n 

offspring (Fry , 1995). 

D D T s m a y increase embryo mor ta l i ty , as seen i n barn o w l s (Tyto alba), b l ack ducks 

(Anas rubripes) ( B l u s , 1996), Bengalese finches (Lonchura striata) (Jefferies, 1971), C a l i f o r n i a 

gul ls (Larus californicus) (Fry & Toone , 1981), Japanese qua i l (Chang & Stokstad, 1975; L i l l i e 

et a l . , 1972), mal la rds (Anas platyrhynchos) ( L i l l i e et a l . , 1972; W H O , 1989), and ch ickens 

(Br i t ton et a l . , 1974; L i l l i e et a l . , 1972; Sauter & Steele, 1972). It is poss ible for eggs to carry 

enough D D T and metabolites to cause h i g h morta l i ty among ch icks hatched f rom them wi thout 

affecting their ha tchabi l i ty ( B l u s , 1996; Jefferies, 1971; Jones & Summers , 1968; L i l l i e et a l . , 

1972; W H O , 1989). F o r example , b l ack ducks that were fed 10 m g / k g D D E over two breeding 

seasons had reduced d u c k l i n g su rv iva l to three weeks o f age and this cont inued even two years 

after D D E dos ing had ceased ( W H O , 1989). Bengalese f inches fed p , p ' - D D T at bo th l o w (1-50 

p,g/day/bird) and h i g h (51-250 pg/day/bi rd) doses for s ix weeks p r io r to breeding exhib i ted not 

o n l y a decrease i n ha tch ing , but also c h i c k s u r v i v a l . W h i l e 9 6 . 3 % o f the ch i cks hatched to 
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control pairs su rv ived to fledging, on ly 75 .8% o f the ch icks f rom l o w dosed birds and 4 8 . 3 % o f 

the ch icks f rom h i g h dosed birds surv ived that l ong . M o s t o f the ch icks from treated pairs d i ed 

w i t h i n a day o f hatching (Jefferies, 1971). Japanese qua i l that consumed approximate ly 28 m g 

o f p , p ' - D D T dur ing the first week o f a study and 22 m g du r ing the second week , showed no 

differences i n their ha tchabi l i ty , but 7 9 % o f the c h i c k deaths occur red w i t h i n three days o f 

ha tch ing , most w i t h c lear symptoms o f D D T p o i s o n i n g (tremors, loss o f balance, col lapse) 

(Jones & Summers , 1968). A s n e w l y hatched ch icks re ly o n stored y o l k for nutr i t ion for the first 

f ew days post-hatch, these early deaths cou ld be attributed to the absorption o f a large quantity o f 

pest icide f rom the y o l k (Br i t ton et a l . , 1974; Jefferies, 1971; Jones & Summers , 1968). Other 

factors m a y inc lude the stress o f hatching, inadequate feeding or b rood ing by the parents, or 

reduced weight at hatching due to smaller egg sizes (Jefferies, 1971). 

Three hundred m g / k g o f D D T has been suggested as the c r i t i ca l l eve l i n the diet o f whi te 

l eghorn hens for negat ive effects o n progeny performance , as it results i n increased c h i c k 

mor ta l i ty and decreased c h i c k body weigh t . T h e o f f spr ing o f hens fed 310 or 620 m g / k g 

t echn ica l grade D D T for 133 days had s ign i f ican t ly l o w e r b o d y weights at t w o weeks o f age 

compared to controls (Br i t t on at a l . , 1974). C h i c k e n s , however , appear to be more resistant to 

the effects o f D D T o n g rowth dur ing the rear ing pe r iod than w i l d birds ( L i l l i e et a l . , 1972). 

Impai red g rowth has been reported i n the offspr ing o f birds exposed to a variety o f chemica ls , 

i n c l u d i n g D D T s . Great L a k e s her r ing gu l l s , and other f i sh eat ing birds , have been s h o w n to 

exh ib i t g rowth retardation and deformit ies , associated w i t h in ovo exposure to contaminants 

(Fox , 1992; T y l e r et a l „ 1998; V o s et a l . , 2000). 

1.3.1.3. Hormonal Influences 

The t h y r o i d g l and hormones , t r i iodothyronine and th ryoxine , p lay an important role i n 

phys i ca l g rowth and development (S ingh et a l . , 1968), behaviora l , intel lectual , and neuro log ica l 

development (Hauser et a l . , 1998), and feather g rowth and mol t (S ingh et a l . , 1968; W e n t w o r t h 

& R i n g e r , 1986). These hormones not o n l y act to increase o x y g e n consumpt ion , g lucose 

ox ida t ion , heat p roduc t ion , and l i p o l y s i s , and regulate temperature (Jefferies, 1975), they also 

induce l inear g r o w t h , p ro t e in synthesis , and skele ta l matura t ion . In add i t i on , they have 

permiss ive effects o n g rowth hormone target cel ls , they mediate the secretion o f growth hormone 

f rom the pi tu i tary g l and (Bolander , 1994; N e l s o n , 2000) . T h e t h y r o i d glands o f e m b r y o n i c 

ch ickens become funct ional and secrete thyrox ine after ten to e leven days o f incubat ion . T h e 

pi tui tary g land becomes sensit ive to thyrot ropin releasing hormone f rom the hypothalamus as 
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ear ly as s ix to seven days, w i t h the t h y r o i d glands b e c o m i n g sensi t ive to t h y r o i d s t imula t ing 

hormone at the same t ime . T h y r o x i n e concentrat ions increase d u r i n g e m b r y o development , 

whereas t r i iodothyronine levels remain l o w . The concentrations o f both hormones peak o n the 

day o f p ipp ing and then decrease after hatch unt i l adult levels are reached (Wentwor th & Ringer , 

1986). 

Jefferies and F r e n c h (1969) reported that the t hy ro id glands o f feral p igeons fed 3 to 36 

m g D D T / k g / d a y for s ix weeks were twice as heavy as those o f controls . The thyroids o f dosed 

bi rds had smal ler fo l l i c l e s , less c o l l o i d , and hyperplas t ic epi thel ia , regardless o f the dose l eve l . 

S i m i l a r results were found i n birds dosed w i t h D D E (Jefferies, 1975). Female Japanese qua i l fed 

150 m g / k g D D E for 120 days had s ignif icant ly enlarged thyro id glands despite be ing o n a c lean 

diet for 85 days pr ior to sacrif ice (Richer t & Prahlad , 1972). In the same study, the thyroids o f 

b i rds fed 100 m g / k g D D T or 200 m g / k g D D A (2 ,2-bis(4-chlorophenyl) -acet ic acid) were not 

s ign i f ican t ly heavier than those o f controls . U n l i k e pigeons , D D T and D D E dosed q u a i l had 

enlarged thy ro id g land fo l l i c l e s . The D D E treated group also demonstrated a reduct ion i n I 1 2 5 

uptake (Richer t & Prah lad , 1972). B o b w h i t e qua i l fed 500 m g / k g techn ica l grade D D T had 

enlarged thyro id glands after three months o n treatment, and an increase i n I 1 3 1 uptake between 

one and three months o f treatment (Hurst et a l . , 1974). 

Because t h y r o i d hormones are instrumental i n the con t ro l o f metabo l ic rate, they can 

inf luence func t ion ing o f the l i ve r and the heart. B o b w h i t e q u a i l fed 500 m g / k g D D T had 

enlarged l ivers after two months o f treatment (Hurst et a l . , 1974). H o m i n g pigeons fed 18, 36, or 

72 m g / k g p , p ' - D D T every second day for 42 days s h o w e d inc reas ing l i v e r we igh t s w i t h 

increasing dose. The thyro id g land weights o f these birds also increased as the concentrat ion o f 

D D T i n the l ive r increased. It has been suggested that this increase i n l ive r size m a y have been 

due to increased hepatic ac t iv i ty and metabo l i sm o f c i rcu la t ing hormones (Jefferies & F r e n c h , 

1969). D D T is k n o w n to induce e n z y m e b r e a k d o w n o f hormones ( P e a k a l l , 1967). L i v e r 

hyper t rophy and l i v e r g l y c o g e n accumula t i on can be i nduced by h y p o t h y r o i d i s m i n c h i c k s 

(Wen twor th & Ringer , 1986). T h y r o x i n e can accelerate heart rate and increase heart we igh t i n 

domest ic fowls (Jefferies, 1975) and s imi la r effects were seen w i t h D D T i n pigeons. B i r d s fed a 

l o w dose o f D D T exhib i ted increases i n ampli tude o f the ventr icular beat and heart weight , but 

birds fed a h i g h dose showed heart beat ampli tudes lower than that i n controls , decreased heart 

we igh t s , and t h i n , f l a c c i d heart muscu la tu re . L o w doses o f D D T i n p igeons p roduce 

h y p e r t h y r o i d i s m and an increase i n m e t a b o l i c rate, whereas h i g h e r doses resu l t i n 

hypo thy ro id i sm and a decrease i n metabol ic rate. Bengalese f inches, i n contrast, do not appear 
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to deve lop h y p o t h y r o i d i s m symptoms w i t h increas ing doses o f D D T , o n l y hype r thy ro id i sm. 

Heart rate, beat ampli tude, and weight continue to increase w i t h increasing dose i n this species 

(Jefferies, 1975). Treatment w i t h thyroxine results i n a s imi l a r trend i n c h i c k growth . In sma l l 

doses, thyroxine improves growth , doses beyond p h y s i o l o g i c a l levels depress g rowth rate, and 

t ox i c doses accelerate catabolic processes and reduce body weight (S ingh et a l . , 1968). 

It has been suggested that o rganochlor ine contaminants alter t h y r o i d func t ion ing by 

d i s rup t ing the transport o f t r i iodo thyron ine and thy rox ine by p r e a l b u m i n (transthyretin) and 

t h y r o i d b i n d i n g g l o b u l i n (mammals ) . H o w e v e r , on ly the D D T metaboli te D D O H (2,2-bis(4 '-

chlorophenyl)e thanol) has been s h o w n to b i n d transthyretin, a lbei t w i t h l o w aff ini ty , and o,p'-

D D D and D D O H b i n d thyro id b ind ing g l o b u l i n w i t h affinities 70 - 800 fo ld lower than thyroxine 

(Cheek et a l . , 1999). A number o f researchers purport that D D T s decrease t h y r o i d hormone 

l eve l s by inc reas ing hepat ic e n z y m e ac t iv i ty ( C h e e k et a l . , 1999; M c A r t h u r et a l . , 1983; 

O h l e n d o r f et a l . , 1978) . P a r a , p a r a ' - D D T and o , p ' - D D T are k n o w n inducers o f hepat ic 

m i c r o s o m a l cy tochrome P -450 monooxygenase w h i c h catalyzes the me tabo l i sm o f numerous 

xenobiot ics as w e l l as endogenous steroids (Kupfer & Bu l g e r , 1980; R o b i s o n et a l . , 1984). Th i s , 

i n turn, c o u l d result i n enlarged l ivers ( B u n y a n & Stanley, 1982; Orbe rg & L u n d b e r g , 1974). 

D D T s may also affect the t hy ro id glands indi rec t ly v i a the hypotha lamic-p i tu i ta ry- thyro id axis . 

Die ta ry levels as l o w as 2 m g . k g D D E can dramat ica l ly reduce b ra in levels o f dopamine and 

norepinephr ine i n r i n g doves (Streptopelia risoria). T h e n o r m a l feedback loops th rough the 

hypothalamus m a y then be par t ia l ly b l o c k e d due to l o w levels o f neurotransmitters that w o u l d 

influence the pituitary gland's release o f thy ro id s t imulat ing hormone and eventual ly the release 

o f hormones by the thy ro id glands ( M c A r t h u r et a l . , 1983). 

G o n a d a l hormones m a y also affect g rowth . C h i c k s treated w i t h androgens showed a 

reduct ion both i n body weight and skeletal g rowth (Fenne l l & Scanes, 1992). H o w e v e r , in ovo 

exposure to the anti-androgen, F lu tamide , has also been s h o w n to suppress body weight i n male 

ch icks (Burke , 1996). B u r k e (1996) has suggested that embryon ic androgens not o n l y influence 

post-hatching growth i n male chickens, they also p lay a role i n the sexual asymmetry observed i n 

c h i c k e n b o d y we igh t s . G r o w t h o f the neu romuscu l a r sy s t em m a y also be enhanced b y 

testosterone i n both male and female birds ( S c h w a b l , 1993). Est rogens are k n o w n to p l ay a 

c ruc ia l role i n bone development ( M i g l i a c c i o et a l . , 1995; Oestreicher et a l . , 1971), as w e l l as the 

g rowth and function o f many organs i nc lud ing the brain , breast, l iver , organs o f the reproductive 

sys tem, and the ca rd iovascu la r sys tem ( M c L a c h l a n & A r n o l d , 1996). A v i a n embryos are 

exposed not o n l y to their o w n hormones , but also to hormones f r o m their mothers . B o t h 



10 

es t radiol and testosterone have been s h o w n to be transferred into the egg ( S c h w a b l , 1993; 

W i l l i a m s , 1999). D D T s m a y inf luence the levels o f gonada l hormones by i n d u c i n g hepatic 

steroid hydroxylases w h i c h b reakdown gonadal hormones (S t i cke l , 1973; Thomas , 1998). T h e y 

m a y also inhibi t gonadotropin secretion (Rattner et a l . , 1984), leading to a decrease i n the release 

o f gonadal steroids. Thus , there i s the potential for D D T s to have s ignif icant effects o n the levels 

o f gonadal hormones and therefore g rowth and development . N o relat ionships, however , were 

found be tween p , p ' - D D T leve ls i n tree s w a l l o w (Tachycineta bicolor) eggs f r o m southern 

Ontar io orchards and estradiol and testosterone levels i n ch i cks (B i shop , v a n der K r a a k , et a l . , 

1998). 

1.3.2. Effects o n the Immune Sys tem 

A variety o f pesticides, i nc lud ing D D T , are k n o w n to cause impai rment o f the vertebrate 

i m m u n e system. They may target the funct ion o f any o f the ce l lu lar , sub-cel lular , or molecu la r 

components o f the i m m u n e sys tem (Banerjee, 1999; Repet to & B a l i g a , 1996). A chemica l ' s 

effects o n the i m m u n e sys tem m a y be suppressive and lead to an increased suscept ib i l i ty to 

infect ious diseases (Banerjee, 1999; G r a s m a n et a l . , 1996), or it can be i m m u n o s t i m u l a t o r y 

lead ing to hypersensi t iv i ty , au to- immuni ty , and a l le rgy ( B i s h o p , Boe rmans et a l . , 1998; S t i l l e r -

W i n k l e r et a l . , 1999). B i r d s contaminated w i t h D D T s m a y be more prone to succumb to 

infectious diseases and parasites. C h i c k e n s fed 10, 30, or 50 m g / k g D D T o n alternate days for 8 

to 38 days demonstrated an increased suscept ib i l i ty to the parasite Histomonas meleagridis. 

D u c k s fed 500 and 900 m g / k g D D T for 10 days had higher mor ta l i ty rates than controls w h e n 

exposed to a hepatitis v i rus (Banerjee et a l . , 1996). In contrast, ch ickens g i v e n feed conta in ing 

500 m g / k g D D T for v a r y i n g per iods showed an increase i n resistance to M a r e k ' s disease and 

Mycoplasma gallisepticum. T u r k e y s o n a s i m i l a r diet were less suscept ible to hemor rhag ic 

enteritis v i rus (Co lmano & Gross , 1971). 

The number and p ropor t ion o f the var ious leukocytes , or whi te b l o o d ce l l s , i n c l u d i n g 

lymphocy tes , heterophils /neutrophils , monocytes , basophi ls , and eos inophi ls , reflect the heal th 

status o f i nd iv idua l s . T h e t y p i c a l response to infect ious diseases i n b i rds is a n increase i n the 

total l eukocyte count, m a i n l y because o f increases i n heterophi ls and lymphocy te s ( D u f v a & 

A l l a n d e r , 1995). Injecting 2 or 4 m g / k g p , p ' - D D E into Japanese qua i l eggs resulted i n birds w i t h 

higher leukocyte numbers ( Q u i n n et a l . , 2002) . C a s p i a n terns (Sterna caspia) f rom the Great 

L a k e s showed increas ing he te rophi l : lymphocyte ratios w i t h increas ing D D E , a l though her r ing 

gul ls f rom the same areas d i d not exhibi t this pattern (Grasman et a l . , 1996). A number o f other 
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hemato log ica l parameters may also be inf luenced by D D T contaminat ion. Four i e and Ha t t ingh 

(1979) treated c rowned guinea- fowl (Numida meleagris) w i t h 7 5 % pure D D T at 75 m g / k g body 

weigh t v i a esophageal canula for s ix days. A n a l y s e s o f the p l a s m a f rom these birds revealed 

increased carbon d i o x i d e and choles tero l , decreased hematocr i t and red b l o o d c e l l numbers , 

r educed h e m o g l o b i n , po tass ium, b l o o d sugar, and urea, as w e l l as e levated ac t iv i ty o f the 

enzymes a lkal ine phosphatase, lact ic dehydrogenase, and creatine phosphokinase. 

B o t h humora l and cel l -media ted i m m u n i t y may be altered by D D T exposure. Japanese 

quai l from eggs injected w i t h p , p ' - D D E had s ignif icant ly higher bursa o f Fabr ic ius weights than 

contro ls , a l though they showed no differences i n h u m o r a l i m m u n e responses ( Q u i n n et a l . , 

2002). O n the other hand, D D T administered to chickens at doses o f up to 800 m g / k g f rom hatch 

to s i x weeks o f age, fa i l ed to affect bursa weights and ant ibody response to b o v i n e se rum 

a l b u m i n , but reduced i m m u n o g l o b u l i n levels ( G l i c k , 1974). A n t i b o d y titers to Salmonella 

pullorum or bovine serum a l b u m i n antigen were s ignif icant ly higher i n birds rece iv ing 50 or 125 

m g / k g D D T for two weeks than i n controls and birds r ece iv ing higher doses. D D T at doses o f 

100 or 500 m g / k g over t w o weeks , d i d not inf luence agg lu t in in titers to sheep red b l o o d c e l l 

antigen i n chickens , a l though immunog lobu l in s were reduced (La t imer & Siege l , 1974; R i s h i & 

G a r g , 1993). G r a s m a n et a l . (1996), however , found no evidence for contaminant associated 

suppression o f total antibody and i m m u n o g l o b u l i n G responses f o l l o w i n g inocula t ion w i t h sheep 

red b l o o d ce l l s i n either herr ing gul l s or C a s p i a n terns. T - lymphocy te s mature i n the thymus , 

regulate immune responses, and attack virus-infected and malignant cel ls (Grasman et a l . , 1996). 

T h e phy tohemagg lu t i n in s k i n test is often used to measure the pro l i fe ra t ive potent ia l o f T -

lymphocy tes i n response to a mi togen (Smits & W i l l i a m s , 1999). H e r r i n g gu l l s and C a s p i a n 

terns f rom the Great L a k e s demonstrated a decrease i n phy tohemagg lu t in in response as D D E 

levels increased (Grasman et a l . , 1996). A decrease i n D N A synthesis i n lymphocytes exposed 

to phy tohemagg lu t in in was also found i n rabbits treated w i t h p , p ' - D D T ( K a n n a n & Sharma , 

1979) and humans contaminated w i t h o , p ' - D D T (Lee & Park , 1979). Logge rhead sea turtles 

(Carreta carreta) w i t h h i g h organochlor ine levels , however , showed an increase i n mi togen -

induced lymphocyte prol i ferat ion ( K e l l e r et a l . , 2002) . 

1.3.3. Effects o n Stress Response 

O f a l l the endocrine tissues, chemica l l y induced lesions are most frequent i n the adrenal 

glands o f b i rds exposed to envi ronmenta l contaminants. T h e h i g h l i p i d content o f the adrenal 

cortex makes it par t icular ly susceptible (Lorenzen et a l . , 1999), especia l ly to the effects o f l i p i d 
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soluble organochlor ine compounds l i k e D D T . S ign i f ican t accumula t ions o f D D T s have been 

found i n the adrenal glands o f both m a m m a l s and birds ( B i e s m a n n & v o n Faber , 1981; L a t i m e r 

& S iege l , 1974). Some metaboli tes o f D D T have been s h o w n to be adrenotoxic i n bi rds . F i v e 

week o l d chickens treated w i t h as l i t t le as 5 m g / k g o f technica l grade D D T over several weeks 

exh ib i t ed a s ign i f ican t decrease i n cor t icosterone concentra t ions ( L a t i m e r & S i e g e l , 1974; 

L o r e n z e n et a l . , 1999). D D D has been shown to cause atrophy i n the adrenal cortex o f mammals 

( B i e s m a n & v o n Faber, 1981; Jonsson et a l . , 1994). O r t h o , p a r a ' - D D D (mitotane) is so effective 

at decreasing levels o f g lucocor t i co ids it has even been used to treat patients suffer ing f r o m 

Cush ing ' s syndrome and adrenal ca rc inoma , and to pe r fo rm c h e m i c a l adrenalectomies i n the 

treatment o f breast and prostate cancers (Peakal l , 1967; Thomas , 1998). In birds, however , D D T 

treatments are more l i k e l y to result i n increased adrenal g land weights and a higher percentage o f 

cor t i ca l ce l l s ( B i e s m a n n & v o n Faber , 1981). P igeons dosed w i t h p , p ' - D D E or p , p ' - D D T for 

eight weeks exhib i ted a decrease i n adrenal g land weight at 6 mg/kg /day , but then a s ignif icant 

increase w i t h increasing dosage (Jefferies, 1975). 

The net effect o f the stress response is an increased ava i l ab i l i t y o f energy, increased 

o x y g e n intake, decreased b l o o d f l o w to body areas not necessary for su rv iva l and movement , 

i n h i b i t i o n o f d iges t ion , r ep roduc t ion , i m m u n e func t ion , g r o w t h , and p a i n pe rcep t ion , and 

enhancement o f m e m o r y and sensory funct ion (Ne l son , 2000) . A n increase i n corticosterone is 

u sua l ly the first s ign i f i can t response to stress ( P u v a d o l p i r o d & T h a x t o n , 2000) . P l a s m a 

cort icosterone levels i n ch ickens restrained by hand, for example , began to increase w i t h i n 45 

seconds and were s i x - f o l d h igher than basal concentrat ions w i t h i n eight minutes o f hand l ing 

(S iege l , 1980). T h y r o i d hormones are also released i n t imes o f stress, as they are important 

regulators o f m e t a b o l i s m ( N e l s o n , 2000 ; S t i c k e l , 1973). E n l a r g e d adrenal glands have been 

found i n birds and mammal s w i t h hypofunct ioning thyro id glands, as w e l l as increased levels o f 

a d r e n o c o r t i c o t r o p i c (Jeffer ies , 1975) . A d m i n i s t r a t i o n o f t h y r o x i n e m a y decrease the 

concentrat ion o f corticosterone b i n d i n g g lobul ins , thus in f luenc ing the ac t iv i ty and me tabo l i sm 

o f this stress hormone (Harvey et a l . , 1986). 

C h i c k e n embryos are capable o f secreting g lucocor t ico ids by day s ix o f incubat ion. They 

experience a surge i n corticosterone product ion around day fifteen o f incubat ion (Harvey et a l . , 

1986). The hypothalamus-pi tu i tary-adrenal axis o f deve lop ing c h i c k embryos is sensi t ive to 

stressors such as changes i n env i ronmen ta l temperature ( L o r e n z e n et a l . , 1999). L e v e l s o f 

corticosterone begin to rise at the t ime o f hatching but decl ine post-hatch, and for a b r i e f pe r iod 

f o l l o w i n g ha tch ing , neonatal b i rds m a y be re la t ive ly insens i t ive to env i ronmen ta l stressors 
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(Harvey et a l . , 1986). S i m i l a r patterns are seen i n rats where corticosterone is secreted by the 

fetus i n response to stressors dur ing the late fetal stage o f gestation, but for the first t w o weeks 

after b i r th , rat pups have ext remely l o w levels o f adrenal steroids and are hyporespons ive to 

stress. T h i s suppress ion o f the stress response m a y be necessary for n o r m a l g r o w t h and 

deve lopment ( K a w a t a , 1995), as increased cort icosterone levels i nh ib i t g r o w t h and skele ta l 

development (Siegel , 1980). 

E l eva t ed levels o f adrenocor t icotropic or g lucocor t i co ids have been s h o w n to result i n 

i nvo lu t ion o f the av ian bursa and thymus (Harvey et a l . , 1986; S iege l , 1980), as a result o f B - and 

T - c e l l apoptosis (Lechne r et a l . , 2001) . Severa l studies have reported depressed an t ibody 

p roduc t ion i n stressed b i rds (Bolander , 1994; H a r v e y et a l . , 1986; L a t i m e r & S i e g e l , 1974; 

S i e g e l , 1980). G l u c o c o r t i c o i d s serve as an t i - in f l ammato ry agents, s t a b i l i z i n g l y sosomes , 

l ower ing antibody levels , inh ib i t ing leukocyte migra t ion , and destroying lymphocytes (Bolander , 

1994). W h i l e corticosterone lowers the number o f c i rcu la t ing lymphocytes i n av i an b l o o d , the 

populat ions o f heterophils and other granulocytes are often elevated (Harvey et a l . , 1986; S iege l , 

1980). 

There are a variety o f theories o n h o w D D T s exert their effects o n the adrenal glands and 

hormones . A s D D T is an inducer o f m i x e d func t ion oxidase enzymes , it m a y d i m i n i s h the 

b i o l o g i c a l act ivi ty o f estrogens, androgens, and g lucocor t i co ids by p romot ing their me tabo l i sm 

i n the l ive r ( B u n y a n & Stanley, 1982; K u p f e r & Bu lge r , 1976). D D T may influence the adrenal 

glands ind i rec t ly v i a effects o n the t h y r o i d or pi tui tary glands ( B i e s m a n n & v o n Faber , 1981; 

Jefferies, 1975). It has even been suggested that D D T may act as a cort icosterone m i m i c and 

b i n d to corticosterone receptors, at least i n the Senegal w a l k i n g frog (Kassina senegalensis) and 

potential ly other amphibians (Hayes et a l . , 1997). 

D D T exposure i t s e l f m a y serve as a stressor. Sub- le tha l doses o f D D T , and other 

contaminants, have been shown to p rovoke stress responses i n rats (S t i cke l , 1973). A s w e l l , the 

stress response m a y potentiate the tox ic effects o f D D T . F o r example , i n m i c e , D D T - i n d u c e d 

i m m u n e suppression m a y be due p r i m a r i l y to stress. Short- term, sub-lethal D D T exposure i n 

conjunct ion w i t h restraint stress y i e l d e d the same decrease i n ant ibody titers as l o n g t e rm D D T 

exposure alone (Banerjee, 1999). D D T is stored i n an animal 's adipose tissue, w h i c h sequesters 

it away from the nervous system and v i t a l organs. W h e n these fat reserves are u t i l i zed , the D D T 

is m o b i l i z e d . A n y events that speed up this m o b i l i z a t i o n m a y k i l l apparently healthy animals 

l ong after exposure and at dosages that w o u l d not no rma l ly k i l l them (S t i cke l , 1973). In bi rds , 

stressors associated w i t h m o l t i n g , migra t ion , and reproduct ion c o u l d m o b i l i z e lethal leve ls o f 
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D D T s ( B u n y a n & Stanley, 1982; G i s h & C h u r a , 1970; O h l e n d o r f et a l . , 1978; S t i c k e l , 1973). 

Japanese q u a i l pa r t i a l ly s tarved p r i o r to p , p ' - D D T dosage were more suscept ib le to D D T 

in tox ica t ion than were those not hunger stressed. M o r t a l i t y o f A m e r i c a n robins i n D D T treated 

areas was highest du r ing the breeding season ( G i s h & C h u r a , 1970; O h l e n d o r f et a l . , 1978; 

S t i c k e l , 1973). T h e b i rds w o u l d have lost a considerable amount o f we igh t du r ing the spr ing 

mig ra t i on , and thus m o b i l i z e d any D D T that was stored i n their bodies . M a l e s were more 

susceptible than females, as they cont inued to lose weigh t w h i l e establ ishing and defending their 

breeding territories. O n l y two o f 50 brown-headed cowbi rds fed 40 m g / k g D D T for eight weeks 

d ied dur ing treatment. S i x birds, however , d ied after be ing put o n a c lean diet, as a result o f the 

stress induced by workers entering the cage. N o qua i l d ied dur ing s ix months o f dos ing w i t h 25 

m g / k g D D T , but eight d i ed w h e n the birds were forced to mol t (S t i cke l , 1973). It is l i k e l y that 

steroid homeostatic mechanisms can deal w i t h most sub-lethal contaminant residues ( B u n y a n & 

Stanley, 1982), but w h e n homeostasis is disrupted by stress, the result ing hormona l disturbances 

may be enough to have profound effects o n a variety o f systems. Exposu re to toxicants is o f 

par t icular concern dur ing development because many o f the feedback mechan i sms needed to 

main ta in homeostasis are not yet functional (Cr i sp et a l . , 1998). 

1.3.4. Effects o n Reproduc t ion 

D D T exposure has been l i n k e d to reduced fe r t i l i ty , suppress ion o f egg fo rma t ion , 

eggshe l l t h inn ing , i m p a i r e d i ncuba t ion and c h i c k rear ing behav ior , and other reproduc t ive 

p rob lems i n b i rds (F ry , 1995). There i s a great deal o f species d ivers i ty i n the effects o f D D T 

and its metaboli tes o n reproduct ion . B r o w n pel icans (Pelecanus occidentalis) are a m o n g the 

mos t sensi t ive, s h o w i n g depressed reproduct ion w h e n egg D D E leve ls reach 3 p g / g and total 

reproduct ive failure w h e n levels exceed 3.7 pg /g ( B l u s , 1996). Domes t i c chickens , o n the other 

hand , appear to be ve ry tolerant o f D D T exposure , a l though reports are c o n f l i c t i n g . F o r 

example , one study reports that hens fed 25 m g / k g o f p , p ' - D D T , o , p ' - D D T or p , p ' - D D T for 28 

weeks , f o l l owed by doses o f 300 m g / k g for an addi t ional 12 weeks showed no decrease i n their 

fert i l i ty, whereas another study found decreased egg p roduc t ion after two months o f feeding as 

l i t t le as 10 m g / k g technica l grade D D T ( L i l l i e et a l . , 1972). Fer t i l i ty was reduced i n Bengalese 

finches fed l o w (1 - 50 pig/day/bird) or h i g h (51 - 250 pg/day/bird) doses o f p , p ' - D D T and p,p '-

D D E for s ix weeks (Jefferies, 1971) and Japanese qua i l fed 400 m g / k g D D T for as litt le as three 

days ( L i l l i e et a l . , 1972). Parental mortal i ty i n these qua i l was also increased ( L i l l i e et a l . , 1972). 
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D D E con tamina t ion has l o n g been associated, i n a number o f species , w i t h reduced 

eggshel l qual i ty and th inning . T h i n eggshells lead to an increased incidence o f b roken eggs and 

inevi tably , lowered reproductive success ( C e c i l et a l . , 1971; S t i cke l , 1973; W H O , 1989). In w i l d 

b i r d populat ions, average eggshel l th inning greater than or equal to 18%, over several years, has 

been l i nked to popula t ion declines (B lus & Henny , 1997). W h i l e D D E adversely affects eggshell 

qual i ty , it does not seem to affect the size or shape o f the eggs. The effects o f D D E o n eggshel l 

thickness are species specif ic , w i t h G a l l i f o r m s and L a r i d s showing l i t t le sensi t ivi ty ( B l u s et a l , 

1997). 

D D T s m a y also induce changes i n the t i m i n g o f reproduct ive events. M a l l a r d s , r i n g 

doves , Japanese q u a i l , and Benga lese finches have demonstrated delays i n egg l a y i n g after 

dos ing w i t h D D E or D D T ( C e c i l et a l . , 1971; Jefferies, 1971; W H O , 1989). In the finch, this 

delay between pa i r ing and ovu la t ion was s t i l l present i n the second generation (Jefferies, 1971). 

It is possible that the delay i n the r ing doves was due to longer retention o f the egg i n the ov iduc t 

i n the absence o f the proper l ay ing st imulus, an adequate nest ( W H O , 1989). 

1.3.4.1 Hormonal Influences 

M a n y o f the detr imental effects o f D D T s o n reproduct ion are related to their endocrine 

d is rupt ing capabi l i t ies . These substances can act by : 1) m i m i c k i n g endogenous hormones , 2) 

antagoniz ing normal endogenous hormones, 3) al tering the pattern o f synthesis and me tabo l i sm 

o f natural hormones , and 4) m o d i f y i n g hormone receptor levels (J imenez, 1997; K e l c e et a l . , 

1998; Sonnensche in & Soto , 1998). T h e o,p' i somer o f D D T is k n o w n to b i n d d i rec t ly to 

estrogen receptors, as does o , p ' - D D D ( G a i d o et a l . , 1997); the p,p ' i somer o f D D T does not 

( R o b i s o n et a l . , 1984). O r t h o , p a r a ' - D D T can compete w i t h estradiol for b i n d i n g to the estrogen 

receptor and demonstrates es t rogen- l ike ac t iv i ty in vitro and in vivo ( G a i d o et a l . , 1997) . 

Pa ra ,pa ra ' -DDE is an androgen antagonist that binds di rect ly to androgen receptors (Ga ido et a l . , 

1997; K e l c e et a l . , 1995; 1998). The concentra t ion o f p , p ' - D D E needed to inh ib i t androgen 

receptor t ranscr ipt ional ac t iv i ty i n c e l l culture is 63.6 parts per b i l l i o n , cons iderably less than 

levels that accumulate i n the environment ( K e l c e et a l . , 1995). Pa ra ,pa ra ' -DDE has been shown 

to have va ry ing degrees o f androgenic, anti-androgenic, estrogenic, and anit-estrogenic ac t iv i ty 

(Hutz , 1999; Sohon i & Sumpter, 1998; Sonnenschein & Soto, 1998). The androgen receptor is 

less specif ic than the estrogen receptor, so o , p ' - D D T and endogenous estrogens can also have 

anti-androgenic capacit ies ( K e l c e et a l . , 1995; S o h o n i & Sumpter , 1998). T h e presence o f anti-

androgens can create an estrogenic envi ronment resul t ing i n symptoms ind ica t ive o f estrogen 
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exposure (Sohon i & Sumpter, 1998). D D T s m a y inf luence the levels o f gonadal hormones by 

induc ing hepatic steroid hydroxylases (S t icke l , 1973; Thomas , 1998) and inh ib i t ing gonadotropin 

secretion (Rattner et a l . , 1984). Other hormones , i n c l u d i n g t h y r o i d hormones , also inf luence 

reproduct ion and m a y be altered by D D T exposure ( C o o k e , 1996; Hurs t et a l . , 1974; N e l s o n , 

2000; W i l s o n & D o n h a m , 1988; Wentwor th & Ringer , 1986). 

1.3.4.2. Early Exposure 

In ovo and ear ly post -hatch exposure to D D T s m a y have p r o f o u n d effects o n the 

development and sexual different iat ion o f the reproduct ive systems o f b i rds . M a l e C a l i f o r n i a 

gul l s f rom eggs injected w i t h as litt le as 2 m g / k g o , p ' - D D T had femin ized gonads. F i v e m g / k g or 

higher o , p ' - D D T resulted i n the development o f both left and right oviducts i n female gu l l s (F ry 

& Toone , 1981). In chickens, p , p ' - D D T injected into the y o l k pr ior to incubat ion altered gonadal 

morpho logy i n both sexes (S t i cke l , 1973). Four week o l d whi te leghorn cockerels fed D D T 12.5 

to 37.5 m g / k g body weigh t for 24 weeks , had atrophied testes, and exhib i ted a d i s rup t ion and 

necrosis o f spermatogonial ce l l s . These effects persisted even after treatment was d i scont inued 

(Ba lasubramaniam & Sundararaj, 1993). C o c k e r e l s injected w i t h increas ing amounts o f D D T 

f rom eight days after hatch for up to 89 days had considerably smal ler testes than controls . The 

development o f combs and wattles i n these birds was also severely impai red , beg inn ing 25 days 

after the start o f treatment (Bur l ing ton & L i n d e m a n , 1950). 

1.3.5. Effects o n B e h a v i o r 

A n organism's behavior represents the final integrated result o f a variety o f p h y s i o l o g i c a l 

and b i o c h e m i c a l processes (Peaka l l , 1996; Spyker , 1975). A s behavior patterns can be h i g h l y 

sensit ive to changes i n the steady state o f an organism, changes i n behavior can serve as early 

indicators o f potential p roblems (Peaka l l , 1996; Spyker , 1975). N e r v o u s tissue, especia l ly the 

bra in , is extremely sensit ive to the effects o f a var iety o f fore ign substances, such as pollutants. 

Changes i n behav io r m a y ind ica te t o x i c ac t ions o f a c h e m i c a l l o n g before any c l a s s i c a l 

symptoms o f po i son ing occur and i n the absence o f gross funct ional or structural defects. T o x i c 

effects i n the nervous sys tem m a y manifest as def ic i ts i n sensory func t ion , motor con t ro l , 

intel lectual processes, or emot ional responses (Spyker , 1975). 

Organ i sms are more vulnerable to many o f the adverse effects o f exogenous chemica l s 

d u r i n g deve lopment , w h e n the cent ra l nervous sys tem is u n d e r g o i n g r a p i d changes and 

protective mechanisms have not yet deve loped (Pa rmig ian i et a l . , 1998; Spyker , 1975). Some 

pol lu tants , at env i ronmen ta l l y re levant l eve l s , can lead to i r r evers ib le al terat ions i n b r a i n 
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development at exposure concentrations that might produce l i t t le effect i n an adult (Parmig ian i et 

a l . , 1998). T h e effects o f these compounds m a y not become apparent un t i l m u c h later i n an 

individual ' s l i fe (Spyker , 1975). A s behavior represents an integrated response o f an organism, it 

m a y also be inf luenced by defici ts i n the funct ion o f systems other than the nervous system. 

A l t h o u g h not a l l behaviors may be affected, defects i n those relat ing to surv iva l and reproduct ion 

m a y prove to be extremely disadvantageous (Spyker , 1975). Subtle behaviora l changes i n w i l d 

populat ions cou ld even cause serious effects at l o w levels o f pollutants w h i c h do not have overt 

effects o n mortal i ty or reproduct ion (Peakal l , 1996). 

1.3.5.1. Reproductive Behaviors 

A number o f behaviors i n v o l v e d i n reproduct ion m a y be detr imental ly affected by D D T 

exposure. F o r example , dur ing the 1970s, male gul ls i n h i g h l y contaminated areas o f C a l i f o r n i a 

and i n the Great L a k e s exh ib i ted f emin ized reproductive systems. These birds showed reduced 

sexual behavior and many o f them fai led to even migrate to the breeding grounds. T h i s resulted 

i n skewed sex ratios and homosexua l pai r ings between the females ( F o x , 1992; F r y & Toone , 

1981). H e r r i n g gul ls exposed to a mixture o f organochlor ines showed a reduct ion i n defense o f 

thei r terr i tor ies . A s aggress ion is related to the concen t ra t ion o f c i r c u l a t i n g testosterone, 

endocrine disrupt ing chemica ls l ike p , p ' - D D E that act i n an anti-androgenic manner c o u l d cause 

aggressive behavior to d i m i n i s h ( C r a i n & Gui le t te , 1997). Japanese qua i l treated w i t h o , p ' - D D T 

showed an attenuation o f mat ing behaviors i n both sexes ( B r y a n et a l . , 1989). R i n g doves fed a 

mix tu re o f o rganochlor ines , i n c l u d i n g D D E d i sp l ayed a series o f behav io ra l abnormal i t i es . 

Because the behaviors o f the two sexes i n this species are so c lose ly l i n k e d , alterations i n the 

behavior o f one caused changes i n the other. The birds i n this study showed ah increase i n the 

courtship per iod due to the females' failure to respond to the males ' petit ions for copula t ion . T h i s 

forced the males to increase and p ro long the use o f these sol ic i ta t ion behaviors ( M c A r t h u r et a l . , 

1983). These birds also showed a reduct ion or delay i n the behav io ra l ly induced increase i n 

progesterone w h i c h lead to a delay i n nest b u i l d i n g , ovu la t ion , and incuba t ion ( M c A r t h u r et a l . , 

1983). 

1.3.5.2. Parental Behaviors 

Parental care behaviors appear to be most in f luenced by D D T contaminat ion . M e r l i n s 

(Falco columbarius) whose eggs contained h i g h levels o f organochlor ine pollutants, especia l ly 

p , p ' - D D E , have been s h o w n to desert their clutches more read i ly and defend their nests less 

ac t ive ly than birds w i t h less contaminated eggs. There was an inverse relat ionship between the 
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D D E burdens i n the eggs and the intensity o f nest site defense ( F o x & D o n a l d , 1980). H e r r i n g 

gu l l s exposed to a number o f c h e m i c a l contaminants have also demonstrated decreased nest 

attentiveness. T h e y app l i ed less heat to their eggs, were absent f rom the nest more frequently 

and for longer periods, and more readi ly left their nests than birds f rom less contaminated areas. 

The degree o f nest inattentiveness was correlated w i t h the female's organochlor ine burdens ( F o x 

et a l . , 1978; Rattner et a l . , 1984). P ro lac t in levels were affected by organochlor ine diets i n r ing 

doves, decreasing the amount o f t ime spent incubat ing the eggs and b rood ing the y o u n g . The 

squabs o f contaminated parents were fed less and thus had decreased weights and su rv iva l rates 

( M c A r t h u r e t a l . , 1983). 

Hyper-aggress ive parents injured some o f the squabs i n M c A r t h u r et al.'s (1983) study. 

Increased parental aggression was also observed i n Bengalese finches dosed w i t h p , p ' - D D T and 

p , p ' - D D E (Jefferies, 1971). Parent birds contaminated w i t h D D T s and other compounds m a y 

destroy their o w n eggs by eating, breaking, or ejecting them (S t i cke l , 1973). G r a y herons (Ardea 

cinerea) have been observed b reak ing their o w n eggs and d ropp ing l i ve y o u n g f r o m the nest 

( O h l e n d o r f et a l . , 1978). T h i s increase i n aggress ive behav io r seems contrary to the an t i -

androgenic, aggression decreasing effects o f D D E . H o w e v e r , gonadal hormones are not the on ly 

aspects o f the nervous and endocrine systems inf luenced by D D T contaminat ion . M c A r t h u r et 

al. 's (1983) p igeons also demonstrated elevated t h y r o i d ho rmone levels and decreased b r a i n 

levels o f the b iogenic amines, dopamine, and norepinephrine, w h i c h influence hypotha lamic and 

pi tu i tary hormones . H i g h l eve l s o f cor t icos terone, can also redi rec t behaviors away f r o m 

reproduct ion and parental care act ivi t ies ( S i l v e r i n , 1990). Thus , the increase i n aggression i n 

D D T contaminated parents may be related to one or more o f these other factors. O v e r a l l , birds 

that exh ib i t abnormal courtship and nest const ruct ion, altered breeding synchrony , decreased 

i n c u b a t i o n attentiveness and parenta l care m a y alter thei r r ep roduc t ive success, increase 

energetic costs, and decrease reproductive fitness (Rattner et a l . , 1984). 

1.3.5.3. Other Behaviors 
Other, non-reproduct ive, behaviors may also be inf luenced by D D T s . F o r example , the 

duck l ings o f mal lards fed D D E were hyper-responsive to maternal ca l ls . T h e y approached the 

source o f the c a l l more and stayed near it more than con t ro l d u c k l i n g s . T h e y also t raveled 

shorter distances f r o m f r igh ten ing s t i m u l i ( O h l e n d o r f et a l . , 1978). H y p e r - e x c i t a b i l i t y and 

hypersens i t iv i ty to s t i m u l i are c o m m o n l y l i s ted a m o n g the symptoms o f D D T p o i s o n i n g i n 

m a m m a l s , and s i m i l a r results are l i k e l y i n b i rds (Jefferies, 1975). H y p e r a c t i v i t y has been 
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suggested as a poss ib le reason for the nest inattentiveness o f o rgahochlor ine fed r i ng doves 

( M c A r t h u r et a l . , 1983). Pest ic ide use m a y reduce the food supplies o f some birds . T h i s w o u l d 

result i n an increase i n t ime spent foraging (B l u s & H e n n y , 1997; F o x & D o n a l d , 1980). A lack 

o f appetite has been noted i n p igeons o r a l l y dosed w i t h p , p ' - D D E , p , p ' - D D T , or o , p ' - D D T 

(Jefferies, 1975; Jefferies & F rench 1971). T h e amount o f cover m a y also be reduced, affecting 

nest bu i ld ing and nest predat ion (B lus & Henny , 1997). 

Thus , D D T s have been s h o w n to have a number o f detr imental effects o n b i rds . T h e 

f o l l o w i n g chapters w i l l focus o n a part icular example o f D D T exposure i n a b i rd species and its 

effects on su rv iva l , g rowth , reproduct ion, behavior , i m m u n i t y , thy ro id hormones , and the stress 

response. 
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Chapter II 

DDT, American Robins, and the Okanagan Valley 

H i s t o r i c a l l y , o r c h a r d c r o p s w e r e a m o n g the m o s t h e a v i l y t r ea t ed w i t h 

d i ch lo rod ipheny l t r i ch lo roe thane ( D D T ) (S t r inger et a l . , 1974) , r e c e i v i n g more D D T than 

tobacco, f i e ld , and vegetable crops (Harr i s et a l . , 2000) . A s the Okanagan V a l l e y o f southern 

B r i t i s h C o l u m b i a is a major fruit g r o w i n g area, i t was exposed to large quanti t ies o f this 

pest ic ide. P r io r to the res t r ic t ion o f D D T use i n the early 1970's, Okanagan orchards rece ived 

t w o to four appl ica t ions o f about 13.5 k g t echn ica l grade D D T / h a / y e a r (3.4 - 6.8 k g act ive 

ingredient/ha/year) (El l io t t et a l . , 1994; G i l l et a l . , 2003) . 

2.1. Soil 

Harr i s et a l . (2000) reported that so i l i n the Okanagan consists o f a th in superf ic ia l layer 

o f about 10 c m above a dense sand/gravel mixture . W i t h i n Okanagan orchards, this top 10 c m o f 

s o i l conta ined 3 .8% organic matter and a p H o f 6.4. Despi te the fact that D D T had not been 

appl ied to these orchards i n nearly thirty years, they found 0.25 m g / k g D D D (o,p' p lus p,p' , dry 

we igh t ) , 4.9 m g / k g D D E , and 9.3 m g / k g D D T i n the top layer o f s o i l . I n contrast, at an 

Okanagan non-orchard reference site D D D , D D E , and D D T leve ls were less than 0.05 m g / k g . 

S o i l p H at this site ranged f rom 7.8 to 8.0 and the average organic matter was 4 .7%. The ratio o f 

D D E to D D T i n the orchards was o n l y 1.10 (Har r i s et a l . , 2000) . It has been suggested that 

fifteen to twenty years after D D T use has stopped, this rat io shou ld exceed 20:1 (E l l i o t t et a l . , 

1994). Thus , i n the Okanagan , degradat ion o f D D T to D D E appears to be impeded . D D T 

residues were o n l y found i n the so i l s o f p r e v i o u s l y sp rayed areas, w h i c h suggests that 

atmospheric depos i t ion does not contribute s ignif icant ly to the D D T levels found (Harr i s et a l . , 

2000). 

A number o f factors inf luence the extent to w h i c h pest ic ides w i l l r e m a i n i n the s o i l , 

i n c l u d i n g : s o i l type, temperature, moisture , p H , degradabi l i ty o f the pest ic ide , m i c r o o r g a n i s m 

content, cover crops, and cu l t iva t ion ( M u r p h y , 1980). W h e n orchard trees are sprayed, more 

than 8 0 % o f the pest icide m a y end up on the ground (Str inger et a l . , 1974). D D T m a y be lost 

soon after appl ica t ion v i a vo la t i l i za t ion (B lu s et a l . , 1987; W H O , 1989), however , due to D D T ' s 

l o w vapor pressure, v o l a t i l i z a t i o n is l i m i t e d ( N a i r et a l . , 1992) . A l l so i l s s h o w a s t rong 

adsorpt ive capaci ty for D D T ( W H O , 1989), but h i g h l y organic soi ls tend to have the highest 

retention t imes (Johnson et a l . , 1976; Str inger et a l . , 1974; W H O , 1989). E v e n several years 
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after D D T appl icat ion, the majori ty o f D D T residues found i n so i l is located w i t h i n the top 10 c m 

( C o o k e & Str inger, 1982; Str inger et a l . , 1974). T h e l o w water so lub i l i t y o f D D T prevents 

s igni f icant pe rco la t ion and l each ing (Str inger et a l . , 1974), so d o w n w a r d movemen t o f D D T 

occurs as litter accumulates at the s o i l surface ( D i m o n d et a l . , 1970). It has been suggested that 

the b reakdown o f D D T to D D E is the on ly signif icant change this pest icide undergoes i n so i l , as 

adsorpt ion to the top 10 c m o f s o i l impedes v o l a t i l i z a t i o n and losses th rough l each ing are 

negl ig ib le ( C o o k e & Stringer, 1982). Some microorganisms are capable o f degrading D D T , but 

there is lit t le metabol i sm i n situ ( W H O , 1989). 

Because o f the var ious factors that inf luence the loss and b r eakdown o f D D T i n s o i l , a 

w i d e range o f ha l f - l i fe values have been proposed, f rom 16 days ( W H O , 1989) to 57.5 years 

( B l u s et a l . , 1987). Concentra ted D D T breaks d o w n more s l o w l y (Har r i s et a l . , 2000) , so the 

ha l f - l i fe o f D D T increases w i t h increas ing concentrat ions ( B l u s et a l . , 1987). Thus , it is not 

surpr is ing g i v e n the heavy applicat ions o f D D T Okanagan orchards rece ived that D D T levels i n 

this area r ema in h i g h thir ty years after D D T use was d i scont inued . T h e l ack o f regular s o i l 

disturbances i n orchards m i n i m i z e s losses f rom vo l a t i l i z a t i on and eros ion. The c l imate i n the 

Okanagan may also contribute to the s l o w e l imina t ion o f D D T . A s the Okanagan is temperate, 

l o w temperatures dur ing the win te r months m a y be i m p e d i n g D D T b r e a k d o w n (Har r i s et a l . , 

2000). D D T breaks d o w n more readi ly i n warmer , t ropica l cl imates ( M e l l a n b y , 1992) and is also 

subject to greater vo la t i l i za t ion (Na i r et a l . , 1992). A l t h o u g h Okanagan orchards are irr igated i n 

the summer, l o w s o i l moisture levels i n the winter reduce the b reakdown o f D D T accumula t ing 

organic matter and s low the m i c r o b i a l degradation o f D D T (Harr is et a l . , 2000) . 

2.2. Earthworms 

A n o t h e r factor that influences the retention o f D D T i n soi ls is the presence and species 

c o m p o s i t i o n o f ear thworms. E a r t h w o r m s p l ay an important ro le i n the maintenance o f s o i l 

fert i l i ty by incorpora t ing l ea f litter, and i m p r o v i n g water h o l d i n g capaci ty, nutrient enrichment, 

aerat ion, drainage, root penetra t ion, and m i c r o o r g a n i s m popu la t ions ( C o o k e et a l . , 1980). 

Ea r thworms are also indicators o f s o i l p o l l u t i o n by organochlor ine pesticides (Senth i lkumar et 

a l . , 2001) . D D T m a y k i l l ear thworms (Johnson et a l . , 1976; T o m l i n , 1992) and w o r m s forced to 

l i v e i n D D T contaminated orchard s o i l have been k n o w n to exh ib i t h i g h mor ta l i ty rates and 

weight loss (Johnson et a l . , 1976). H o w e v e r , most reports suggest that earthworms are re la t ively 

insens i t ive to the t o x i c effects o f D D T ( G i s h & Hughes , 1982; W H O , 1989), and m a y even 

develop phys io log ica l , b iochemica l , or behaviora l resistance to ecotoxicants ( T o m l i n , 1992). 
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T h e behavior o f an ear thworm may greatly affect its suscept ibi l i ty to D D T . F o r example , 

the surface mat ing and feeding o f Lumbricus terrestris makes it vulnerable to chemica ls appl ied 

to vegetat ion or the s o i l surface. T h i s species also has s l o w growth and reproduct ion rates. Its 

habit o f bu r rowing ver t ica l ly and cast ing o n the surface a l l ows it to translocate pollutants from 

the s o i l surface to l o w e r layers and v i c e ve r sa ( T o m l i n , 1992). E a r t h w o r m species that have 

permanent burrows take up D D T from the so i l surface more readi ly than residues m i x e d into the 

s o i l , whereas species that tunnel haphazardly through the s o i l can take up more residues that 

have been m i x e d into the s o i l (Edwards & Jeffs, 1974). Thus , p l o u g h i n g or ro tova t ion after 

sp ray ing incorporates D D T into the s o i l , decreasing the exposure o f w o r m s that feed at the 

surface but increasing exposure for subterranean species (Cooke et a l . , 1992). 

The uptake o f D D T by earthworms is related not on ly to its concentrat ion i n the so i l , but 

also to the ac t iv i ty o f the w o r m s ( W H O , 1989). D D T residues i n earthworms tend to be c y c l i c , 

w i t h h igher levels between late spr ing and early autumn and lower levels f rom late autumn to 

ear ly spr ing . Res idue leve ls peak i n M a y and are at thei r lowes t l eve ls i n January. T h i s 

coincides w i t h seasonal differences i n ac t iv i ty ( G i s h & Hughes , 1982; W H O , 1989). W h e n the 

w o r m s are more act ive they process more s o i l th rough the gut and retain more D D T ( W H O , 

1989). G i s h and H u g h e s (1982) found that ear thworms d i d not s h o w m a x i m u m residues 

immedia te ly after appl ica t ion, but rather two months later. D D T can be converted to both D D D 

and D D E i n w o r m s (Edwards & Jeffs, 1974; G i s h & Hughes , 1982). Ea r thworms may , thus, 

contribute s ignif icant ly to the in i t i a l degradation o f D D T (Edwards & Jeffs, 1974). 

Har r i s et a l . (2000) found that ear thworm communi t i es i n the Okanagan were dominated 

by Aporrectodea turgida, but Eisenia rosea, Lumbricus rubellus, and Octolasion tyrtaeum were 

also present. The total ear thworm biomass i n orchard areas was 16 g / m 2 , whereas i n the non-

orchard reference site it was 87 g / m 2 . O v e r a l l , earthworms i n the Okanagan orchards contained 

2.2 m g / k g D D D , 43.5 m g / k g D D E , 17.2 m g / k g D D T , w i t h a D D E : D D T ratio o f 2.56. D D D , 

D D E , and D D T levels i n the w o r m s f rom the Okanagan reference site were b e l o w 0.6 m g / k g . 

E a r t h w o r m D D E values increased w i t h increasing so i l organic matter (Harr is et a l . , 2000) . The 

major i ty o f ear thworms i n the Okanagan l i v e and feed near the s o i l surface, thus he lp ing to 

main ta in the h i g h D D T levels i n the top layer o f so i l . Other species that bu r row deeply into the 

so i l facilitate the d i lu t ion o f pesticides throughout the so i l profi le (El l io t t et a l . , 1994). 

Because o f the h i g h D D T residues earthworms can tolerate, they pose a significant hazard 

to predators ( W H O , 1989). Rober t son and A l e x a n d e r (1998) found that the b ioava i l ab i l i t y o f 

D D T to flies and cockroaches decreased w i t h t ime as the chemica l adsorbed to the so i l , however , 
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this l i k e l y does not apply to animals l ike earthworms that l i ve i n and consume so i l . Ea r thworms 

i n con tamina ted so i l s cont inue to accumula te D D T s near ly th i r ty years after its use was 

d i scon t inued (Har r i s et a l . , 2000) . D D T con tamina t ion o f ear thworms can adverse ly affect 

vertebrate predators either d i rect ly through secondary po i son ing or ind i rec t ly by reducing food 

suppl ies ( C o o k e et a l . , 1992). W o r m s that do not die f r o m D D T p o i s o n i n g have longer to 

accumulate residues. Sub-lethal levels m a y also alter an earthworm's behaviour . A l t h o u g h any 

behaviours that result i n the w o r m s spending more t ime o n the surface m a y increase predator 

vulnerabi l i ty ( C o o k e et a l . , 1992), D D T may e l ic i t an avoidance react ion i n ear thworms ( T o m l i n , 

1992). B o t h surface cast ing and the turn over o f l e a f litter were reduced i n D D T contaminated 

areas ( C o o k e et a l . , 1980; T o m l i n , 1992). Th i s avoidance o f the so i l surface m a y also l i m i t their 

ava i lab i l i ty as a food source. 

B i r d predators m a y p i c k up s ignif icant levels o f D D T f r o m eating ear thworms. It has 

been suggested that 8 m g / k g D D T is a hazardous threshold for b i rds and 30 to 40 m g / k g 

represents a lethal short-term hazard. To ta l D D T concentrat ions o f 32 m g / k g i n w o r m s c o u l d 

pose a haza rd to the r ep roduc t ion o f some b i r d species (Har r i s et a l . , 2000) . R e s i d u e s i n 

ear thworms f rom the Okanagan m a y exceed this l eve l . B i r d deaths have been attributed to the 

m o b i l i z a t i o n o f D D T i n fat reservoirs dur ing t imes o f reproduct ive stress, but the fact that food 

intake is also increased dur ing the breeding season may play a role ( C o o k e et a l . , 1992). 

2.3. American Robins 

A n important consumer o f earthworms is the A m e r i c a n rob in . T h i s ubiqui tous songbi rd 

has adapted w e l l to human act ivi t ies and is quite at home i n orchard habitats (Cannings et a l . , 

1987). R o b i n s are opportunist ic omnivores w h o subsist p r i m a r i l y o n fruit through the summer 

and f a l l . D u r i n g the breeding season, however , they eat and feed their y o u n g p r i m a r i l y insects 

and ear thworms ( E h r l i c h et a l . , 1988; Sal labanks & James, 1999; Wauer , 1999). M o n t g o m e r i e 

and Weatherhead (1997) reported that ear thworms m a y compr i se up to 2 0 % o f a r o b i n ' s diet 

dur ing the breeding season, and capture rates as h i g h as 20 w o r m s per hour have been recorded. 

Because o f their penchant for earthworms, robins are susceptible to secondary D D T po i son ing . 

A rob in that consumes 100 earthworms may ingest more than 3 m g o f D D T ( C o o k e et a l . , 1992). 

F o r a 77 g b i rd (Sal labanks & James, 1999), this m a y be an acutely lethal dose. E v e n sub-lethal 

l eve l s o f D D T c a n be hazardous , as D D T s accumula te i n the b o d y . T u r k e y s fed D D T 

accumulated it i n their fat at concentrations four to eight t imes the l eve l i n the diet (Po land et a l . , 

1972). D D T s tend to be lost re la t ively s l o w l y f rom the body . K a n et a l . (1978) found that the 
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loss o f total D D T i n feces as a propor t ion o f da i ly intake for chickens was on ly 7%. M e t a b o l i s m 

and excre t ion o f D D T s depends o n species, diet ( C l a r k et a l . , 1987), l i p i d p o o l sizes (Nors t rom et 

a l . , 1989) and the par t icular i somer be ing measured. Para , p a r a ' - D D E is cons idered the f ina l 

b reakdown product o f D D T i n l i v i n g birds (Po land et a l . , 1972). T h i s metabolite tends to be lost 

quite s l o w l y . S t i c k e l et a l . (1984) found that i n g rack les (Quiscalus quiscula), r ed -winged 

b l ackb i rd s Agelaius phoeniceus), starlings (Sturnus vulgaris), and b rown-headed c o w b i r d s 

(Molothrus ater), the loss rate o f D D E was o n l y 0 .30% per day. Or tho , p a r a ' - D D T tends to be 

stored less readi ly and e l imina ted more q u i c k l y than p , p ' - D D T (S t i cke l , 1973). D i m o n d et a l . 

(1970) found that D D T concentrations i n robins were one order o f magni tude higher than those 

i n worms . These authors also found traces o f o , p ' - D D T i n the earthworms but none i n the robins 

suggest ing differential absorpt ion and/or b reakdown between predator and prey. A d u l t robins 

contained about 2.6 t imes higher residue levels than immatures , as w e l l ( D i m o n d et a l . , 1970). 

E l l i o t t et a l . (1994) examined organochlor ine residues i n the eggs o f Okanagan orchard nest ing 

C a l i f o r n i a q u a i l (Callipepla californica), tree s w a l l o w s (Tachycineta bicolor), b l a c k - b i l l e d 

magpies (Pica pica), house wrens (Troglodytes aedon), and A m e r i c a n rob ins . R o b i n eggs 

contained 18 to 3,500 t imes more D D T and 4 to 100 t imes more D D E than those o f the other 

species tested. T h e y also had the lowest mean D D E : D D T ratios (9.5:1). Three recent studies 

(E l l io t t et a l . , 1994; G i l l et a l . , 2003; Har r i s et a l . , 2000) examined the levels o f D D T s i n r ob in 

eggs f rom the Okanagan orchards and var ious control sites. These data are summar ized i n Table 

2-1 . Res idue levels i n eggs reflect the amount o f D D T i n the l a y i n g female at the t ime o f y o l k 

l i p i d deposi t ion (Fox et a l . , 1978). 

The h i g h levels o f D D T s found i n Okanagan rob in eggs c o u l d be attributed to a variety o f 

sources. L o w D D E : D D T ratios suggest recent appl icat ions o f D D T (E l l io t t et a l . , 1994; M o r a , 

1997). D D T has been found as a contaminant i n recent use pest icides such as d i c o f o l ( B l u s et 

a l . , 1987; E l l i o t t et a l . , 1994; R i s e b r o u g h et a l . , 1986) and kelthane ( B u n c k et a l . , 1987), and it 

may s t i l l be used i l l ega l ly (B lu s et a l . , 1987; B u n c k et a l . , 1987; E l l i o t t et a l . , 1994). Ne i the r o f 

these scenarios, however , is l i k e l y to result i n the h i g h residue levels seen i n these bi rds (E l l i o t t 

et a l . , 1994). D D T burdens may be acquired by migra tory birds o n win te r ing grounds i n L a t i n 

A m e r i c a where D D T may s t i l l be used legal ly (E l l io t t et a l . , 1994; K l e m e n s et a l . , 2000; M o r a , 
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Table 2-1. Mean DDT levels (mg/kg, wet weight) in American robin eggs collected from 
orchards in the Okanagan Valley and non-orchard areas of the Okanagan and Lower 
Mainland of British Columbia. 

Period 1990-1991* 1993 -1995** 1993 -1998*** 

Orchard 

D D T 16.7 13.0 10.1 

D D E 83.3 85.1 54.8 

D D D 2.4 1.1 0.7 

D D T : D D E 5.0 17.2 5.2 

Non-orchard 

D D T 0.08 0.4 0.4 

D D E 1.5 8.2 8.6 

D D D 0.001 0.06 0.05 

D D T : D D E 18.1 18.9 102.8 

* E l l i o t t et a l . , 1994 

** Har r i s et a l . , 2000; para,para' isomers on ly 

* * * G i l l e t a l , 2003 
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1997) . A m e r i c a n robins i n the Okanagan , however , do not u sua l ly migrate as far as L a t i n 

A m e r i c a but rather t ravel to Wash ing ton , Oregon , and C a l i f o r n i a ( C a m p b e l l et a l . , 1997). M a n y 

O k a n a g a n robins (up to 1,000) m a y even over -win te r i n the orchards and v ineyards o f the 

Okanagan va l l ey ( C a m p b e l l et a l . , 1997; Cann ings et a l . , 1987) because o f the m i l d c l imate and 

abundance o f food. T h e robins i n E l l i o t t et al.'s (1994) study had cons iderab ly h igher D D T 

levels than birds that winter i n L a t i n A m e r i c a (tree swa l lows , barn swa l lows (Hirundo rustled), 

and house wrens) . Thus , robins i n the Okanagan are most l i k e l y acqu i r ing their D D T burdens 

f rom the earthworms they eat, w h i c h , i n turn accumulate 

their residues f rom his tor ica l ly appl ied, s l o w l y degrading D D T i n the so i l (E l l io t t et a l . , 1994). 

Despi te their h i g h D D T burdens, A m e r i c a n robins cont inue to thr ive , and f i e l d studies 

have found no decreases i n their reproduct ive success (E l l i o t t et a l . , 1994; G i l l et a l . 2003) . It 

has been i m p l i e d that aside f rom the mass die-offs seen dur ing the peak o f D D T use (Carson , 

1962), robins are re la t ive ly unaffected by the h i g h levels o f D D T they are exposed to. It is 

poss ib le that the residues they ingest are d i lu ted w h e n they eat "c lean" fruit and other less 

con tamina ted insects ( Johnson et a l . , 1976) . R o b i n s m a y a lso a v o i d f o r a g i n g i n h i g h l y 

contaminated areas ( D i m o n d et a l . , 1970). The extremely h igh concentrations o f D D T s found i n 

these birds and their eggs may , therefore, on ly be found dur ing the breeding season w h e n they 

are c o n s u m i n g p r i m a r i l y ear thworms and insects . A g e d D D T , w h i l e s t i l l b i o a v a i l a b l e to 

ear thworms, m a y be m u c h less t ox i c than w h e n it was first app l ied (Rober tson & A l e x a n d e r , 

1998) . It is poss ib le that after decades o f exposure , rob ins have deve loped a tolerance or 

resistance to the detrimental effects o f D D T s as a result o f genetic selection. A variety o f insects 

became resistant to D D T soon after its i n t r o d u c t i o n ( M e l l a n b y , 1992) . T h e c r a y f i s h , 

Procambarus clarkii, a var iety o f other aquatic invertebrates, mosqui to f i sh (Gambusia affinis), 

and two species o f c r icke t f rog (Acris crepitans and Acris gryllus) have also demonstrated 

tolerances to D D T s after long- term exposure ( W H O , 1989). A n i m a l s often develop tolerances to 

the reproduct ion suppressing effects o f phytoestrogens ( C r a i n & Gui le t te , 1997; Sonnenschein & 

Soto, 1998), and resistance to the endocr ine-disrupt ing effects o f D D T s m a y have e v o l v e d i n a 

s imi la r wa y i n robins. 

2.4. T h i s S t u d y 

T h e object ive o f this study was to assess long- te rm, de layed, or subtle effects o f D D T 

contaminat ion o n A m e r i c a n robins f rom the Okanagan . The focus was o n two m a i n areas: 1) 

g rowth and su rv iva l (Chapter III) and 2) reproduct ion and behaviour (Chapter I V ) . Inc luded i n 
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g r o w t h and s u r v i v a l are egg measurements , c h i c k measurements , i m m u n e response, t h y r o i d 

hormone levels , mortal i ty , and tissue weights. Reproduc t ion and behaviour include the t i m i n g o f 

reproduct ive events, egg l a y i n g , egg hatching, c h i c k f l edg ing , and t h y r o i d hormone levels i n 

b reed ing b i rds , a long w i t h frequencies o f reproduct ive , maintenance , aggress ive, and v o c a l 

behaviours . The w o r k o f E l l i o t t et a l . (1994) and G i l l et a l . (2003) suggest that there shou ld be 

no ove ra l l detr imental effects o f ear ly D D T exposure o n s u r v i v a l or reproduct ion . H o w e v e r , 

these studies on ly observed the robins un t i l the y o u n g had fledged. It m a y be that detr imental 

effects i n the y o u n g were not evident un t i l after f ledging ( C o l b o r n et a l . , 1993; Spyker , 1975), 

that the stable populat ions i n the Okanagan are due to the recruitment o f birds from other areas, 

not f rom the return (or res idency) o f successful breeding pairs and their progeny ( C o o k e et a l . , 

1992), or that more subtle detriments may w o r k at the i nd iv idua l rather than the popula t ion l eve l . 

O the r studies, o n a var ie ty o f species , indica te that D D T can , i n fact, have a number o f 

deleterious effects (see Chapter I for rev iew) , w h i c h may s i m p l y not have been observed i n the 

f i e ld . 

In order to study these potential long-term effects o f early D D T exposure, nestl ings f rom 

Okanagan orchards, exposed in ovo and for ten days post-hatch to D D T s , were captured and 

raised i n capt ivi ty . These birds , a long w i t h controls f rom the B r i t i s h C o l u m b i a L o w e r M a i n l a n d , 

were ma in ta ined i n cap t iv i ty for three years . R a i s i n g the b i rds i n cap t iv i ty ensured that any 

differences between the t w o groups o f b i rds c o u l d be related to their ear ly exper iences and 

contaminant exposures. T h i s e l iminated any extraneous var iables due to differences i n habitat, 

diet, and cl imate . It was assumed that the captive environment w o u l d also reduce the number o f 

predat ion losses. 

E g g s were co l lec ted f rom the same nests as the 10-day o l d ch i cks i n order to evaluate 

differences between the L o w e r M a i n l a n d and Okanagan birds i n re la t ion to the levels o f D D T 

contaminat ion. The Okanagan eggs and ch icks were col lec ted from orchards near Pent ic ton and 

Naramata , whereas the L o w e r M a i n l a n d eggs and ch i cks were co l l ec ted from park areas w i t h i n 

V a n c o u v e r , Sur rey , and D e l t a , B r i t i s h C o l u m b i a (F igu re 2-1) . A comple te l i s t i n g o f the 

organochlorines and p o l y chlor inated b iphenyls analyzed i n these eggs is avai lable i n A p p e n d i x I. 

Because a number o f robins d i e d after fledging but p r io r to reproduct ive matur i ty , a 

second study was carr ied out i n order to evaluate i m m u n e response i n more detai l . A second 

cohort o f eggs and birds were co l l ec ted (Chapter V ) and i m m u n e response, t h y r o i d hormone 

levels , and stress responses were examined. 
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Figure 2-1: Collection sites of American robin eggs and nestlings. Lower mainland = 
Vancouver, Delta, and Surrey, British Columbia; Okanagan = Naramata and 
Pentiction, British Columbia 
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Chapter III 

Growth and Survival of DDT Contaminated American Robins 

3.1. Introduction 

Dichlorodiphenyl t r ich loroethane ( D D T ) and its metabolites, i n h i g h doses, can be tox ic to 

b i rds , i n d u c i n g reproduct ive disturbances and even mor ta l i ty ( B l u s , 1996; C a r s o n , 1962; F r y , 

1995; W H O , 1989). M o t h e r birds can pass these chemica ls to their eggs dur ing y o l k format ion 

(Brandt et a l . , 1978; F o x et a l . , 1978; F r y , 1995; O h l e n d o r f et a l . , 1978; Ot t inger et a l . , 2 0 0 1 ; 

S t i c k e l , 1973). In ovo D D T exposure may result i n reduced hatchabi l i ty , embryo or ha tch l ing 

m o r t a l i t y , w a s t i n g s y n d r o m e , ske l e t a l a b n o r m a l i t i e s , r e ta rded g r o w t h , and i m p a i r e d 

differentiation o f the reproduct ive and nervous systems ( B l u s , 1996; B r i t t o n et a l . , 1974; C h a n g 

& Stokstad, 1975; F r y , 1995; F r y & T o o n e , 1981 ; Jefferies, 1971 ; Jones & Summers , 1968; 

L i l l i e et a l . , 1972; Sauter & Steele, 1972; T y l e r et a l . , 1998; V o s et a l . , 2000; W H O , 1989). 

F r u i t - g r o w i n g areas, such as the Okanagan V a l l e y o f southern B r i t i s h C o l u m b i a , were 

h is tor ica l ly treated w i t h vast amounts o f D D T (El l io t t et a l . , 1994; G i l l et a l . , 2003; Har r i s et a l . , 

2000) . T h i s c h e m i c a l and its p r imary metaboli tes , D D E and D D D 1 (Jefferies, 1975; S t i c k e l , 

1973; W H O , 1989), adsorb to s o i l par t ic les ( C o l b o r n et a l . , 1993; H a r r i s et a l . , 2000 ; W H O , 

1989) and m a y be consumed by earthworms ( G i s h & Hughes , 1982; Har r i s et a l . , 2000; Johnson 

et a l . , 1976; S e n t h i l k u m a r et a l . , 2 0 0 1 ; T o m l i n , 1992 ; W H O , 1989) . T h e ea r thworms 

b ioaccumula te these residues i n their l i p i d r i c h tissues and then pass them o n to their predators 

( C o o k e et a l . , 1992; Har r i s et a l . , 2000) . The A m e r i c a n r o b i n (Turdus migratorius) is a major 

ea r thworm predator ( E h r l i c h et a l . , 1988; M o n t g o m e r i e & Weatherhead, 1997; Sa l labanks & 

James, 1999; Wauer , 1999). P rev ious studies have found very h i g h levels o f D D T and D D E i n 

Okanagan rob in eggs (E l l io t t et a l . , 1994; G i l l et a l . , 2003; Har r i s et a l . , 2000) . G i l l et a l . (2003), 

for example , reported D D T levels as h i g h as 60.7 m g / k g and D D E levels up to 302 m g / k g i n 

rob in eggs f rom Okanagan orchards, compared w i t h D D T levels o f 0.5 m g / k g and D D E levels o f 

12.0 m g / k g at re la t ive ly uncontaminated cont ro l sites. A l t h o u g h these studies o n l y observed 

robins u n t i l the o f f spr ing had f ledged, they reported no s ign i f ican t differences i n s u r v i v a l 

between birds from the Okanagan and controls. 

T h i s study a imed to examine more long- term or delayed effects o f early D D T exposure, 

w i t h a focus o n g rowth and su rv iva l . A s many parameters are d i f f icul t to study i n the w i l d , ten-
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day o l d nes t l ings f r o m orchards i n the O k a n a g a n and r e l a t i ve ly c l e a n areas o f the B r i t i s h 

C o l u m b i a L o w e r M a i n l a n d were co l lec ted and raised i n capt iv i ty . The objectives o f the study 

were to: 

1) De t e rmine i f in ovo and ear ly post -hatch D D T exposure in f luenced g r o w t h and 

development as measured by tarsus length, body weight , and tissue weights . T h y r o i d 

h o r m o n e leve ls were a lso measured , as they p l ay an impor tan t ro le i n g r o w t h 

(Bolander , 1994; Hauser et a l . , 1998; N e l s o n , 2000; S i n g h et a l . , 1968). Corre la t ions 

were conducted to d iscern i f the l eve l o f D D T exposure resulted i n differences w i t h i n 

the Okanagan birds. 

2) Determine i f in ovo and early post-hatch D D T exposure inf luenced mor ta l i ty . B i r d s 

were moni to red f rom ten days o f age un t i l three years o f age, and age and cause o f 

death were discerned whenever possible . Immune response was also measured, as it 

is essential for s u r v i v a l (Banerjee, 1999; G r a s m a n et a l . , 1996; Repet to & B a l i g a , 

1996). 

3.2. M e t h o d s 

3.2.1. E g g Contaminants y 

B e t w e e n June 2 and J u l y 3, 1997, 70 eggs were co l l ec ted f rom rob in nests i n orchard 

areas surrounding Pen t ic ton and Narama ta i n the Okanagan V a l l e y o f B r i t i s h C o l u m b i a . A n 

add i t iona l 36 eggs were co l l ec t ed f rom con t ro l sites i n V a n c o u v e r and D e l t a , i n the L o w e r 

M a i n l a n d o f B r i t i s h C o l u m b i a , be tween A p r i l 10 and June 18, 1997. Th i r t y -one o f these 

O k a n a g a n eggs and 16 o f the L o w e r M a i n l a n d eggs were a n a l y z e d for mo i s t u r e , l i p i d , 

o rganoch lo r ine , and p o l y c h l o r i n a t e d b i p h e n y l content. T h e O k a n a g a n eggs were a n a l y z e d 

ind iv idua l l y , and the L o w e r M a i n l a n d eggs were poo led (n = 3; one p o o l o f 6 eggs, one p o o l o f 9 

eggs, and one i n d i v i d u a l egg) i n order to save costs and because the expected values w o u l d be 

l o w . 

A l l o f the eggs were ana lyzed at the N a t i o n a l W i l d l i f e Research Center ( H u l l , Quebec) . 

A n a l y s e s were conducted us ing gas chromatography and mass spectrophotometry, f o l l o w i n g the 

methods ou t l ined i n W o n et a l . (2001) . Resul t s were expressed i n pig/g and o n a wet we igh t 

basis. A l l eggs were co l lec ted dur ing t imes o f no current-use pest icide appl ica t ion ( L . W i l s o n , 

C a n a d i a n W i l d l i f e Se rv ice , persona l c o m m u n i c a t i o n ) . A l t h o u g h it has been suggested that 

contaminant loads may vary between eggs w i t h i n a c lu tch (Oh lendor f et a l . , 1985; Ott inger et a l . , 

1 DDE = dichlordiphenyldichloroethylene, DDD = dichlorodiphenyldichloroethane 
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2001) , for the purposes o f this study i t was assumed, as i n p rev ious studies (Har r i s et a l . , 2000 ; 

G i l l , 2003), that a l l eggs w i t h i n a c lu tch contained s imi la r contaminant loads. 

3.2.2. E g g Measurements 

A total o f 106 eggs (36 L o w e r M a i n l a n d , 70 Okanagan) were w e i g h e d and measured. 

Where measurements were avai lable for more than one egg per nest, nest means were used for 

the analyses. E g g length refers to the distance f rom end-to-end, w h i l e egg w i d t h refers to the 

measurement at the widest part o f the egg. 

3.2.3. Rea r ing Pro toco l 

Be tween A p r i l 28 and Ju ly 16, 1997, 10-day-old rob in nestl ings were co l lec ted f rom the 

same nests as the eggs. N ine ty -one ch icks were co l lec ted f rom the Okanagan and 59 f rom the 

L o w e r M a i n l a n d . A l l nes t l ings were co l l ec t ed d u r i n g per iods o f no current-use pes t ic ide 

treatment ( L . W i l s o n , C a n a d i a n W i l d l i f e Se rv ice , personal commun ica t i on ) . T h e b i rds were 

hand reared at M o n i k a ' s W i l d l i f e Shelter (Surrey , B r i t i s h C o l u m b i a ) where they were fed a 

mix ture o f dry cat food, peanut butter, hard-boi led c h i c k e n eggs, c o m m e r c i a l c h i c k starter, and 

v i t a m i n s u n t i l they were se l f - feeding ( M . To lgsdo r f , M o n i k a ' s W i l d l i f e Shel ter , pe r sona l 

communica t ion) . A t this t ime they were p rov ided w i t h dry cat food and c lean water for d r i n k i n g 

and ba th ing ad libitum. T h e b i rds were housed i n c o m m u n a l ou tdoor pens m e a s u r i n g 

approximate ly 3.7 m long x 3.7 m wide x 3.7 m h i g h and then transferred to 3.7 m x 2.4 m x 3.7 

m pens w i t h g rave l f loors w h e n self-feeding. E a c h b i r d was outfit ted w i t h both a numbered 

metal leg band and plast ic co loured leg bands for i nd iv idua l identif icat ion. 

U p o n r each ing sexua l matur i ty , the b i rds were t ransferred to b reed ing pens at the 

U n i v e r s i t y o f B r i t i s h C o l u m b i a ' s San Rafae l Research A v i a r y (Surrey, B r i t i s h C o l u m b i a ) . One 

pa i r was housed per pen and three pen types were e m p l o y e d . T w e l v e pairs were housed i n 

indoor pens constructed o f w o o d frame and ch i cken wi re , w i t h tarpaulin used for v i sua l i so la t ion . 

These pens had cement floors and measured 3.8 m x 1.9 m x 3 m . S i x w i n d o w s p rov ided natural 

l i g h t i n g , and add i t iona l a r t i f i c i a l l i g h t i n g was t i m e d to m i m i c the natural l igh t /dark c y c l e . 

S ix teen pairs were kept i n outdoor h o l d i n g pens constructed o f meta l -p ipe frame w i t h n y l o n 

net t ing or c h i c k e n w i r e over c h a i n - l i n k fenc ing . Severa l centimeters o f g rave l cove red the 

ground and tarpaul in was used for v i sua l i so la t ion . These pens measured approximate ly 3.0 m 

w i d e x 3.6 m long x 1.9 m h igh . T w e l v e pairs were housed i n outdoor s ide-by-side pie-shaped 

pens constructed w i t h me ta l p ipes , w o o d fence posts, and c h i c k e n w i r e . Pens were v i s u a l l y 

isolated by tarpaulin, and netting was used as roof ing . These pens measured approximate ly 1.5 
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m w i d e (at the wides t end) x 4.8 m l o n g x 2.1 m h i g h . D r y cat food ( K i r k l a n d Signature , 

Bu rna by , B r i t i s h C o l u m b i a ) and water were p rov ided ad libitum and supplemented w i t h l i q u i d 

c a l c i u m (Stanley Pharmaceuticals L t d . , N o r t h Vancouve r , B r i t i s h C o l u m b i a ) , v i tamins (8 i n 1 Pet 

Produc ts Inc. , Hauppauge , N e w Y o r k ) , and m e a l w o r m s ( M . To lgsdor f , M o n i k a ' s W i l d l i f e 

Shelter, personal communica t ion) . The birds , especia l ly those housed outdoors, also had access 

to any insect and/or plant mater ia l they c o u l d procure themselves. E a c h pai r was also p rov ided 

w i t h a covered feeder, two nesting platforms, paper b o w l s (to serve as a nest foundation), dishes 

o f m u d , and a variety o f nest ing materials , i n c l u d i n g : straw, shredded paper, s tr ing, strips o f 

c lo th , w o o l , and assorted grasses col lec ted from around the aviary. Cedar branches and tarpaulin 

were hung over the nest ing platforms for protect ion against inc lement weather. A l l treatment 

and h o u s i n g pro toco ls were approved by the U n i v e r s i t y o f B r i t i s h C o l u m b i a A n i m a l Ca re 

Commi t tee (Certificate # A 9 7 - 0 0 4 3 ) . 

3.2.4. C h i c k Measurements 

B l o o d samples were sent to the Centre for W i l d l i f e E c o l o g y , S i m o n Fraser U n i v e r s i t y , 

B u r n a b y , B r i t i s h C o l u m b i a , for D N A sex ing (by Bre t t V a n d e r k i s t ) , f o l l o w i n g the p ro toco l s 

ou t l ined i n Gr i f f i ths et a l . (1988). Sex was later con f i rmed w h e n the b i rds were dissected at 

sacr i f ice at the end o f the study. W e i g h t s and measurements were ava i lab le for 55 L o w e r 

M a i n l a n d ( f rom 33 nests) and 91 Okanagan (f rom 41 nests) 10-day o l d ch i cks . C h i c k s were 

w e i g h e d and body measurements taken approximate ly ten days post-hatch, u s ing an electronic 

scale and cal ipers . Tarsus length refers to the distance from the j u n c t i o n o f the t ibiotarsus and 

the tarsometatarsus to the j u n c t i o n w i t h the m i d d l e toe. W i n g length was measured f r o m the 

bend o f the fo lded w i n g to the t ip o f the longest p r imary . To e length refers to the distance f rom 

the j unc t i on o f the distal end o f the tarsometatarsus to the p r o x i m a l end o f the c l a w o f the midd le 

toe ( A l d r i c h & James, 1991). A s more than one c h i c k was co l lec ted from most nests, means per 

b rood were used for the analyses to m i n i m i z e psuedorepl icat ion. 

3.2.5. G r o w t h Measurements 

B o d y weights and tarsus lengths were recorded w h e n the ch icks were approximate ly 10 

days ( M a y - J u l y , 1997), 2 months (July-September, 1997), 5 months (October-December , 1997), 

and 7-9 months (February, 1998) o f age. B o d y weights were also measured f o l l o w i n g their first 

breeding season (August-September, 1998). M e a n s per b rood were used for the analyses. 
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3.2.6. T h y r o i d Hormones 

B l o o d samples were co l l ec ted f rom the b i rds i n J u l y , A u g u s t , or September ( S u m m e r 

1997), Oc tobe r , N o v e m b e r , or D e c e m b e r ( F a l l 1997) , F e b r u a r y 1998, and A u g u s t 1998. 

Samples f r o m 11 L o w e r M a i n l a n d and 11 O k a n a g a n b i rds ( a l l f r o m different nests) were 

ana lyzed for p l a s m a t r i iodothyronine and thyrox ine leve ls . A l l b l o o d samples were co l l ec ted 

f r o m the j u g u l a r v e i n u s i n g a 27 gauge hepa r in i zed needle and 1 m l syr inge ( L . W i l s o n , 

Canad i an W i l d l i f e Serv ice , personal communica t ion ) . A p p r o x i m a t e l y one m l o f w h o l e b l o o d 

was co l lec ted f rom each b i rd , centrifuged at 3300 r p m for 5 minutes, and the p l a sma separated 

f rom the b l o o d cel ls . To ta l p l a sma t r i iodothyronine and thyroxine concentrations were ana lyzed 

by Tracy Marchan t at the U n i v e r s i t y o f Saskatchewan, Saskatoon, Saskatchewan. Ana lyses were 

conducted us ing unextracted serum and a rad io immuno-assay f o l l o w i n g protocols ou t l ined by 

C h o p r a (1972). 

3.2.7. Immune Response 

3.2.7.1. Differential White Blood Cell Counts 
B l o o d smears were made w h e n the birds were 10-days-o ld (99 L o w e r M a i n l a n d b i rds 

from 32 broods, and 159 Okanagan b i rds f r o m 41 broods) and post-breeding adults i n A u g u s t 

1998 (33 L o w e r M a i n l a n d birds f rom 24 broods, 45 Okanagan birds f rom 31 broods). B l o o d for 

the smears was co l lec ted f rom the jugu la r v e i n us ing a 27 gauge hepar in ized needle and 1 cc 

syr inge . Smears were a l l o w e d to d ry and then stained u s i n g a H e m a c o l o r ( E M D i a g n o s t i c 

Sys tems, G i b b s t o w n , N e w Jersey) s ta in ing k i t . D i f f e r en t i a l wh i t e b l o o d c e l l counts were 

conducted us ing lOOOx o i l i m m e r s i o n mic roscopy . One hundred whi te b l o o d cel ls were counted 

and ratios o f heterophils + eos inophi ls to lymphocytes + monocytes were determined. C e l l types 

were c o m b i n e d due to count ing dif f icul t ies (Hodges , 1979), but as numbers o f eos inophi l s and 

monocytes are no rmal ly l o w i n birds ( D uf va & A l l a n d e r , 1995), these values p r imar i l y represent 

heterophi l and lymphocyte numbers and the ratio can be treated as heterophi l . lymphocyte ratio. 

3.2.7.2. Phytohemagglutinin Skin Test 
T w e l v e L o w e r M a i n l a n d and 13 O k a n a g a n adul t ma l e rob ins were used for the 

phytohemagglut in in tests i n M a y 2000. F o r each b i rd a smal l (approximately 1 cm) patch o f s k i n 

o n each w i n g web (patagium) was p l u c k e d or t r i m m e d c lean o f feathers and d o w n . T h i s spot 

was then c leaned w i t h a l c o h o l and measured u s i n g a ca l ib ra ted M i t u t o y o d ig i t a l pressure-

sensitive micrometer (Dyer , Lancaster , Pennsylvania) . The left w i n g (control) o f each b i rd was 

then injected sub-cutaneously w i t h 50 u l o f sterile Dulbecco ' s phosphate buffered saline (S igma , 
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St. L o u i s , M i s s o u r i ) us ing a 27 gauge needle. Care was taken to ensure that the needle d i d not go 

through the pa tagium and that the saline d i d not leak out o f the inject ion site. The right w ings o f 

the same bi rds were injected w i t h 1 m g / m l phy tohemagg lu t in in ( S i g m a , St. L o u i s , M i s s o u r i ) 

d i s so lved i n 50 p i sal ine. Twen ty - four hours later, the in jec t ion sites o n bo th w i n g s were re-

measured. Pa tag ium thickness was measured three t imes both p r io r to and 24 hours after the 

injections and means were used for the analyses. A w i n g index was calculated for each b i r d by 

subt rac t ing the d i f ference i n w i n g w e b th i ckness for the sa l ine w i n g f r o m that o f the 

phy tohemagglu t in in w i n g ( [post-phytohemagglut inin - pre-phytohemagglut in in] - [post-saline -

pre-saline]) ( K e a n & Lamont , 1994; Smits et a l . , 1999; Smits & W i l l i a m s , 1999). 

3.2.8. M o r t a l i t y 

A g e at t ime o f death or disappearance and cause o f death were recorded w h e n k n o w n . 

B i r d s that d i e d p r i o r to f l edg ing age ( approx imate ly 14 days post-hatch) were cons ide red 

nest l ings, whereas those that d i ed between 14 and 30 days o f age were labe led as f ledgl ings . 

R o b i n s that d ied after 30 days but pr ior to their first breeding season and the move to San Rafae l , 

at approximate ly 7 to 10 months o f age, were considered juven i l es . A n y birds that su rv ived to 

February 1998 were cons idered adults and sexua l ly mature. Cause o f death was c lassed as 

unde te rmined , acc identa l , escape/disappearance, depredat ion, euthanasia (due to in jury) , or 

s ta rva t ion /cocc id ios i s . Hea l t hy b i rds that were sac r i f i ced at the end o f the study were not 

inc luded here. 

3.2.9. Tissue Weights and B o d y Measurements 

F o l l o w i n g c o m p l e t i o n o f the study 23 L o w e r M a i n l a n d and 31 O k a n a g a n bi rds were 

sacr i f iced by decapitat ion and dissected. C o l l e c t e d tissues (heart, spleen, l iver , k idneys , gonads, 

t hy ro id glands, thymus, bursa, oviduct , and brain) were w e i g h e d w h e n fresh and then f rozen or 

stored i n fo rma l in for future analyses. The same body measurements were taken as at 10 days 

(tarsus, w i n g c o r d , m i d d l e toe, body weigh t ) . T i s sue weigh ts and b o d y measurements for 

i n d i v i d u a l bi rds were analyzed. 

3.2.10. Statistics 

Differences between L o w e r M a i n l a n d and Okanagan samples i n egg contaminants , egg 

measurements , c h i c k measurements , t h y r o i d ho rmone l eve l s , and i m m u n e response were 

ana lyzed us ing one-way analyses o f var iance ( A N O V A s ) and nest means. S e x ratios were 

ana lyzed us ing nomina l logist ics (x2), as were age and cause o f death. Tissue weights at t ime o f 

sacrifice were corrected for body weight by d i v i d i n g the tissue weigh t by the body weight minus 
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the tissue weight . Differences i n tissue and body measurements at sacrifice were ana lyzed us ing 

one-way A N O V A s and data f rom ind iv idua l birds. D a t a were c o m m o n log transformed, where 

necessary, i n order to increase n o r m a l i t y . M a h a l a n o b i s ou t l ie r tests were used to ident i fy 

outl iers. Pa i r -wise correlat ions were conducted to determine the effects o f egg p , p ' - D D T , o,p'-

D D T , p , p ' - D D D , o , p ' - D D D , p , p ' - D D E , and o , p ' - D D E i n the Okanagan birds on ly . Contaminant 

non-detects and zeros were replaced by 0.00005 (ha l f the detect ion l im i t ) for the correlat ions. P 

values less than or equal to 0.05 were considered significant. A l l statistics were conducted us ing 

J M P vers ion 3.2.1 software ( S A S Institute, C a r y , N o r t h Caro l ina ) . V a l u e s presented represent 

means + standard errors, and ranges. 

3 . 3 . R e s u l t s 

3.3.1. E g g Contaminants 

Tab le 3-1 il lustrates the means, standard errors, and ranges for mois ture content, l i p i d 

content, p , p ' - D D T , p , p ' - D D D , p , p ' - D D E , o,p'- D D T , o , p ' - D D D , o , p ' - D D E , and the ratios o f D D E 

to D D T for the eggs c o l l e c t e d i n 1997. T h e c o m p l e t e l i s t i n g o f o r g a n o c h l o r i n e and 

polychlor ina ted b iphenyls ana lyzed is avai lable i n A p p e n d i x I. A s expected, Okanagan eggs had 

s igni f icant ly higher levels o f p , p ' - D D T ( F \ 3 2 = 66.0, p < 0.0001), p , p ' - D D D ( F i , 32 = 24.3 , p < 

0.0001), and p , p ' - D D E ( F i , 32 = 41.8, p < 0.0001) than L o w e r M a i n l a n d eggs. W h i l e p,p' isomers 

were found i n a l l the samples, o,p' isomers were on ly found i n the Okanagan eggs. 0 , p ' - D D T 

was detected i n 74 .2%, o , p ' - D D D i n 48 .4%, and o , p ' - D D E i n 4 5 . 2 % o f the Okanagan eggs. The 

D D E : D D T ratio was not s igni f icant ly different between the two groups, a l though there was a 

trend (p = 0.06) towards higher ratios occur r ing i n the L o w e r M a i n l a n d eggs than the Okanagan 

eggs. L o w e r M a i n l a n d eggs contained a s ignif icant ly higher percentage o f l i p i d than Okanagan 

eggs (F\j2 = 5.7, p = 0.02), but there were no differences i n moisture content. L i p i d content was 

negat ively correlated w i t h o , p ' - D D D (r = - 0.4, n = 31 , p = 0.02) i n the Okanagan eggs, but there 

were no other significant correlations. 

3.3.2. E g g Measurements 

E g g s co l lec ted f rom the L o w e r M a i n l a n d averaged 6.7 grams ( ± 0 . 1 , range = 5.6 - 8.3 

grams) i n weight , as d i d eggs co l l ec ted f r o m the Okanagan (+ 0 .1 , range = 5.1 - 8.4). E g g 

lengths ranged f rom 27.5 to 32.2 m m (29.7 + 0.2 m m ) i n the L o w e r M a i n l a n d samples and 26.3 

to 32.6 m m (29.2 + 0.2 m m ) i n the Okanagan samples. E g g widths were very s imi la r between 



Table 3-1: Means (± se) and ranges of DDTs, moisture content, and lipid content (p:g/g) 
American robin eggs collected from the Okanagan and Lower Mainland. 

Lower Mainland 
n = 3 

Okanagan 
n = 31 

% Moisture 82.0 ( ± 0.2) 
8 1 . 6 - 8 2 . 3 

82.8 ( ± 0.3) 
80.2 - 85.3 

% Lipid 5.7 ( ± 0.2) 
5 . 4 - 6 . 1 

4.3 ( ± 0.2)* 
1 .5 -5 .8 

p,p'-DDT 0.1 ( ± 0 . 0 1 ) 
0 . 1 - 0 . 2 

12.1 (± 1.6)* 
0.9 - 30.5 

o,p-DDT N D 
0.07 ( ± 0 . 0 1 ) 

N D - 0.3 

p,p'-DDD 0.009 ( ± 0.004) 
0.003 - 0.02 

1.0 ( ± 0 . 3 ) * 
0.06 - 8.7 

o,p'-DDD N D 
0.005 ( ± 0 . 0 0 1 ) 

N D - 0.02 

p,p'-DDE 1.9 ( ± 0 . 7 ) 
0 . 9 - 3 . 2 

51.7 ( ± 8 . 7 ) * 
1 0 . 0 - 2 4 5 . 0 

o,p'-DDE N D 
0.005 ( ± 0.0009) 

N D - 0.01 

DDE:DDT 12.8 ( ± 3 . 7 ) 
8 . 0 - 2 0 . 1 

6.8 (± 2.0) 
0 . 7 - 6 3 . 1 

N D = not detected, *p < 0.05 
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the two groups ( L o w e r M a i n l a n d 21.0 ± 0.1, range 19.3 - 22.6 m m ; Okanagan 21.0 + 0.1, range 

19.3 - 23.0 m m ) . There were no significant differences i n weight , length, or w i d t h o f the L o w e r 

M a i n l a n d and Okanagan eggs. The Okanagan pai r -wise correlations between egg measurements 

and D D T contaminant levels were also not significant. 

3.3.3. C h i c k Measurements 

C h i c k measurements are l is ted i n Tab le 3-2. L o w e r M a i n l a n d ch i cks had s ign i f ican t ly 

longer midd le toes than their Okanagan counterparts (Fi,68 = 475.9 , p < 0.0001). There were no 

s ignif icant type differences i n the other body measurements. F o r the Okanagan ch i cks , body 

weight was pos i t ive ly correlated w i t h p , p ' - D D E (r = 0.5, n = 3 1 , p = 0.009), but there were no 

other s ignif icant correlat ions. Sex was determined for 104 birds. There were 22 female and 21 

male ch icks col lected f rom the L o w e r M a i n l a n d and 27 females and 34 males col lec ted f rom the 

Okanagan. There were no significant differences i n sex ratio between the two groups. 

3.3.4. G r o w t h Measurements 

F igure 3-1 demonstrates body weights for the b i rds at the var ious ages measured, and 

F igure 3-2 illustrates changes i n tarsus length w i t h t ime. There were no signif icant differences i n 

we igh t at any o f the ages tested. H o w e v e r , w h e n out l iers were r e m o v e d f r o m the analyses, 

Okanagan birds were s h o w n to w e i g h more than L o w e r M a i n l a n d birds at 2 months o f age, but 

L o w e r M a i n l a n d birds w e i g h e d more at 7 - 9 months o f age. W i t h i n the Okanagan birds , on ly 

10- day weigh t was pos i t i ve ly correlated w i t h p , p ' - D D E (r = 0.4, n = 25 , p = 0.04). Tarsus 

lengths were s ign i f i can t ly larger i n the L o w e r M a i n l a n d than i n the O k a n a g a n broods at 2 

months ( F i , 6 5 = 15.8, p = 0.0002), 5 months ( F , j 6 2 = 6.2. p = 0.02), and 7 to 9 months ( F i > 6 ] = 5.8, 

p = 0.02) o f age. The difference i n tarsus lengths at 7 to 9 months, however , was non-signif icant 

w h e n an outl ier was removed. There were no signif icant correlations between egg contaminant 

levels and tarsus length. 

3.3.5. T h y r o i d Hormones 

There were no s ignif icant differences between L o w e r M a i n l a n d and Okanagan birds i n 

t r i iodo thyron ine or t hy rox ine leve l s , at any o f the ages tested (F igure 3-3). N o s igni f icant 

correlations between thyro id hormone levels and egg D D T residues were found. 
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Table 3-2: Means (+ se) and ranges of body weight, and tarsus, wing cord, and middle toe 
lengths of ten day old American robin nestlings collected from the Okanagan and 
Lower Mainland. 

Weight (g) Tarsus (mm) Wing (mm) Toe (mm) 

Lower 58.4 (+1.5) 37.3 ( ± 0.3) 63.4 ( ± 1.7) 21.6 ( ± 0 . 3 ) 

Mainland 34.0 - 76.0 3 2 . 8 - 4 1 . 5 46.0 - 79.0 1 9 . 0 - 2 6 . 0 

Okanagan 
60.4 ( ± 0.8) 

50.1 -75 .1 

36.8 ( ± 0.2) 

33.9 - 40.6 

64.6 ( ± 0.9) 

5 0 . 7 - 7 4 . 3 

10.9 ( ± 0 . 3 ) * 

6 . 7 - 2 0 . 0 

*p < 0.05 



;ure 3-1: Mean (+ se) body weights (grams) of Lower Mainland and Okanagan American robins at various ages. 



39.5 n 

Figure 3-2: Mean (+ se) tarsus lengths (mm) of Lower Mainland and Okanagan American robins at various ages. * p < 
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A ) T r i iodothyronine 

Summer 1997 Fall 1997 February 1998 August 1998 

Summer 1997 Fall 1997 February 1998 August 1998 

Time 

Figure 3 - 3 : Plasma levels of A)triiodothyronine (pg/ml) and B)thyroxine (ng/ml) in 
Okanagan and Lower Mainland robins at various ages. 



56 

3.3.6. Immune Response 

3.3.6.1. White Blood Cell Ratios 

L o w e r M a i n l a n d b i rds had s ign i f i can t ly h igher he te rophi l to l y m p h o c y t e ratios than 

Okanagan bi rds at ten days o f age ( F i j i = 11.1, p = 0 .001; F i g u r e 3-4), but there were no 

signif icant differences between the groups w h e n they were post-breeding adults. W h i t e b l o o d 

c e l l ratios i n the O k a n a g a n b i rds , however , were s ign i f ican t ly correlated w i t h p , p ' - D D T w h e n 

they were post-breeding adults (r = 0.4, n = 25 , p = 0.03). Ra t ios were considerably higher w h e n 

the b i rds were 10-day-o ld nest l ings as compared to post -breeding adults (F1J26 = 244 .0 , p < 

0.0001; F igure 3-4). 

3.3.6.2. Phytohemagglutinin Skin Test 

There were no signif icant differences between L o w e r M a i n l a n d and Okanagan males i n 

their response to the phy tohemagglu t in in s k i n test, nor were there any s ignif icant correlat ions 

w i t h egg D D T levels for the Okanagan birds . W i n g web indices i n the L o w e r M a i n l a n d males 

ranged f rom - 0.04 to 1.0 (0.5 ± 0 . 1 ) , w h i l e Okanagan ma le s ' ranged f r o m 0.1 to 1.1 (0.4 ± 

0.08). 

3.3.7. M o r t a l i t y 

Tab le 3-3 illustrates cause o f death for the robins i n this study. I n a number o f cases, 

cause o f death was not determined. F i v e o f the O k a n a g a n b i rds were d iagnosed as h a v i n g 

intestinal cocc id ios i s (parasites Eimeria and Isospora), and it was suspected that a l l 13 o f the 

Okanagan birds that appeared to starve to death (wast ing) were infected. T w o o f these b i rds 

were also suffering f rom leucocytozoonosis (protozoan b l o o d parasite, Leucocytozoon). N o n e o f 

the L o w e r M a i n l a n d birds housed under the same condi t ions were affected. Seven birds were 

euthanized f o l l o w i n g debi l i t a t ing injuries . A c c i d e n t a l deaths i n c l u d e d those incur red du r ing 

b l o o d s a m p l i n g , d r o w n i n g ( in water dishes) , and a var ie ty o f other inc idents . B i r d s that 

disappeared or escaped were presumed dead and were l i k e l y depredated. Severa l b i rds d i ed 

f o l l o w i n g t rauma as a result o f house cat (Felis domesticus) and h a w k attack attempts f r o m 

outside the cages, but exact cause o f death was not determined. Rats (Rattus norvegicus) were 

c o m m o n i n the breeding pens and were considered responsible for the predat ion deaths. There 

was a signif icant difference between the L o w e r M a i n l a n d and Okanagan birds i n cause o f death 

(X2 - 14.2, p = 0.01), most l i k e l y due to the starvation deaths i n the Okanagan birds. 
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Figure 3-4: Differences (+ se) in white blood cell ratios (eosinophils + heterophils / 
lymphocytes + monocytes) for Lower Mainland and Okanagan American robins as 10 
day old nestlings and post-breeding adults. *p < 0.05 
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Table 3-3: Causes of death for American robins collected from the Okanagan and Lower 
Mainland. 

Lower Mainland 
n = 33 

Okanagan 
n = 60 

Total 
n = 93 

undetermined 19 
57 .6% 

22 
36 .7% 

41 
4 4 . 1 % 

accidental 3 
9 . 1 % 

10 
16.7% 

13 
14.0% 

disappeared/ 
escaped 

5 
15.2% 

5 
8.3% 

10 
10.8% 

depredated 3 
9 . 1 % 

6 
10.0% 

9 
9.7% 

euthanized 3 
9 . 1 % 

4 
6.7% 

7 
7 .5% 

starved/coccidiosis 0 
13 

2 1 . 7 % 
13 

14.0% 
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Contaminan t levels i n the egg d i d not s igni f icant ly inf luence the cause o f death for Okanagan 

birds. The Okanagan birds that d i ed as juven i l e s f rom starvat ion/coccidiosis , for instance, came 

f rom nests w i t h a w ide range o f contaminant levels . To ta l egg D D T levels for these birds ranged 

f rom 13.5 to 104.3 pg /g . A l t h o u g h , most o f the birds su rv ived to adul thood (107/147, 72 .8%), 4 

(2.7%) birds d i ed w h e n s t i l l i n the nest l ing stage (< 14 days o f age), and 5 (3.4%) ch icks d i ed 

dur ing what w o u l d be considered the f ledgl ing (> 14 days but < 30 days) stage. A n addi t ional 31 

(21.1%>) birds d ied p r io r to sexual maturi ty and transfer to the breeding cages (February 1998). 

There was a s ignif icant difference between the L o w e r M a i n l a n d and Okanagan birds i n t ime o f 

death (k2 = 14.6, p = 0.002; Tab le 3-4). A l t h o u g h the major i ty o f both L o w e r M a i n l a n d and 

Okanagan d ied as adults, a larger number o f Okanagan birds d ied as juven i les , l i k e l y as a result 

o f cocc id ios i s infections. 

3.3.8. Tissue Weights and B o d y Measurements 

Tissue weights and body measurements at sacr i f ice are l i s ted i n Tab le 3-5. The o n l y 

s ign i f i can t differences i n o rgan weigh ts (correc ted for b o d y we igh t ) be tween the L o w e r 

M a i n l a n d and Okanagan birds were i n l iver w e i g h t ( F i ^ = 4.3 , p = 0.04), and heart weight (Fi ; 36 

= 9.6, p = 0.004). B o t h o f these tissues were heavier i n Okanagan than L o w e r M a i n l a n d birds . 

The r emova l o f an outl ier rendered the difference i n l ive r weight non-signif icant . Differences i n 

brain , thyro id glands, thymus, spleen, bursa, gonad, and oviduct weights were not significant, nor 

were the differences i n body measurements. W i t h i n the Okanagan birds, s ignif icant correlations 

were found between gonad weigh t and p , p ' - D D E (r = - 0.5, n = 18, p = 0.04; F igu re 3-5), and 

ov iduc t we igh t and o , p ' - D D T (r = 0.8, n = 9, p = 0.009; F igure 3-6). E g g D D T levels d i d not 

s ign i f i can t ly correlate w i t h the other tissue weights or w i t h the body measurements taken at 

sacrifice. 

3.4. Discussion 

The objective o f this study was to examine whether early exposure to D D T has any delayed 

or long- te rm effects o n the g r o w t h and su rv iva l o f A m e r i c a n robins . T h i s was done by : 1) 

compar ing contaminated Okanagan birds w i t h uncontaminated L o w e r M a i n l a n d controls, and 2) 

corre la t ing contaminat ion levels o f Okanagan eggs w i t h the g rowth parameters o f their c lu t ch 

mate(s). The des ign o f the study was based o n three assumptions: a) that the Okanagan and 

L o w e r M a i n l a n d birds were o f s imi la r genetic background, b) the l eve l o f contaminat ion i n a l l 
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Table 3-4: Ages at time of death for American robins collected from the Okanagan and 
Lower Mainland. 

Lower Mainland Okanagan Total 

n = 33 n = 60 n = 93 

adult 
24 

72 .7% 

29 

4 8 . 3 % 

53 

57 .0% 

juvenile 
4 

12 .1% 

27 

4 5 . 0 % 

31 

3 3 . 3 % 

fledgling 
4 

12 .1% 

1 

1.7% 

5 

5.4% 

nestling 
1 

3.0% 

3 

5.0% 

4 

4 . 3 % 
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Table 3-5: Means (+ se) and ranges of body measurements and tissue weights (corrected 
for body weight) of Okanagan and Lower Mainland robins at sacrifice. 

Lower Mainland 
n = 15 

Okanagan 
n = 23 

body weight (grams) 79.9 ( ± 1.1) 
72.1 - 8 5 . 4 

81.4 ( ± 1 . 0 ) 
6 6 . 6 - 8 6 . 6 

wing (cm) 12.8 ( ± 0.2) 
1 1 . 5 - 1 4 . 1 

12.9 ( ± 0 . 1 ) 
1 1 . 5 - 1 3 . 3 

toe (cm) 1.7 ( ± 0 . 3 ) 
1 . 5 - 1 . 9 

1.7 ( ± 0 . 3 ) 
1 . 5 - 1 . 9 

tarsus (cm) 3.7 ( ± 0 . 3 ) 
3 . 4 - 3 . 9 

3.7 ( ± 0 . 3 ) 
3 . 5 - 4 . 0 

brain (g) 0.021 ( ± 0 . 0 0 0 4 3 ) 
0 . 0 1 8 - 0 . 0 2 3 

0.020 ( ± 0.00040) 
0 . 0 1 8 - 0 . 0 2 4 

thyroids (g) 0.00025 ( ± 0 . 0 0 0 0 1 8 ) 
0 . 0 0 0 1 3 - 0 . 0 0 0 3 8 

0.00031 ( ± 0 . 0 0 0 0 2 5 ) 
0 . 0 0 0 1 3 - 0 . 0 0 0 6 2 

thymus (g) 0.0013 ( ± 0 . 0 0 0 1 5 ) 
0.00039 - 0.0023 

0.0011 ( ± 0 . 0 0 0 1 1 ) 
0.00036 - 0.0025 

heart (g) 0.012 ( ± 0 . 0 0 0 2 5 ) 
0 . 0 1 1 - 0 . 0 1 4 

0.013 ( ± 0 . 0 0 0 2 9 ) * 
0 . 0 1 1 - 0 . 0 1 6 

spleen (g) 0.002 ( ± 0.00043) 
0.00054 - 0.0074 

0.0023 ( ± 0 . 0 0 0 1 9 ) 
0 . 0 0 1 0 - 0 . 0 0 4 1 

gonads (g) 0.00052 ( ± 0.000047) 
0.00021 - 0 . 0 0 0 7 9 

0.00041 ( ± 0 . 0 0 0 0 3 9 ) 
0 . 0 0 0 1 6 - 0 . 0 0 0 7 9 

bursa (g) 0.00086 ( ± 0.000082) 
0 . 0 0 0 4 2 - 0 . 0 0 1 4 

0.00092 ( ± 0.000072) 
0 . 0 0 0 5 2 - 0 . 0 0 1 8 

kidneys (g) 0.011 ( ± 0 . 0 0 0 5 3 ) 
0 . 0 0 8 2 - 0 . 0 1 5 

0.011 ( ± 0 . 0 0 0 2 3 ) 
0 . 0 0 9 0 - 0 . 0 1 4 

oviduct (g) 0.00073 ( ± 0.000072) 
0 . 0 0 0 4 4 - 0 . 0 0 1 2 

0.00070 ( ± 0.000096) 
0.00031 - 0 . 0 0 1 5 

liver (g) 0.024 ( ± 0.00093) 
0 . 0 1 8 - 0 . 0 3 1 

0.026 ( ± 0.00060)* 
0.022 - 0.035 

*p < 0.05 



;ure 3-5: Relationship between gonad weight at sacrifice (grams, corrected for body weight) and egg p,p'-DDE (ng/g) levels. 
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Figure 3-6: Relationships between egg o,p'-DDT ((-ig/g) and female Okanagan American robin oviduct weights (grams) at time of 
sacrifice. 
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the eggs i n a c lu t ch was s imi la r , and c) among Okanagan b i rds , parental care and post-hatch 

D D T exposure (from hatching to about ten-days o f age) was not a s ignif icant var iable . 

3.4.1. G r o w t h and Deve lopment 

A s expected, Okanagan eggs contained cons iderably higher levels o f D D T s than L o w e r 

M a i n l a n d eggs (See E l l i o t t et a l . , 1994; G i l l et a l . , 2003 ; Ha r r i s et a l . , 2000) . It was also found 

that o,p' isomers were on ly present i n Okanagan eggs and not L o w e r M a i n l a n d eggs. Okanagan 

eggs also had higher l i p i d contents. C h i c k s col lected from the Okanagan had shorter m i d d l e toes 

and at certain points i n development also had shorter tarsi. Af te r reaching adulthood, their hearts 

and l ivers (adjusted for body weight) were heavier than those o f L o w e r M a i n l a n d birds. O f the 

parameters examined , on ly body weight at ten days o f age was correlated w i t h p , p ' - D D E levels 

i n the eggs. C h i c k s f rom more contaminated nests were heavier at ten-days than those f rom 

nests w i t h l o w e r D D E leve l s . These results suggest that in ovo con tamina t ion m a y have 

inf luenced weigh t ga in i n these ch icks short ly after ha tching. The majori ty o f studies suggest 

that D D T s suppress rather than promote g rowth (Br i t t on et a l . , 1974; F o x , 1997; T y l e r et a l . , 

1998; V o s et a l . , 2000) . In Bengalese finches (Lonchura striata), for instance, both egg weigh t 

and ch i ck weigh t decreased w i t h increas ing p , p ' - D D T and p , p ' - D D E levels (Jefferies, 1971). A s 

parental care measures and immediate post-hatch D D T exposure are not k n o w n for the robins i n 

this study, they c o u l d serve as confounding factors. 

O k a n a g a n bi rds had shorter m i d d l e toes than L o w e r M a i n l a n d c h i c k s , and they had 

shorter tarsi than L o w e r M a i n l a n d birds at two , f ive , and seven to nine months o f age. L o w e r 

M a i n l a n d birds showed the most dramatic increase i n tarsus length between ten days and two 

months o f age. The Okanagan birds, i n contrast, d i d not exhibi t this g rowth spurt un t i l between 

two and five months o f age. Tarsus g rowth is often used as an indicator o f body g rowth ( A l d r i c h 

& James, 1991). These results suggest that g rowth i n Okanagan birds was delayed relative to the 

L o w e r M a i n l a n d controls . T h i s is an effect w h i c h m a y be attributed to in ovo D D T exposure 

(Br i t t on et a l . , 1974; F o x , 1997; T y l e r et a l . , 1998; V o s et a l . , 2000) . W h i l e Okanagan ch i cks 

we ighed more than L o w e r M a i n l a n d ch icks at two months o f age, by the t ime they were seven to 

nine months o l d they we ighed less. 

D D T s c o u l d potent ia l ly influence body weight and weight ga in through their effects o n 

the thy ro id glands, as t hy ro id hormones influence both body and organ g rowth (Jefferies, 1975; 

K i n g & M c L e l l a n d , 1984). The steroid hormone effects o f D D T s m a y also p lay a role i n body 

weight . The anti-androgen, flutamide, depressed the body weights o f three and seven week o l d 
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bro i le r c h i c k s , suggest ing that interference w i t h the act ions o f endogenous androgens dur ing 

e m b r y o n i c l i fe can suppress pos t -hatching g r o w t h ( B u r k e , 1996). A s p , p ' - D D E is an ant i -

androgen ( G a i d o et a l . , 1997; K e l c e et a l . , 1995, 1998), i t m a y have s imi l a r effects, a l though this 

cannot be c lear ly demonstrated i n this study. There were no s igni f icant differences be tween 

L o w e r M a i n l a n d and Okanagan birds i n either p lasma t r i iodothyronine or thyroxine levels at any 

o f the ages tested and there were no s ignif icant correlations between the D D T s measured i n the 

eggs and thyro id hormones at any age. 

B o t h l ivers and hearts were heavier i n Okanagan than L o w e r M a i n l a n d birds . P rev ious 

studies have l i n k e d both enlarged hearts and l ivers to thy ro id hormone levels . F o r example , l ive r 

hyper t rophy and l i v e r g l y c o g e n a c c u m u l a t i o n can be i n d u c e d by h y p o t h y r o i d i s m i n c h i c k s 

(Wentwor th & Ringer , 1986), and thyroxine can accelerate heart rate and increase heart weight 

i n domest ic fowls (Jefferies, 1975). S i m i l a r effects have been seen w i t h D D T . B o b w h i t e qua i l 

(Colinus virginianus; Hurs t et a l . , 1974) and pigeons (Columba livia; Jefferies & French , 1969) 

showed increasing l iver weights w i t h increasing D D T dose. The increase i n l ive r size m a y have 

been due to increased hepatic act ivi ty and metabol i sm o f c i rcu la t ing hormones, as D D T is k n o w n 

to induce enzyme b r e a k d o w n o f hormones ( P e a k a l l , 1967). P igeons fed a l o w dose o f D D T 

exhib i ted increases i n ampl i tude o f the vent r icular beat and heart weight , but birds fed a h i g h 

dose showed heart beat ampli tudes lower than that i n controls , decreased heart weights , and th in , 

f l a c c i d heart musculature . Hear t rate, beat ampl i tude , and we igh t cont inued to increase w i t h 

increasing dose, however , i n Bengalese f inch (Jefferies, 1975). A l t h o u g h the robins i n this study 

d i d not demonstrate any s ignif icant differences i n t hy ro id hormone levels , l i t t le is k n o w n about 

the effects o f in ovo exposure to D D T o n these organs. 

W h i l e there was no s ign i f i can t difference i n g o n a d and o v i d u c t we igh t s be tween 

Okanagan and L o w e r M a i n l a n d birds , gonad weights i n the Okanagan bi rds were nega t ive ly 

correlated w i t h p , p ' - D D E . P a r a , p a r a ' - D D E has been s h o w n to act as an androgen antagonist 

(Ga ido et a l . , 1997; K e l c e et a l . , 1995, 1998), thus its effects o n testes g rowth and development 

i n par t icular c o u l d be p rofound . O v i d u c t weights were p o s i t i v e l y corre la ted w i t h o , p ' - D D T 

exposure. T h i s f o r m o f D D T is a k n o w n estrogen agonist that has been s h o w n to increase 

ov iduc t weight i n other species (S t i cke l , 1973). T h i s study demonstrates that early exposures to 

these D D T isomers m a y also have long term effects o n these reproductive organs. It is therefore 

o f interest to examine the reproductive performance and behavior o f these Okanagan birds (See 

Chapter I V ) . 
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3.4.2. Imrnunity and S u r v i v a l 

A t ten-days o f age, L o w e r M a i n l a n d ch i cks had h igher percentages o f heterophi ls and 

eos inophi l s than Okanagan ch icks , whereas Okanagan bi rds had higher leve ls o f l ymphocy tes 

and monocytes . There are several poss ible explanat ions for this. N o r m a l stress response and 

cor t icosterone release increase he te rophi l l eve ls and decrease l y m p h o c y t e l eve l s ( D u f v a & 

A l l a n d e r , 1995; G r a s m a n et a l . , 1996; S iege l , 1980; Smits & W i l l i a m s , 1999), and the heterophil 

to lymphocy te ratio has been used extensively as a rel iable indicator o f p h y s i o l o g i c a l and soc ia l 

stress (Gross & Siege l , 1983; E h r i c h & Gross , 1986; Gross , 1990; de Jong et a l , 2002) . W h i l e 

D D T m a y inh ib i t the stress response i n Okanagan ch i cks (see Chapter V ) thus in f luenc ing the 

whi te b l o o d c e l l ratios ( B i e s m a n n & v o n Faber , 1981; L a t i m e r & S i e g e l , 1974), i t has been 

shown i n chickens that heterophi l / lymphocyte ratios can take up to two days to reflect the effects 

o f a stressor (Puvado lp i rod & Thaxton , 2000) . A s adults these birds w o u l d l i k e l y be less prone 

to stress-related effects o n whi te b l o o d c e l l ratios, as they had been captured and handled o n 

numerous occasions and were l i k e l y somewhat habituated to it. Thus , stress o f hand l ing l i k e l y 

d i d not p lay m u c h o f a role i n the different whi te b l o o d c e l l ratios seen i n the rob in ch i cks , as 

b l o o d samples were obtained immedia te ly upon capture. G l u c o c o r t i c o i d levels and whi te b l o o d 

c e l l numbers fluctuate throughout the day, w i t h var ia t ions as h i g h as 5 0 % ( C r i s p et a l . , 1998). 

T h u s , s i m p l y s a m p l i n g the b i r d s at d i f f e r en t t i m e s o f the d a y m a y i n f l u e n c e 

he te roph i l / lymphocy te ratios. A s l y m p h o c y t e levels tend to r ise i n response to v i ruses , and 

heterophil levels tend to rise i n response to bacteria (S iege l , 1980), it is also possible that one or 

both groups were bat t l ing l o w levels o f infect ion. A l t e rna t ive ly , these differet whi te b l o o d c e l l 

ratios m a y n o r m a l l y be different be tween these t w o groups due to genetic differences (see 

be low) . D D T exposure m a y have tr iggered immune responses i n the Okanagan birds or made 

them more susceptible to infect ion. H o w e v e r , the c e l l ratios were not s igni f icant ly correlated 

w i t h in ovo D D T exposure. 

Regardless o f the the reason behind the difference i n whi te b l o o d c e l l ratios i n nestl ings, 

as adults, L o w e r M a i n l a n d and Okanagan birds d i d not show differences. A s adults, the b i rds 

w o u l d have been less prone to stress induced changes as they were more used to be ing handled 

and the adrenal response to adrenicor t icotropic hormone is l ower i n adults than i n y o u n g birds, 

m a k i n g them less responsive to stressful s t i m u l i (Ha rvey et a l . , 1986). Dif ferences i n whi te 

b l o o d c e l l ratios at var ious l i fe stages m a y s i m p l y reflect n o r m a l age and/or seasonal changes 

(Sturkie & Gr iminge r , 1986). Smits and W i l l i a m s (1999) found an increase i n lymphocytes and 

a decrease i n heterophils and eosinophi ls between 11 and 21 days i n zebra finches (Taeniopygia 



67 

guttata), but D u f v a and A l l a n d e r (1995) found no differences i n white b l o o d c e l l counts between 

different age classes o f Great tits (Parus major). Seasonal changes, even w i t h i n a pe r iod o f a 

few weeks were associated w i t h changes i n the immune systems o f tree swa l lows (Tachycineta 
bicolor) ( B i s h o p et a l . , 1998). H o w e v e r , w i t h i n the Okanagan birds , p , p ' - D D T was pos i t i ve ly 

correlated w i t h whi te b l o o d c e l l ratios. Thus , bi rds f rom more contaminated nests had higher 

heterophil levels as adults. 

It is not k n o w n for sure h o w many ch i cks d i ed pr ior to ten-days o f age w h e n they were 

col lected. G i l l et a l . (2003) reported no significant differences i n hatch rate, b rood size, or fledge 

rate between the L o w e r M a i n l a n d and Okanagan nests f rom w h i c h the b i rds were co l lec ted . 

U n d e r cap t iv i ty , however , the Okanagan bi rds appeared to be more susceptible to infect ious 

disease than L o w e r M a i n l a n d birds. Thi r teen (21.7%) o f the Okanagan ch icks d i ed o f starvation, 

l i k e l y due to c o c c i d i o s i s , whereas no L o w e r M a i n l a n d b i rds appeared to be affected. 

S ign i f i can t ly higher j u v e n i l e mor ta l i ty occurred i n Okanagan birds due to predat ion, accidents, 

and disease. These three factors are p robably related as s ick birds are more easi ly depredated 

and are more prone to accidents. A s birds f rom the most contaminated nests were no more or 

less l i k e l y to succumb to cocc id ios i s than those f rom less contaminated nests, D D T exposure 

m a y not be the factor i n v o l v e d . A l t h o u g h G r a s m a n et a l . , (1996) f o u n d a decrease i n 

phy tohemagglu t in in response w i t h increas ing D D E levels i n gu l l s and terns, the robins i n this 

study showed no differences i n response related to their levels o f i n o v o D D E exposure. R o e et 

al . (2002) also d i d not find that b a l d eagles (Haliaeetus leucocephalus) f rom contaminated 

coastal sites o n the Great L a k e s were more susceptible to b l o o d borne parasites than birds f rom 

cleaner in ter ior sites. Parasi te exposure can suppress and/or s t imulate i m m u n e responses 

depending o n the l ife stage o f the parasite and the host (B i shop et a l . , 1998). 

It is poss ib le that there are inherent differences be tween the L o w e r M a i n l a n d and 

Okanagan birds w h i c h affect their susceptibi l i ty to disease. B i r d s f rom the L o w e r M a i n l a n d may 

be genet ical ly predisposed to have greater resistance to the part icular c o c c i d i a parasites found i n 

these birds. The L o w e r M a i n l a n d and Okanagan birds m a y even represent different subspecies 

( A l d r i c h & James, 1991). R o b i n s f r o m the L o w e r M a i n l a n d l i k e l y b e l o n g to the subspecies 

Turdus migratorius caurinus, whereas Okanagan robins are probably T. migratorius propinquus 
( A l d r i c h & James, 1991; Cann ings , 1998). I f the birds had been ra ised i n the Okanagan , as 

opposed to the L o w e r M a i n l a n d , L o w e r M a i n l a n d birds m a y have been more prone to infect ion. 

Genet ic differences between the birds may also be exacerbated by early D D T exposure. 
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3.5. Conclusions 

T h i s study demonstrated that in ovo D D T exposure inf luenced growth and organ weights 

i n A m e r i c a n robins f rom the Okanagan V a l l e y . It appears that most o f the detrimental effects o f 

in ovo contaminant exposure i n robins occur re la t ive ly ear ly i n the bi rds ' l i ves . Whether the 

difference i n suscept ibi l i ty to cocc id ios i s infec t ion between the Okanagan and L o w e r M a i n l a n d 

birds was D D T related cannot be established, and requires further examina t ion (see Chapter V . ) . 

It is possible that genetic differences between the two groups o f birds m a y have in f luenced the 

results. 
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Chapter I V 

Reproduction and Behavior in American Robins Exposed In Ovo 

and Ear ly Post-Hatch to D D T and its Metabolites 

4.1. Introduction 

D i c h l o r o d i p h e n y l t r i c h l o r o e t h a n e ( D D T ) , i t s p r i m a r y m e t a b o l i t e s 

d i ch lo ro d ip h en y ld i ch lo r o e th y l en e ( D D E ) and d i ch lo rod ipheny ld i ch lo roe thane ( D D D ) , and a 

var ie ty o f other organochlor ine chemica ls have long been l i n k e d to reproduct ive abnormali t ies 

and fai lure i n birds ( M u r p h y , 1980). A s these chemica l s are deposi ted into eggs dur ing y o l k 

fo rma t ion (Brand t et a l . , 1978; F r y , 1995; Ot t inge r et a l . , 2001) , they can in f luence the 

reproduct ion not on ly o f the exposed generation, but also their offspring. In ovo and early post-

ha t ch exposure to D D T s m a y have p r o f o u n d effects o n the d e v e l o p m e n t and s e x u a l 

d i f ferent ia t ion o f the reproduct ive systems o f b i rds ( B a l a s u b r a m a n i a m & Sundararaj , 1993; 

B u r l i n g t o n & L i n d e m a n , 1950; F r y & T o o n e , 1981 ; S t i c k e l , 1973) . F o r e x a m p l e , ma l e 

C a l i f o r n i a gul ls {Larus californicus) f rom eggs injected w i t h as little as two m g / k g o , p ' - D D T had 

femin ized gonads, w h i l e f ive m g / k g or higher o , p ' - D D T resulted i n the development o f both left 

and right oviducts i n female gul ls (F ry & Toone , 1981). 

D D T con tamina t ion can also lead to alterations i n parental and other behaviours . F o r 

example , mer l ins (Falco columbarius) whose eggs contained h i g h levels o f p , p ' - D D E , and other 

organochlor ines , have been s h o w n to desert their c lutches more read i ly and defend their nests 

less act ively than birds w i t h less contaminated eggs (Fo x & D o n a l d , 1980). H e r r i n g gul l s (Larus 

argentatus) exposed to a number o f chemica l contaminants have also demonstrated decreased 

nest attentiveness ( F o x et a l . , 1978; Rattner et a l . , 1984). 

Hyper-aggressive parents that injured their offspr ing were found i n dos ing studies o f r ing 

doves (Streptopelia risoria) ( M c A r t h u r et a l . , 1983) and Bengalese f inches (Lonchura striata) 

(Jefferies, 1971). Parent birds contaminated w i t h D D T s and other compounds may destroy their 

o w n eggs by eat ing, b r e a k i n g , or eject ing t h em ( O h l e n d o r f et a l . , 1978; S t i c k e l , 1973) . 

Hype rexc i t ab i l i t y and hypersensi t iv i ty to s t imu l i are c o m m o n l y l is ted among the symptoms o f 

D D T p o i s o n i n g i n m a m m a l s , and s i m i l a r resul ts are l i k e l y i n b i r d s (Jeffer ies , 1975) . 

H y p e r a c t i v i t y has been suggested as a p o s s i b l e reason for the nest ina t tent iveness o f 

organochlorine fed r ing doves ( M c A r t h u r et a l . , 1983). 
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A m e r i c a n robins (Turdus migratorius) f rom the Okanagan V a l l e y o f B r i t i s h C o l u m b i a 

are k n o w n to be h i g h l y contaminated w i t h D D T and D D E w h i c h they acquire f r o m eat ing 

earthworms that have consumed contaminated so i l (E l l i o t t et a l . , 1994; G i l l et a l . , 2003 ; Har r i s et 

a l . , 2000) . Despi te the very h i g h levels o f D D T found i n these b i rds , reproduct ion does not 

appear to be adversely affected. A study o f robins nesting i n organic (non-pesticide sprayed) and 

conven t iona l ly (pesticide sprayed) managed orchards i n the Okanagan revealed no s ignif icant 

differences i n c lu tch s ize , nest success, hatching success, or f l edg ing success between the t w o 

orchard types (E l l i o t t et a l . , 1994). G i l l et a l . (2003) also found no s ignif icant differences i n 

hatch rate and fledge rate between robins f rom Okanagan orchards and controls from park areas 

w i t h i n the B r i t i s h C o l u m b i a L o w e r M a i n l a n d . These authors, however , reported that c lu tch size 

and brood size were s ignif icant ly higher i n orchard than non-orchard control sites. 

T h e purpose o f this study was to examine latent effects o f in ovo and ear ly post-hatch 

D D T exposure o n A m e r i c a n r o b i n r ep roduc t ion . T o do this , t en -day -o ld nes t l ings f r o m 

Okanagan orchards, a long w i t h L o w e r M a i n l a n d contro ls were ra i sed i n cap t iv i ty and then 

transferred as pairs to breeding pens where they were mon i to red over two seasons. N e s t i n g 

success was moni tored, eggs and ch icks we ighed and measured, and tissues col lec ted at the t ime 

o f sacrifice. T h y r o i d hormone levels were also measured i n a subset o f breeding pairs, every two 

weeks dur ing one breeding season, as these hormones can p lay a s ignif icant role i n reproduct ion 

(Cheek et a l . , 1999; M c A r t h u r et a l . , 1983; N e l s o n , 2000; W e n t w o r t h & Ringer , 1986; W i l s o n & 

D o n h a m , 1988). A number o f behaviours were observed, i n c l u d i n g aggressive, v o c a l i z a t i o n , 

maintenance , and reproduct ive behaviours . A s no s ign i f i can t differences were f o u n d i n the 

reproduct ion o f B r i t i s h C o l u m b i a robins i n the w i l d , it was expected that capt ive birds f rom the 

O k a n a g a n and L o w e r M a i n l a n d w o u l d demonstrate s i m i l a r l eve ls o f reproduc t ive success. 

H o w e v e r , it is poss ib le that ear ly D D T exposure has more subtle, l ong- t e rm effects o n the 

reproduct ion o f these birds that have heretofore gone unnot iced . Thus , the goals o f this study 

were to: 

1) De te rmine i f early D D T exposure had a detr imental effect o n the reproduct ive success o f 

Okanagan robins , as measured by egg l a y i n g , egg hatching, and c h i c k fledging, as w e l l as 

egg and ch i ck measurements. 

2 ) De te rmine i f ear ly D D T exposure affected reproduct ive behav iours (e.g., nest b u i l d i n g , 

ma t ing , c h i c k feeding, nest c leaning) i n O k a n a g a n robins . In add i t ion , aggressive (e.g., 

c h a r g i n g , chas ing , and f igh t ing) , v o c a l i z a t i o n (e.g., s i n g i n g , c h i r p i n g , l augh ing ) , and 

maintenance (e.g., eating, d r i nk ing , preening) behaviours were also examined . A g g r e s s i v e 
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and voca l i za t i on behaviours p lay an important role i n reproduct ion i n terms o f territory and 

mate acquis i t ion and defense (S i lve r et a l . , 1979). 

4.2. Methods 

4.2.1. E g g s and C h i c k s 

Ten-day o l d A m e r i c a n rob in nestlings were co l lec ted f rom nests i n the Okanagan V a l l e y 

and the L o w e r M a i n l a n d o f B r i t i s h C o l u m b i a . C h i c k s were m a r k e d w i t h numbered meta l leg 

bands and co lour plas t ic leg bands for i n d i v i d u a l ident i f ica t ion . E g g s were also co l l ec ted for 

contaminant analyses. See Chapter III for details o n eggs, nest l ings, hous ing , and contaminant 

analyses pro tocols . B i r d s were sexed by external m o r p h o l o g y and later c o n f i r m e d by D N A 

sexing by Bret t Vande rk i s t at S i m o n Fraser Un i v e r s i t y , Bu rn ab y , B r i t i s h C o l u m b i a (Grif f i ths et 

a l . , 1998). In 1998, 40 breeding pairs were established i n both indoor and outdoor pens, one pai r 

per pen at the U n i v e r s i t y o f B r i t i s h C o l u m b i a S a n R a f a e l research av ia ry (Sur rey , B r i t i s h 

C o l u m b i a ) . T h e b i rds were ove r -win t e r ed at M o n i k a ' s W i l d l i f e Shel ter (Sur rey , B r i t i s h 

C o l u m b i a ) , and i n 1999, 56 birds were brought back to San Rafae l and housed as breeding pairs 

i n the outdoor pens on ly . B o t h same type (Okanagan x Okanagan and L o w e r M a i n l a n d x L o w e r 

M a i n l a n d ) and different type (Okanagan x L o w e r M a i n l a n d and L o w e r M a i n l a n d x Okanagan) 

pairs were inc luded . A total o f 15 L o w e r M a i n l a n d x L o w e r M a i n l a n d (male x female) , 18 

L o w e r M a i n l a n d x Okanagan , 22 Okanagan x L o w e r M a i n l a n d , and 23 Okanagan x Okanagan 

pairs were studied. Care was taken to ensure that s ib l ings and close neighbors were not paired. 

Ind iv idua l s that d i ed or escaped were rep laced w i t h another b i r d o f the same type ( L o w e r 

M a i n l a n d or Okanagan) whenever possible . Thus , i n 1998, 46 females ( L o w e r M a i n l a n d = 22 , 

O k a n a g a n = 24) were in t roduced into the b reed ing pens, and i n 1999 32 females ( L o w e r 

M a i n l a n d = 1 5 , Okanagan = 1 7 ) were studied. 

4.2.2. Reproduc t ion 

4.2.2.1. Nesting Success 

The pairs were moni to red da i ly for evidence o f nest b u i l d i n g , egg l ay ing , egg hatching, 

and c h i c k f ledging f rom the end o f February unt i l September. The observer was b l i n d to the type 

and l eve l o f contaminat ion o f a l l b i rds . A s incuba t ion usua l ly begins after the last egg is l a i d 

( H o w e l l , 1942; K e m p e r , 1971, but see Sa l labanks & James, 1999; Wauer , 1999), incuba t ion 

pe r iod was def ined as the t ime between the l a y i n g o f the last egg and the ha tch ing o f the last 

ch i ck . The nes t l ing pe r iod encompassed the t ime between the first egg ha tching and the last 
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c h i c k fledging. Ha tch ing success refers to the number o f females w i t h eggs i n nests that hatched 

at least one ch i ck . F l e d g i n g success refers to the number o f females w i t h eggs i n nests that 

fledged at least one ch ick . C l u t c h size and number o f clutches l a i d were also noted. O n l y eggs 

that were i n the nests were i n c l u d e d i n c l u t c h s ize and number ca l cu la t ions , as females 

somet imes l a i d eggs outside o f the nest and eggs c o u l d be r e m o v e d f rom the nest b y the b i rds 

themselves and/or predators. 

4.2.2.2. Egg Measurements 

T h e first two eggs f rom each c lu tch were we ighed and measured after the second egg was 

l a id , us ing an electronic scale and cal ipers . A number o f abandoned eggs were also measured. 

E g g length refers to the distance f rom end-to-end, w h i l e egg w i d t h refers to the measurement at 

the widest part o f the egg. 

4.2.2.3. Chick Measurements 

Progeny were w e i g h e d and body measurements taken f ive - and ten-days post-hatch, 

u s i n g an e lectronic scale and cal ipers . Tarsus, w i n g , and m i d d l e toe lengths were measured as 

desc r ibed i n A l d r i c h and James (1991) (see Chapte r III). D N A sex ing o f the c h i c k s was 

conduc ted at the U n i v e r s i t y o f B r i t i s h C o l u m b i a (Fronteddu , 2001) u s ing a different set o f 

pr imers (Grif f i ths et a l . 1998) than the sex ing o f the adults. These n e w pr imers produced more 

consistent and observable results. 

4.2.2.4. Chick Mortality and Tissue Weights at Sacrifice 

A g e o f c h i c k death or disappearance as w e l l as cause o f death, w h e n k n o w n , were noted. 

A t the end o f the study (Augus t , 2000) , the birds were sacr i f iced by decapi ta t ion and tissues 

i m m e d i a t e l y d issec ted out and w e i g h e d . Tarsus , toe, and w i n g measurements were a lso 

recorded. Tissues col lec ted inc luded : heart, brain , k idneys , l ive r , spleen, t hy ro id glands, bursa, 

thymus , ov iduc t , and gonads. Tissue weights were adjusted for body we igh t by d i v i d i n g the 

tissue weight f rom the total body weight minus the tissue weight . 

4.2.3. T h y r o i d H o r m o n e s 

T e n pairs were b l e d every t w o weeks d u r i n g the 1999 b reed ing season (12 tes t ing 

periods, February to Ju ly ) . A l l b l o o d samples were co l l ec ted f rom the jugu la r v e i n us ing a 27 

gauge hepar in ized needle and 1 cc syr inge. A p p r o x i m a t e l y one m i l l i l i t r e o f w h o l e b l o o d was 

co l lec ted f rom each b i rd , centr ifuged at 3300 r p m for five minutes , and the p l a s m a separated 

f rom the b l o o d cel ls . To ta l p l a sma t r i iodothyronine and thyroxine concentrations were ana lyzed 
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by T r a c y M a r c h a n t at the U n i v e r s i t y o f Saska tchewan . A n a l y s e s were conduc ted u s ing 

unextracted serum and a r ad io immuno assay f o l l o w i n g protocols out l ined by C h o p r a (1972). 

4.2.4. Behav io ra l Observat ions 

A sub-sample o f twe lve pairs , encompass ing bo th same and different type pairs w i t h 

var ious degrees o f contaminat ion, were observed for thirty minutes a day (per pair) , three t imes a 

week, f rom early M a r c h unt i l early Augus t (1998 and 1999) to examine aggressive, reproductive, 

voca l i za t i on , and maintenance behaviors , throughout the breeding season. In 1998 s ix o f the 

observed pairs were i n the indoor pens and s ix i n the outdoor pie-shaped pens. A l l 12 observed 

pairs were i n the outdoor pie-shaped pens i n 1999. 

4.2.4.1. Reproductive and Parental Care Behaviors 
Reproduct ive behaviors ( H o w e l l , 1942; Sal labanks & James, 1999; Y o u n g , 1955; Wauer , 

1999) inc luded: 

co l lec t ing - b i rd p i cks up and carries nesting material (mud, hay, string, etc.) 

b u i l d i n g - b i r d engages i n characterist ic body movements i n the nest b o w l or o n nest p la t form, 

b i r d usual ly crouches l o w , w i t h w ings spread, and stamps and back-pedals feet to m o v e 

nest mater ia l around, movements may also be seen w h e n b i r d is o n perch or bathing i n 

water d ish , but these were not recorded 

m o u n t i n g - ma le mounts or attempts to moun t female or inanimate object , not k n o w n i f 

in t romiss ion and/or ejaculation achieved 

si t t ing - female sits o n nest incubat ing eggs or b rood ing ch i cks , female s leeping i n nest b o w l 

w h e n no ch icks or eggs present was not recorded 

feeding - b i r d carries food to nest and places i n ch i ck ' s mouth , m a y remove food f r o m one 

chick ' s mouth and place i n another 

c leaning - b i r d removes fecal sacs and other wastes f rom nest, m a y be carr ied away f rom nest 

and discarded or eaten 

'other' parental care - b i rd is active at nest but observer unable to d iscern behavior , m a y inc lude 

feeding o f ch icks , c leaning o f nest, and m o v i n g o f eggs or ch i cks 

parental care - a l l behav iors c on ce rn i n g eggs and/or c h i c k s i n the nest, i nc ludes feed ing , 

c leaning, sit t ing, and other behaviors. 

M o u n t i n g was recorded o n l y for males and si t t ing was recorded o n l y for females. A s 

males rarely engaged i n nest mater ia l co l l ec t ing and nest b u i l d i n g , o n l y the females' co l l ec t ing 

and b u i l d i n g were i n c l u d e d here. A l l the behav io rs except m o u n t i n g were r eco rded as 
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propor t ions (the number o f minutes , out o f 30 , i n w h i c h the behaviour was observed at least 

once). M o u n t i n g was recorded as frequency per 30-minute observat ion per iod . 

4.2.4.2. Aggressive Behaviors 

A g g r e s s i v e behaviors were per formed by both males and females, and were di rected 

towards the mates, neighbors, ch icks , or other birds that may land o n or near the pens. Instances 

o f b i t i n g and f igh t ing were rare and so were not i n c l u d e d i n the analyses. A l l aggress ive 

behaviors were recorded as frequencies. The behaviors are defined ( H o w e l l , 1942; Sal labanks & 

James, 1999; Y o u n g , 1955; Wauer , 1999) as: 

charging - b i rd rushes towards a conspecif ic , may be flying or running 

chasing - one b i rd chases its mate, may be running or flying 

snapping - sound made by q u i c k l y b r ing ing mandibles together, considered a threat d isplay 

gaping - b i rd holds its mou th open w h i l e facing other b i rd , m a y be considered a threat d isplay, or 

signify intention to bite 

overa l l aggression - frequency o f a l l aggressive behaviors performed by a b i rd , sum o f charg ing , 

chasing, snapping, and gaping 

4.2.4.3. Vocalizations 

Voca l i za t ions were defined ( H o w e l l , 1942; Sal labanks & James, 1999; Wauer , 1999) as: 

ch i rp ing - usual ly on ly one note, s ignif icance not k n o w n , used i n a variety o f contexts 

c h u k k i n g - series o f notes s imi l a r to " c l u c k i n g " o f ch ickens , also descr ibed as "cuck" , often 

s lower and softer vers ion o f laughing, s ignif icance not k n o w n 

laughing - series o f often l o u d and fast notes; descr ibed as "ha-ha-hi-hi-hi-ha-ha", often used 

f o l l o w i n g aggressive behavior but may be used i n other contexts, has been descr ibed as 

be ing associated w i t h sociabi l i ty and a sense o f w e l l be ing 

s inging - characteristic song or parts thereof, often described as "cheeri ly-cheer up", m a y be used 

for mate attraction and/or territorial d isplay 

s inging propor t ion - the propor t ion o f minutes dur ing the observat ion that the birds engaged i n at 

least one s inging bout, out o f 30 minutes 

'other' voca l i za t ions - any other voca l iza t ions that do not fit into the previous categories, m a y 

i n c l u d e s o n g - l i k e v o c a l i z a t i o n s pe r fo rmed b y females and c o m b i n a t i o n s o f other 

categories o f vocal iza t ions 

overa l l vocal izat ions - sum o f ch i rp ing , chukk ing , laughing, and 'other' vocal iza t ions 
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V o c a l i z a t i o n s , other than s ing ing propor t ion, were recorded as frequencies. B o t h males 

and females engaged i n ch i rp ing , c h u k k i n g , l aughing , and other voca l iza t ions . A l t h o u g h some 

females were wi tnessed s ing ing , it was re la t ive ly rare, so s ing ing and s ing ing propor t ion were 

on ly recorded for males. 

4.2.4.4. Maintenance Behaviors 

Main tenance behaviors i nc luded those act ivi t ies related to da i l y routines and were not 

d i rec t ly associated w i t h reproduct ion or aggression. B o t h males and females per formed a l l o f 

these behaviors . W i t h the excep t ion o f eating, d r i n k i n g , and f l y i n g , w h i c h were recorded as 

frequencies, these behaviors were recorded as propor t ions . These behaviors were def ined 

(Sal labanks & James, 1999; Wauer , 1999) as: 

bathing - b i rd sits or stands i n water d i sh and proceeds to dunk and splash to m o v e water over its 

feathers 

p e c k i n g - b i r d pecks at var ious objects i n the pen (weeds, cedar branches, insects, etc.), b i r d m a y 

be eating things it pecks at 

preening - b i rd uses b i l l to c lean and smooth feathers 

eating - b i r d p i c k s up and swa l lows cat food or m e a l w o r m f r o m feeder or other dishes 

d r ink ing - b i rd dr inks f rom water or m u d d ish 

f l y ing - b i rd flies f rom one pos i t ion (perch, feeder, ground, etc.) to another 

f l y i n g propor t ion- the propor t ion o f t ime spent f l y i n g , out o f 30 minutes 

4.2.5. Statistics 

A l l statist ical analyses were conducted us ing J M P ve r s ion 3.2.1 ( S A S Institute, C a r y , 

N o r t h C a r o l i n a ) software. P values less than or equal to 0.05 were cons idered s igni f icant . 

V a l u e s presented represent means + standard errors, and ranges. D a t a were c o m m o n l o g 

transformed to increase normal i ty where necessary. F o u r females were studied i n both breeding 

seasons, but as they were mated w i t h different males and housed i n different pens i n the two 

years, they were treated as different samples. Out l i e r s were de termined us ing M a h a l a n o b i s 

outl ier tests. N o m i n a l logis t ic ( / 2 ) tests were used to determine differences i n whether or not a 

female bu i l t a nest, l a i d eggs, hatched ch icks , f ledged ch icks , incubated eggs, or dumped eggs. 

N e s t l i n g per iods , incuba t ion periods, number o f eggs per c lu tch , and number o f clutches were 

tested us ing standard least squares analyses o f var iance ( A N O V A ) . A n a l y s e s were conducted 

us ing the mode l : 

Yijkim = u. + Mk + Fi + ( M F ) U + 
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The dependent var iable be ing measured is represented by Y , M is male type ( L o w e r M a i n l a n d 

vs . Okanagan) , F is female type ( L o w e r M a i n l a n d vs . Okanagan) , M F is the two-way interaction 

between male type and female type, and E is the error te rm. N o n - s i g n i f i c a n t var iables were 

r emoved f rom the m o d e l and the data were re-analyzed. The number o f eggs l a i d per female, 

egg weights and measurements, the numbers o f ch icks hatched and f ledged, c h i c k weights and 

measurements, and c h i c k sex ratios were also ana lyzed us ing the same standard least squares 

A N O V A . M e a n s per female per year were used to analyze egg and c h i c k measurements i n order 

to a v o i d pseudo-repl ica t ion. Female type and age at c h i c k death were ana lyzed us ing / 2 tests. 

Pa i r -wise correlations were conducted to determine the effects o f the Okanagan mothers ' in ovo 

p , p ' - D D T , o , p ' - D D T , p , p ' - D D D , o , p ' - D D D , p , p ' - D D E , and o , p ' - D D E (see Chap te r III and 

A p p e n d i x I for egg contaminant l eve l s ) exposure o n the m o r p h o l o g i c a l and p h y s i o l o g i c a l 

measurements o f their eggs and ch icks . Contaminan t non-detects and zeros were replaced by 

0.00005 (ha l f the detect ion l im i t ) for the correlat ions. A g e and cause o f death, as w e l l as the 

presence o f bruises and wounds were ana lyzed us ing n o m i n a l logis t ics . B o d y measurements and 

tissue weights at t ime o f sacrif ice were also ana lyzed us ing the same A N O V A m o d e l as above. 

Here data for i nd iv idua l birds were used, as at the t ime o f sacrifice a l l o f the birds hatched at San 

Rafae l had been f u l l - g r o w n and independent for at least a year. Dif ferences be tween L o w e r 

M a i n l a n d and Okanagan bi rds i n thy ro id hormone levels were ana lyzed us ing one-way A N O V A s 

and log-transformed data, as were sex differences. 

B e h a v i o r data were c o m m o n l o g t ransformed to increase n o r m a l i t y and differences 

between L o w e r M a i n l a n d and Okanagan birds were ana lyzed us ing one-way A N O V A s . Pa i r -

wi se correlat ions were conducted to determine the effects o f in ovo p , p ' - D D T , p , p ' - D D D , p,p '-

D D E , o , p ' - D D T , o , p ' - D D D , and o , p ' - D D E (Chapter III and A p p e n d i x I) exposure o n the 

behaviors o f Okanagan birds. The untransformed data were used for the correlations. A l t h o u g h 

not the focus o f this study, other factors were also invest igated. The effects o f year (1998 vs . 

1999), sex (male vs. female), pen type ( indoor vs . outdoor), and mate type (same vs. different) o n 

behaviour were analyzed us ing one-way A N O V A s . 

4.3. Results 

4.3.1. E g g Contaminants 

See Chapter III for details o n the differences between L o w e r M a i n l a n d and Okanagan 

eggs i n terms o f contaminant levels . 
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4.3.2. Reproduc t ion 

4.3.2.1. Nesting Success 
In 1998, the first egg was l a i d on A p r i l 7, and the last c h i c k was f ledged o n Ju ly 24, thus 

def in ing the nesting per iod. In 1999 the nesting pe r iod was f rom A p r i l 10 to A u g u s t 5. U s u a l l y 

one egg was l a i d per day du r ing the l a y i n g pe r iod , howeve r several females sk ipped a day 

between eggs i n a c lu tch , and occas iona l ly more than one day w o u l d be sk ipped ( Y o u n g , 1955). 

Incubat ion periods ranged from 8 to 14 days (median =13 days). C h i c k s w i t h i n a b rood took 1 

to 3 days to hatch. N e s t l i n g per iods ranged f rom 13 to 17 days (median =15 days) , w i t h a l l 

ch i cks l eav ing the nest w i t h i n a day or t w o o f each other and usua l ly o n the same day. Ne i the r 

incuba t ion pe r iod nor nest l ing pe r iod was s igni f icant ly inf luenced by the male type or female 

type. 

O v e r a l l , 21 o f 67 (31.3%) pairs nested dur ing the two-year study. Thir ty-three (49.3%) 

pairs l a i d at least one egg, 15 (22.4%) hatched at least one egg, and 11 (16.4%) f ledged one or 

more ch icks . Table 4-1 illustrates the numbers o f L o w e r M a i n l a n d and Okanagan females that 

successful ly nested, l a i d eggs, hatched eggs, and f ledged y o u n g . Okanagan females were no 

more or less l i k e l y to b u i l d a nest, lay eggs, hatch ch icks , or f ledge ch i cks than L o w e r M a i n l a n d 

females. L o w e r M a i n l a n d males , however , f ledged propor t iona l ly more ch icks than Okanagan 

males ( / 2 = 4.9, p = 0.03). In total, 19 L o w e r M a i n l a n d females l a i d 150 eggs and 14 Okanagan 

females l a id 62 eggs. O f the females that l a id eggs, L o w e r M a i n l a n d females l a i d s igni f icant ly 

(Fi,3i = 5.1, p = 0.03) more eggs (7.9 ± 1.1) than their O k a n a g a n (4.4 + 0.8) counterparts. 

H o w e v e r , one L o w e r M a i n l a n d female l a i d 16 eggs i n both years and r emova l o f this b i rd f rom 

the analyses resul ted i n non-s ign i f icance . O f the eggs l a i d by L o w e r M a i n l a n d females, 53 

(35.3%) hatched, 53 (35.3%) broke, 19 (12.7%) were m i s s i n g or their fate was u n k n o w n , and 25 

(16.7%) were unhatched. Okanagan females had 28 (45.2%) eggs that hatched, 24 (38.7%) 

broke , 5 (8.1%) had u n k n o w n fates, and 5 (8.1%) were unhatched. Seven o f the 11 (63.6%) 

L o w e r M a i n l a n d females w i t h nests produced at least one f ledgl ing , whereas 4/10 (40.0%) o f the 

Okanagan females w i t h nests were successful. O f the 20 females that l a i d eggs i n a nest, n ine 

(45.0%o) l a id one c lu tch , f ive (25.0%) l a i d t w o clutches, three (15.0%) l a i d three clutches, and 

three (15.0%) l a i d four clutches. There were no signif icant male type effects o n the number o f 

clutches l a i d b y a female, nor o n the number o f eggs l a i d per c lu tch . L o w e r M a i n l a n d females 

l a i d s ignif icant ly (Fj^s = 4.3, p = 0.05) more clutches (2.3 ± 0.3) than Okanagan females (1.6 + 

0.2). H o w e v e r , the remova l o f one h igh ly product ive female from the analysis rendered the 
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Table 4-1: Numbers of Lower Mainland and Okanagan American robin females nesting, 
laying eggs, hatching eggs, and fledging young in 1998 and 1999. 

Nested Laid Hatched Fledged 

1998: 

Lower 
Mainland 

5/19 
26 .4% 

11/19 
57 .9% 

3/5 
6 0 . 0 % 

2/5 
4 0 . 0 % 

Okanagan 6/19 
31 .4% 

9/19 
47 .4% 

4/6 
66 .7% 

1/6 
16.7% 

1999: 

Lower 
Mainland 

6/15 
4 0 . 0 % 

8/15 
53 .3% 

5/5 
100% 

5/5 
100% 

Okanagan 4/14 
28 .6% 

5/14 
35 .7% 

3/4 
75 .0% 

3/4 
75 .0% 

Total: 

Lower 
Mainland 

11/34 
32 .4% 

19/34 
55 .9% 

8/11 
72 .7% 

7/11 
63 .6% 

Okanagan 10/33 
3 0 . 3 % 

14/33 
42 .4% 

7/10 
7 0 . 0 % 

4/10 
4 0 . 0 % 
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result non-significant . For ty clutches were l a i d i n total by these b i rds : 12 (30.0%) were o f three 

eggs, 27 (67.5%>) were o f four eggs, and one (2.5%) was o f f ive eggs. There were no differences 

between L o w e r M a i n l a n d and Okanagan females i n the number o f eggs l a i d per c lu tch . Clu tches 

were not determined w h e n eggs were found outside o f a nest. These eggs m a y have been l a i d 

outside o f the nest or r emoved from the nest by the birds or predators. 

O v e r the t w o seasons, 81 ch i cks were hatched by 15 females (Okanagan = 7, L o w e r 

M a i n l a n d = 8). L o w e r M a i n l a n d females that l a i d eggs hatched a mean o f 2.7 + 0.9 ch icks , and 

f ledged 0.9 + 0.3 o f them. Okanagan females hatched a mean o f 2.1 + 0 . 7 ch icks and f ledged a 

mean o f 0.9 + 0.4 ch icks . These differences were not statistically significant. 

4.3.2.2. Egg Measurements 

W e i g h t s and measurements were obta ined for 102 eggs, l a i d by 14 L o w e r M a i n l a n d 

females and 11 Okanagan females. E g g s l a i d by L o w e r M a i n l a n d females averaged 7.0 g (+ 

0.07, range = 5.5 - 8.5 g) i n weight , 28.8 m m (+ 0.2 m m , range = 25.1 - 33.5 m m ) i n length, and 

21.2 m m (+ 0.2 m m , range = 19.1 - 30.2 m m ) i n wid th . Eggs from Okanagan females averaged 

6.5 g (± 0.08, range = 5.8 - 7.3 g) i n weight , 28.96 ( ± 0.2, range = 27.1 - 30.9 m m ) i n length, 

and 20.3 m m (± 0 .1 , range = 19.1 - 21.5 m m ) i n w i d t h . L o w e r M a i n l a n d females l a i d 

s ign i f ican t ly heavier ( F 1 2 3 = 7.6, p = 0.01) and w i d e r (Fi,23 = 12.1 , p = 0.002) eggs than 

Okanagan females. E g g weight , length, and w i d t h were not s igni f icant ly in f luenced by male 

type nor were there s ignif icant male by female interactions. M e a n egg we igh t was pos i t i ve ly 

correlated w i t h the Okanagan females' in ovo p , p ' - D D T (r = 0.7, n = 9, p = 0.03; F igu re 4-1) 

exposure, egg length was pos i t ive ly correlated w i t h p , p ' - D D D (r = 0.7, n = 9, p = 0.03), and p,p '-

D D E (r = 0.9, n = 9, p = 0.0009) levels . , and egg w i d t h was pos i t ive ly correlated w i t h p , p ' - D D T 

(r = 0.7, n = 9, p = 0.04) and o , p ' - D D T (r = 0.8, n = 9, p = 0.02) burdens. 

4.3.2.3. Chick Measurements 

Weights and morphometr ic measurements were obtained for the offspring o f eight L o w e r 

M a i n l a n d and s ix Okanagan females. F i f ty-e ight c h i c k s were measured at f ive days o f age and 

40 ch icks at ten days o f age. The means (+ se) and ranges are summar ized i n Table 4-2. 
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Table 4-2: Means (+ se) and ranges of body weights and tarsus, wing, and toe lengths of 
the offspring of Lower Mainland and Okanagan American robin females when five 
and ten days old. 

Lower Mainland Okanagan 

n = 37 n = 19 
5 day weight (g) 23.5 ( ± 1 . 3 ) 28.3 ( ± 1 . 9 ) 

1 0 . 0 - 3 7 . 3 1 4 . 2 - 3 9 . 1 

n = 39 n= 19 
5 day tarsus (mm) * 20.7 ( ± 0.7) 23.3 ( ± 0 . 9 ) 

1 2 . 0 - 3 5 . 0 1 6 . 0 - 3 0 . 0 

n = 39 n = 19 
5 day wing (mm) * 21.3 ( ± 0 . 1 ) 25.2 ( ± 0 . 2 ) 

1 1 . 0 - 3 2 . 0 1 2 . 0 - 3 8 . 0 

n = 39 n=19 
5 day toe (mm) 15.3 ( ± 0 . 0 5 ) 15.5 ( ± 0 . 0 6 ) 

9.0 - 22.0 1 0 . 0 - 1 9 . 0 

n = 23 n = 16 
10 day weight (g) 48.2 (+2.4) 46.8 ( ± 3 . 4 ) 

25.6 - 69.0 1 4 . 9 - 6 1 . 7 

n = 24 n = 16 
10 day tarsus (mm) 33.9 ( ± 0 . 9 ) 33.9 ( ± 0 . 9 ) 

20.0 - 39.0 2 5 . 0 - 3 8 . 0 

n = 24 n = 16 
10 day wing (mm) 54.2 ( ± 0 . 2 ) 55.3 ( ± 0 . 3 ) 

27.0 - 68.0 30.0 - 73.0 

n = 24 n = 16 
10 day toe (mm) 19.8 ( ± 0 . 0 4 ) 19.2 ( ± 0 . 0 4 ) 

1 5 . 0 - 2 3 . 0 1 6 . 0 - 2 1 . 0 

*p < 0.05 
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Okanagan females had ch icks w i t h longer tarsus (Fi ; i2 = 5.9, p = 0.03) and w i n g (Fi,i2 = 5.6, p = 

0.04) measurements at five days o f age than those o f L o w e r M a i n l a n d females. Parent type d i d 

not s ignif icant ly influence the ch icks ' ten-day measurements. 

Sex was determined for 69 o f the 81 ch i cks hatched. In total, L o w e r M a i n l a n d females 

hatched 21 (44.7%) ma le c h i c k s and 26 (55.3%) female c h i c k s . O k a n a g a n females had 14 
(63.6%) male ch icks and 8 (36.4%) female ch icks . The ratio o f male to female ch icks was not 

s ignif icant ly inf luenced by parent type. 

4.3.2.4. Chick Mortality and Tissue Weights at Sacrifice 

A l l eight o f the L o w e r M a i n l a n d females that hatched ch icks had at least one c h i c k die or 

disappear w i t h i n the first t w o weeks post-hatch, whereas o n l y four o f the seven O k a n a g a n 

females (57.1%) had ch icks die or disappear dur ing this nes t l ing stage. Th i r ty - seven (71.2%) 
ch i cks hatched to L o w e r M a i n l a n d females d i ed dur ing the nes t l ing stage, 2 (3.9%) du r ing the 

f ledging stage, 1 (1.9%) dur ing the juven i le stage, and 12 (23.1%) as adults ( inc lud ing the 11 that 

were sacr i f iced at the end o f the s tudy). O k a n a g a n females had 15 (51.7%) c h i c k s d ie as 

nestl ings, 4 (13.8%) as fledglings, 1 (3.5%) as a j uven i l e , and 9 (31.0%) as adults (sacr i f iced at 

the end o f the study). Chi-square tests revealed that female type inf luenced the number o f ch icks 

d y i n g dur ing the nes t l ing stage, w i t h more L o w e r M a i n l a n d females h a v i n g ch i cks die at this 

early age than Okanagan females (x2 = 5.5, p = 0.02). Cause o f death was u n k n o w n for most o f 

the ch icks , and therefore, was not statist ically analyzed. The ch icks that su rv ived to the end o f 

the study i n Augus t , 2000 were sacrif iced. C h i c k s that disappeared were presumed depredated, 

most l i k e l y b y rats. A L o w e r M a i n l a n d male was wi tnessed shak ing and b i t i n g two o f h i s 

offspring. S i x ch icks were d i scovered c o l d i n their nests, suggesting abandonment, but it is not 

k n o w n i f they were abandoned pr io r to or after death. O f those ch icks for w h i c h cause o f death 

was not determined, 12 had w o u n d s and/or b ru i s ing , but i t i s not k n o w n i f these were incur red 

pr io r to or after death or h o w they were inf l ic ted . Fema le type d i d not s ign i f ican t ly inf luence 

whether or not a ch ick demonstrated bruises or wounds . 

O f the 20 ch icks that were sacrif iced at the end o f the study, tissue weights were avai lable 

for 18 o f them, s ix f rom L o w e r M a i n l a n d x L o w e r M a i n l a n d pairs, seven f rom L o w e r M a i n l a n d 

x Okanagan pairs , three f rom Okanagan x L o w e r M a i n l a n d pairs , and t w o f rom Okanagan x 

Okanagan pairs (male x female). The offspring o f Okanagan males had heavier hearts (0.013 + 
0.0006 g) than those fathered by L o w e r M a i n l a n d (0.012 ± 0.0003 g) males ( F U 6 = 4.6, p = 

0.05), a l though the r e m o v a l o f an out l ie r cancels this effect. S ign i f i can t ma le b y female 
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interactions were found for body weight (F];i6 = 6.3, p = 0.02) and bra in weight (Fjj6 ~ 10.3, p = 

0.006). Parents o f the same type ( L o w e r M a i n l a n d x L o w e r M a i n l a n d , 82.9 + 2.8 g; Okanagan x 

Okanagan , 85.7 + 4.2 g) h a d y o u n g w i t h h ighe r b o d y we igh t s at sacr i f ice than parents o f 

different types (Okanagan x L o w e r M a i n l a n d , 75.5 + 0.8 g; L o w e r M a i n l a n d x Okanagan, 79.0 ± 

1.1 g). Parents o f different types, however , had y o u n g w i t h heavier brains than parents o f the 

same type (Figure 4-2). A significant male by female interaction affected k idney (Fij6= 6.1, p = 

0.03) and l ive r (Fi (i6 = 9.1, p = 0.009) weights (Figure 4-2). The offspr ing o f Okanagan parents 

had heavier k idneys and l ivers . The remova l o f an outl ier l ed to non-s ignif icant effects o n l i ve r 

weight . Care must be taken w h e n interpreting these results, as the sample size is quite sma l l and 

inc ludes s ib l ings . T h e t w o O k a n a g a n x O k a n a g a n b i rds , for example , c o m e f r o m the same 

brood. Sex was also conf i rmed at this t ime. 

4.3.3. T h y r o i d H o r m o n e L e v e l s i n Breed ing B i r d s 

There were no signif icant differences between the L o w e r M a i n l a n d and Okanagan birds 

i n p lasma t r i iodothyronine or thyroxine levels at any o f the ages tested. Tr i iodo thyron ine levels 

i n the Okanagan birds , however , were negat ive ly correlated w i t h p , p ' - D D T o n J u l y 20 , 1999 

(per iod 12) (r = - 0.8, n = 8, p = 0.01). T h y r o x i n e levels were pos i t ive ly correlated w i t h both 

o , p ' - D D T (r = 0.7, n = 8, p = 0.05) and o , p ' - D D D (r - 0.7, n = 8, p = 0.05) o n M a r c h 30 , 1999 

(period 4) , but negatively correlated w i t h p , p ' - D D T (r = - 0.9, n = 8, p = 0.003) o n A p r i l 27 , 1999 

(per iod 6). There were signif icant t ime effects for t r i iodothyronine ( F i 1,208 = 33.0, p < 0 .0001; 

F igure 4-3) and thyroxine (Fu,2i9 = 8.1, p < 0 .0001; F igu re 4-3) . M a l e s had higher thyrox ine 

levels than females dur ing testing periods 1 ( F 1 J 7 = 52.2, p < 0.0001), 7 ( F i j 8 = 10.5, p = 0.005), 

8 (F1.17 = 9.6, p - 0.007), 9 ( F U 7 = 8.1, p = 0.01), 10 ( F U 7 = 17.8, p = 0.0006), and 11 ( F u 8 = 

17.3, p = 0.0006). Females had higher t r i iodothyronine levels than males dur ing periods 1 ( F i ; n 

= 60.5, p < 0.0001) and 9 ( F U 7 = 8.8, p = 0.009). 

4.3.4. Behav io r 

There were f e w b e h a v i o r a l differences be tween L o w e r M a i n l a n d and O k a n a g a n b i rds 

(Table 4-3). Okanagan birds drank ( F i ^ = 6.9, p = 0.01) more frequently than L o w e r M a i n l a n d 

birds, and L o w e r M a i n l a n d birds engaged i n more 'other ' parental care behaviors than Okanagan 

birds (F1.10 = 5.3, p = 0.04). T h i s latter difference, however , can be attributed p r i m a r i l y to one 

b i r d . Same type pairs ( O k a n a g a n x O k a n a g a n and L o w e r M a i n l a n d x L o w e r M a i n l a n d ) 

exhibi ted preening behaviours s ignif icantly (Fi ;48 = 4 .1 , p = 0.05) more frequently (0.2 + 0.01) 
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than different type (Okanagan x L o w e r M a i n l a n d , L o w e r M a i n l a n d x Okanagan) pairs (0.2 + 

0.02). Different type pairs , o n the other hand, exh ib i ted c h u k k i n g voca l iza t ions more ( F i ^ s = 

3.9, p = 0.05) frequently (3.0 + 0.7) than same type pairs (1.8 + 0.3). A number o f behaviors 

were s ignif icant ly correlated w i t h the birds ' in ovo D D T exposures; these are l isted i n Table 4-4. 

Corre la t ions that became non-signif icant w h e n outliers were r emoved are indicated. Signi f icant 

differences between years, pen types, and the sexes are out l ined i n Tables 4-5, 4-6, and 4-7. 

4.4. Discussion 

A l t h o u g h A m e r i c a n robins were once raised as pets ( H o w e l l , 1942), this study is l i k e l y the 

first report o f large-scale successful breeding o f these birds i n capt iv i ty , demonstrat ing that the 

A m e r i c a n rob in can be u t i l i zed as a mode l for t ox i co logy studies. Or tega et a l . , (1997) reported 

that even i n the w i l d , A m e r i c a n rob ins are ve ry tolerant o f research ac t iv i t ies and ra re ly 

abandoned their nests after a h u m a n disturbance. The onset o f breeding , and the t i m i n g for 

incuba t ion and nes t l ing per iods for the robins i n this study were s i m i l a r to those reported by 

other authors ( C a m p b e l l et a l . , 1997; C a n n i n g s et a l . , 1987; H o w e l l , 1942; K e m p e r , 1971; 

Wauer , 1999; Y o u n g , 1955) for w i l d robins , and there were no major differences between the 

L o w e r M a i n l a n d and Okanagan birds . The ove ra l l success rates o f the capt ive robins i n this 

study ( L o w e r M a i n l a n d 63 .6%, Okanagan 40.0%) were l ower than those reported for f ree- l iv ing 

w i l d birds (Cannings et a l . , 1987; E l l i o t t et a l . , 1994; G i l l et a l . , 2003) . H o w e v e r , the birds i n 

this study were first t ime breeders i n 1998 and their performance was expected to be substandard 

( E m l e n , 1984; L a w t o n & G u i d o n , 1981). In 1999, w h e n the birds went through their second 

breeding season, hatching and fledging rates ( L o w e r M a i n l a n d 100%, Okanagan 75 .0%) were 

greatly i m p r o v e d and were comparable to the performance o f w i l d bi rds . C h i c k feeding, nest 

c leaning, and overa l l parental care were performed signif icant ly more i n 1999 than i n 1998. 
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Table 4-3: Means (+ se) and ranges of behaviors performed by Lower Mainland and 
Okanagan robins. 

Lower Mainland 
n = 26 

Okanagan 
n = 24 

Total parental care 
0.07 ( ± 0.04) 

0 - 0 . 8 

0.01 ( ± 0.02) 

0 - 0 . 4 

Collect (nest material) 
(proportion) 

0.03 ( ± 0.006) 

0 - 0 . 1 

0.04 ( ± 0 . 0 1 ) 

0 - 0 . 3 

Building (nest) 
(proportion) 

0.03 ( ± 0.007) 

0 - 0 . 1 

0.04 ( ± 0.01) 

0 - 0 . 3 

Mounting (frequency) 
0.03 ( ± 0 . 0 1 ) 

0 - 0 . 3 

0.1 ( ± 0 . 0 6 ) 

0 - 1 . 4 

Sitting (on nest) 
(proportion) 

0.08 ( ± 0.03) 

0 - 0 . 5 

0.02 ( ± 0 . 0 1 ) 

0 - 0 . 3 

Feeding (chicks) 
(proportion) 

0.06 ( ± 0.04) 

0 - 0 . 8 

0.02 ( ± 0.02) 

0 - 0 . 4 

Cleaning (nest) 
(proportion) 

0.002 ( ± 0.0008) 

0 - 0.02 

0.001 ( ± 0 . 0 0 0 7 ) 

0 - 0.02 

Other parental care * 
(proportion) 

0.02 ( ± 0.004) 

0 - 0.07 

0.001 ( ± 0 . 0 0 1 ) 

0 - 0.03 

Aggression (frequency) 
3.0 ( ± 0 . 5 ) 

0 . 6 - 1 0 . 5 

2.9 ( ± 0.5) 

0 . 3 - 7 . 1 

Charging (frequency) 
1.9 ( ± 0 . 3 6 ) 

0 . 2 - 9 . 0 

2.2 ( ± 0.4) 

0 . 0 6 - 6 . 3 

Chasing (frequency) 
0.3 ( ± 0 . 1 ) 

0 - 3 . 2 

0.3 ( ± 0.08) 

0 - 1 . 2 

Snapping (frequency) 
0.3 ( ± 0 . 1 ) 

0 - 2 . 2 

0.2 ( ± 0.04) 

0 - 0 . 8 

Gaping (frequency) 
0.5 ( ± 0.1) 

0 - 3 . 4 

0.3 ( ± 0.04) 

0 - 0 . 7 

Overall vocalizations 
(frequency) 

10.8 ( ± 1 . 5 ) 

2 . 7 - 3 5 . 1 

8.9 ( ± 1 . 3 ) 

1 . 3 - 2 3 . 4 

Chirping (frequency) 
4.5 ( ± 0.8) 

0 . 6 - 1 7 . 2 

3.1 ( ± 0 . 5 ) 

0 . 4 - 9 . 9 

Chukking (frequency) 
2.7 ( ± 0.5) 

0 . 2 - 1 0 . 6 

2.0 ( ± 0.6) 

0 . 3 - 1 3 . 5 

Laughing (frequency) 
2.4 ( ± 0 . 5 ) 

0 . 0 2 - 9 . 5 

2.6 ( ± 0.5) 

0 . 0 5 - 1 0 . 9 



Singing (frequency) 
11.4 ( ± 3 . 2 ) 

0 - 5 9 . 0 

20.7 ( ± 6 . 1 ) 

0 - 1 0 8 . 8 

Singing (proportion) 
0.1 ( ± 0 . 0 2 ) 

0 - 0 . 3 

0.1 ( ± 0 . 0 3 ) 

0 - 0 . 5 

Other vocalizations 
1.2 ( ± 0 . 2 ) 

0 . 3 - 4 . 9 

1.3 ( ± 0 . 3 ) 

0 . 1 - 8 . 6 

Eating (frequency) 
3.0 ( ± 0 . 2 ) 

1 . 3 - 6 . 3 

3.6 ( ± 0 . 3 ) 

1 . 5 - 6 . 7 

Drinking (frequency) * 
3.2 ( ± 0 . 2 ) 

2 . 1 - 5 . 8 

4.0 ( ± 0.2) 

2 . 5 - 6 . 1 

Bathing (proportion) 
0.004 ( ± 0.0007) 

0 - 0 . 0 1 

0.005 ( ± 0 . 0 0 1 ) 

0 - 0.02 

Preening (proportion) 
0.2 ( ± 0 . 0 1 ) 

0 . 0 9 - 0 . 4 

0.2 ( ± 0.02) 

0 . 0 8 - 0 . 4 

Pecking (proportion) 
0.2 ( ± 0 . 0 1 ) 

0 . 1 - 0 . 4 

0.2 ( ± 0 . 0 1 ) 

0 . 1 - 0 . 4 

Flying (frequency) 
50.4 ( ± 5.9) 

1 7 . 5 - 1 6 6 . 1 

44.4 (+ 4.8) 

2 . 4 - 8 5 . 6 

Flying (proportion) 
0.5 ( ± 0.02) 

0 . 3 - 0 . 7 

0.4 ( ± 0.03) 

0 . 2 - 0 . 7 

*p < 0.05 
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Table 4-4: Significant correlations between behavior and egg DDT levels in Okanagan 
robins. 

Behavior8 Contaminant r 2 P 
Building (nest) P*P - D D E 0.25 0.03" 

Collecting (nest material) - D D T 0.25 0 .04" 

P»P - D D E 0.25 0.02 b 

Snapping P>P - D D E 0.49 0.002 

Overall vocalizations P»P' - D D D 0.25 0.03 

Laughing P»P' - D D T - 0 . 2 6 0.02 

Other vocalizations P»P' - D D E 0.64 0 . 0 0 0 2 b 

o,p' - D D T 0.25 0.04 

o,p' - D D D 0.36 0.004 

o,p' - D D E 0.49 0.002 

Eating P»P' - D D E 0.25 0.03 

Flying (frequency) P,P' - D D T 0.36 0.01 

P»P' - D D E 0.25 0.05 

fly (proportion) P,P' - D D D 0.25 0 . 0 4 b 

P>P' - D D E 0.49 0.002 

P»P' - D D T 0.25 0.02 

Sample size = 18 birds; r emova l o f outliers renders correlat ion non-signif icant 
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Table 4 - 5 : Significant effects of sex on behaviour in Lower Mainland and Okanagan 
robins. 

Behavior 
Female 

Mean + se 

Male 
Mean + se 

F P 

charging 1.51 (0.40) 2.57 (0.35) 9.3 0.004 

chasing 0.084 (0.022) 0.51 (0.13) 25.5 < 0.0001 

aggression 2.08 (0.44) 3.85 (0.46) 13.5 0.0006 

laugh 1.34 (0.29) 3.65 (0.55) 12.4 0.0009 

overa l l vocal iza t ions 7 .97(1 .18) 11.85 (1.53) 5.6 0.02 

preen 0 .18(0 .013) 0.21 (0.016) 4.2 0.05 

other parental care 0.011 (0.0038) 0.00039 (0.00022) 24.5 0.0006 

overa l l parental care 0.088 (0.044) 0.0045 (0.0020) 12.1 0.004 
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Table 4-6: Significant effects of year on behaviour in Lower Mainland and Okanagan 
robins. 

Behavior 
1998 

Mean + se 

1999 

Mean ± se 
F P 

snap 0.44 (0.11) 0.055 (0.012) 22.9 < 0.0001 

laugh 1.57 (0.11) 3.36 (0.45) 14.6 0.0004 

s ing 18 .39(5 .60) 13.55 (4.01) 5.6 0.02 

s ing (proportion) 0.13 (0.033) 0 .10(0 .024) 6.3 0.02 

eat 3.99 (0.27) 2.63 (0.19) 16.7 0.0002 

preen 0.23 (0.017) 0 .16(0 .0079) 17.4 0.0001 

peck 0.29 (0.013) 0.20 (0.0084) 32.3 < 0.0001 

fly (proportion) 0.50 (0.029) 0.41 (0.018) 4.6 0.04 

feed (chicks) 0.0029 (0.0012) 0.072 (0.040) 15.2 0.003 

clean (nest) 0.00078 (0.00037) 0.0021 (0.00097) 7.5 0.03 

overa l l parental care 0.012 (0.0046) 
0.0778 (0.043) 7.9 0.01 
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Table 4-7: Significant effects of pen-type on behaviour in Lower Mainland and Okanagan 
robins. 

Behavior 
Indoor 

Mean + se 

Outdoor 

Mean ± se 
F P 

snap 0.63 (0.19) 0.11 (0.024) 16.6 0.0002 

gape 0.87 (0.28) 0.24 (0.031) 11.2 0.002 

aggression 4.88 (0.88) 2.36 (0.29) 9.5 0.003 

laugh 0.94 (0.25) 2.99 (0.42) 8.7 0.005 

other vocal iza t ions 2.04 (0.69) 0.99 (0.11) 5.4 0.02 

eat 4.02 (0.36) 3.04 (0.21) 5.6 0.02 

preen 0.28 (0.025) 0 .17(0 .0065) 30.3 < 0.0001 

peck 0.32 (0.019) 0.22 (0.0083) 23.5 < 0.0001 

f ly (proportion) 0.55 (0.043) 0.42 (0.017) 8.0 0.007 
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W h i l e there is abundant l i terature o n the effects o f immed ia t e D D T exposure o n 

reproduct ion i n birds ( B lu s et a l . , 1997; B r y a n et a l . , 1989; C e c i l et a l . , 1971; C h a n g & Stokstad, 

1975; F o x & D o n a l d , 1980; F r y , 1995; G i s h & C h u r a , 1970; Jefferies, 1971, 1975; L i l l i e et a l . , 

1972), there is less k n o w n about the effects o f in ovo exposure or the long- term effects carr ied to 

the next generation. Gi lde r s l eeve et a l . (1985) found that in ovo exposure to die thyls t i lbes t rol 

caused Japanese quai l (Coturnix japonica) females to have s ignif icant ly reduced oviduc t weights 

and decreased egg product ion . The reproductive behaviors and soc ia l -dominance behaviors o f 

males were also marked ly attenuated. W i l l i a m s (1999) investigated parental and first-generation 

effects o f exogenous estrogens (17( j -es t radiol ) o n female r e p r o d u c t i o n i n zeb ra f inches 

(Taeniopygia guttata) and found that the mean egg mass o f daughters o f estradiol- t reated 

females was larger than that o f control offspring. There were no treatment effects o n offspr ing 

c lu tch size or l ay ing interval . B e r g et a l . (2001) also found in ovo exposure o f Japanese qua i l to 

e thyny les t r ad io l (a synthet ic estrogen) resul ted i n va r i ous o v i d u c t m a l f o r m a t i o n s . T h e y 

c o n c l u d e d that these o v i d u c t abnormal i t i e s c o u l d be used as b i o m a r k e r s o f xenoes t rogen 

exposure i n w i l d b i rd populat ions . The o,p' isomers o f D D T and its metaboli tes are k n o w n to 

b i n d d i rec t ly to estrogen receptors ( R o b i n s o n et a l . , 1984) and demonstrate es t rogen- l ike 

activit ies (Kupfer & Bulge r , 1980; G a i d o et a l . , 1997). M a l e C a l i f o r n i n i a gul l s exposed in ovo to 

2 m g / k g o , p ' - D D T had f e m i n i z e d gonads, w h i l e 5 m g / k g or h ighe r doses resul ted i n the 

development o f both left and r ight oviducts i n female gul l s (F ry & Toone , 1981). T h i s is s imi l a r 

to B e r g et a l . ' s (2001) f ind ing w i t h in ovo exposure o f q u a i l to e thynyles t radiol . In the robins , 

egg weight and size were correlated w i t h the in ovo D D T levels o f the mothers. These results 

support W i l l i a m s ' (1999) f indings that egg mass for daughters o f estradiol-treated zebra finches 

was larger than controls . H o w e v e r , the Okanagan robins here were not o n l y exposed in ovo to 

D D T , but they were l i k e l y the offspr ing o f birds that were also exposed to D D T in ovo. Despi te 

the pos i t ive correlat ions between egg size and in ovo D D T leve ls , the uncontaminated L o w e r 

M a i n l a n d females l a i d s ign i f i can t ly larger eggs and more eggs than the O k a n a g a n females. 

Genet ic differences between the two types o f females l i k e l y p l ayed a s ignif icant role i n egg size 

(Styrsky et a l . , 2002) , and there can be a great deal o f i n d i v i d u a l var ia t ion (Styrsky et a l . , 2002; 

W i l l i a m s , 1999). These factors may have confounded the effects o f D D T exposure. 

It was found that the post-breeding gonad weights o f Okanagan robins were negat ively 

correlated w i t h in ovo p , p ' - D D E levels w h i l e ov iduc t weight was pos i t i ve ly correlated w i t h in 

ovo o , p ' - D D T levels (see Chapter III). There was also more var ia t ion i n gonad weights i n birds 



100 

f rom l o w l eve l exposures compared to h igh l eve l exposures (see F igu re 3-6). T h e majori ty o f 

studies reported i n the literature measured gonad weights w h e n the birds were i n fu l l breeding 

condi t ion , however , K e m p e r (1971) found that male r o b i n testes w e i g h e d f rom 8.6 to 84.5 m g i n 

A u g u s t and September and that female ovaries ranged f rom 10.8 to 36.0 m g . M e a n testes weight 

i n this study was 24.7 m g (range 21.4 - 30.8 mg) for L o w e r M a i n l a n d males and 31.1 m g (16.1 -

49.5 mg) for Okanagan males, so they are s imi la r to the birds K e m p e r studied. O v a r y weights i n 

the L o w e r M a i n l a n d females ranged f rom 9.0 to 20.3 m g (mean 13.2 mg) and 7.7 to 22.8 m g 

(mean 12.2 mg) i n the Okanagan females. A g a i n , these values are w i t h i n the ranges found i n 

Kemper ' s birds dur ing the same t ime per iod . U n l i k e previous studies w i t h laboratory birds (e.g., 

ch ickens , qua i l , zebra finches) (F ry & Toone , 1981; Gi lde rs leeve et a l . , 1985; B e r g et a l . , 2001 ; 

W i l l i a m s , 1999), this study m a y be confounded by the effects o f the females ' o w n in ovo 

exposure and the in ovo exposure o f the previous generation. Further c o m p l i c a t i o n comes w i t h 

the fact that i n many laboratory studies, birds are exposed to a single c h e m i c a l or i somer w h i l e 

the robins were exposed to a combina t ion o f i somers . W h i l e this represents a more real is t ic 

situation, the interaction o f these isomers cannot be teased apart w i t h the g i v e n sample size. 

E v e n though the Okanagan females l a id smaller eggs than L o w e r M a i n l a n d females, their 

ch icks at 5 days o f age were s ignif icant ly larger (as indicated by tarsus and w i n g length). T h i s is 

interesting as hatch we igh t and egg weigh t shou ld be h i g h l y correlated (S tyrsky et a l . , 2002) . 

T h i s finding is consistent w i t h the f ind ing i n Chapter III that Okanagan ch icks at this early age 

were heavier than L o w e r M a i n l a n d c h i c k s o f the same age. H o w e v e r , s ince the O k a n a g a n 

females i n this study were paired w i t h both types o f males , the difference i n ch i ck size or weight 

cannot be attributed to genetics but to the parent ing ab i l i ty o f the females. T h i s hypothesis is 

further supported by the f ind ing that ch icks hatched by L o w e r M a i n l a n d females (regardless o f 

what type o f males they were pai red wi th) suffered s ignif icant ly higher mortal i ty at this age than 

ch icks hatched by Okanagan females. A g g r e y & C h e n g (1993) found that body weight i n p igeon 

(Columba livid) squabs were mos t ly affected by the parents ' parenting abi l i ty dur ing the first two 

weeks after hatching. T h e squabs ' o w n genetic potent ial to g r o w on ly expressed i t se l f after the 

first two weeks o f b rooding . In A m e r i c a n robins , the importance o f the females ' and the ma les ' 

parenting roles seem to be at different stages o f the rearing per iod . In the early stage, males were 

never observed b rood ing the ch icks , a l though they w o u l d occas iona l ly perch o n the edge o f the 

nest and stand guard w h i l e the female was away and both parents fed the ch i cks and r emoved 

fecal sacs. Af t e r f ledging , the ma le may take over care o f the y o u n g w h i l e the female begins to 

prepare for and lay the next c lu t ch o f eggs ( H o w e l l , 1942, Sa l labanks & James, 1999; Wauer , 
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1999). L o w e r M a i n l a n d males , regardless o f the type o f female they were pa i red w i t h , f ledged 

s ignif icant ly more (proport ional ly) ch icks than Okanagan males . It is interesting that the role o f 

the male is s t i l l important even w h e n food was p rov ided ad libitum and territories were set and 

they d i d not have to p h y s i c a l l y fight o f f intruders. Never theless , the co-ord ina t ion o f the male 

and female parents was an important factor i n affecting the c h i c k s ' g rowth . In this study, same 

type parents had heavier f ledgl ings than different type parents. O n e w o u l d expect that c h i c k s 

f r o m different type parents shou ld have an advantage because o f h y b r i d v igou r . Same type 

parents preened more than different type parents whereas different type parents v o c a l i z e d (chuk) 

more . A l t h o u g h the s igni f icance o f these two behaviors is not clear, the differences between 

parent types suggest that there may also be differences i n compatabi l i ty . T h i s , i n turn, suggests 

that there are differences between the L o w e r M a i n l a n d and Okanagan birds and that the robins 

can differentiate their o w n type f rom the other even w h e n raised together f rom an early age. L i k e 

the i r parents (see Chap te r III) , the f u l l - g r o w n r o b i n c h i c k s f r o m O k a n a g a n parents h a d 

s igni f icant ly heavier organs (standardized w i t h body weight ) than those f rom L o w e r M a i n l a n d 

parents. T h e Okanagan birds seem to be more compact compared to L o w e r M a i n l a n d birds. O u r 

f ind ings support the n o t i o n that the O k a n a g a n and L o w e r M a i n l a n d rob ins b e l o n g to t w o 

different sub-species ( A l d r i c h & James, 1991; Cannings , 1998). 

Immediate exposure to D D T has been shown to affect behaviours i n birds. In Japanese 

q u a i l , he r r ing gu l l s , r i n g doves , and mer l i n s , D D T exposure has been s h o w n to attenuate 

reproduct ive and aggressive behaviors and lead to reproduct ive fai lure ( F o x & D o n a l d , 1980; 

M a A r t h u r et a l . , 1983; F r y & Toone , 1981; F o x , 1997; B r y a n et a l . , 1989). In Bengalese finches 

and gray herons (Ardea cinerea), o n the other hand, D D T exposure l e d to heightened and 

misd i rec ted aggression (Jefferies, 1971; O h l e n d o r f et a l . , 1978) w h i c h also l ed to reproduct ive 

failure. In the robins , in ovo D D T levels were correlated w i t h several reproduct ive and related 

behaviours , but the results were compromised by the smal l sample size. A s noted, many o f the 

corre la t ions became non-s ign i f ican t w h e n out l iers were r e m o v e d f rom the analyses. These 

"outl iers" , however , were important observations. In most cases, they were ind iv idua l s exposed 

to the highest levels o f in ovo D D T contaminat ion, and they expressed exaggerated behaviour . 

Fema le O K 9 7 - 2 1 C 2 , for example , engaged i n abnormal ly h i g h levels o f nest mater ia l co l l ec t ing 

and nest b u i l d i n g but fa i led to complete a nest or lay any eggs. H e r mate, male O K 9 7 - 3 0 C 3 , 

another h i g h l y contamina ted out l ier , was observed m o u n t i n g his mate i n a b n o r m a l l y h i g h 

frequency. W h i l e it w o u l d be d i f f icul t to d raw conc lus ions based o n one or two ind iv idua l s , it 

w o u l d be reasonable to propose the hypothesis that in ovo D D T exposure adversely affects on ly 
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h i g h l y contaminated birds , and there m a y be a threshold l e v e l b e l o w w h i c h A m e r i c a n r o b i n 

behaviour is not affected. 

P l a s m a t h y r o i d hormone levels i n the Okanagan and L o w e r M a i n l a n d breeding bi rds 

were not s ignif icant ly different dur ing development, nor were there signif icant correlat ions w i t h 

in ovo D D T levels (Chapter III). D u r i n g the breeding season, there were also no s ignif icant 

differences except i n pe r iod 7, w h e n L o w e r M a i n l a n d birds had higher p lasma t r i iodothyronine 

levels than Okanagan birds . W h i l e p l a sma t r i iodothyronine levels were negat ive ly correlated 

w i t h in ovo p , p ' - D D T dur ing the post-breeding pe r iod (per iod 12), and thyrox ine levels were 

p o s i t i v e l y correlated w i t h p , p ' - D D T and o , p ' - D D D dur ing p e r i o d 4, f ew conc lus ions can be 

d r a w n f rom these data. In this study, thyrox ine levels peaked i n late A p r i l (per iod 6). A s a 

number o f pairs l a i d eggs i n early M a y , this peak i n thyroxine m a y be related to increases i n nest 

bu i ld ing and mat ing and the increased energy demands o f these behaviors. It is important to note 

that rob ins often raise m o r e than one b r o o d i n a season ( H o w e l l , 1942; K e m p e r , 1971 ; 

Sa l labanks & James, 1999), and their gonadal hormones , and presumably t h y r o i d hormones , 

w o u l d be expected to rise and fal l accord ingly w i t h each brood. T h y r o i d hormone levels are also 

l i n k e d to m o l t i n g act ivi ty , w i t h m a x i m u m thyro id act ivi ty preceding or coincident w i t h the onset 

o f mo l t (Wentwor th & Ringer , 1986). B y early Ju ly , many birds have f ledged their last b rood o f 

c h i c k s and are prepar ing to m o l t and then migra te ( C a m p b e l l et a l . , 1997; K e m p e r , 1971; 

Sal labanks & James, 1999; Wauer , 1999). The birds i n this study d i d indeed exhib i t a peak i n 

thyrox ine levels i n Ju ly (per iod 11) w h i c h is w h e n they w o u l d beg in m o l t i n g ( C a m p b e l l et a l . , 

1997; H o w e l l , 1942; K e m p e r , 1971; Sal labanks & James, 1999). 

4 . 5 . Conclusions 

E x c e p t for a couple o f h i g h l y contaminated ind iv idua l s , b i rds exposed in ovo and early 

post-hatch to D D T exposure d i d not exh ib i t detriments i n their reproduct ive success. T h e y 

demonstrated no differences i n the t i m i n g o f their reproduct ive behaviors nor i n their ha tching 

and f ledging success, as compared to birds f rom re la t ive ly uncontaminated areas. E g g weight , 

length and w i d t h were pos i t ive ly correlated w i t h the females ' in ovo D D T contaminat ion, but i t 

is not certain whether this is an in ovo exposure effect or effects carr ied over f rom the previous 

generat ion. T h e results a l so suggest that the O k a n a g a n and L o w e r M a i n l a n d b i r d s were 

genet ical ly different and m a y be long to different sub-species. Some h i g h l y contaminated birds 

demonstrated hyper -ac t iv i ty and l e d to the hypothesis that in ovo exposure to D D T adversely 

affects o n l y h i g h l y con tamina ted b i rds , and there m a y be a th resho ld l e v e l b e l o w w h i c h 
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A m e r i c a n r o b i n behav ior is not affected. It is also poss ib le that after exposure to D D T for 

several decades, robins have developed a tolerance to it ( G i l l et a l . , 2003) or at least an abi l i ty to 

compensate for any detrimental effects. 
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Chapter V 

Infectious Disease and Immune Response in American Robins Exposed In Ovo and Early 

Post-Hatch to DDT 

5.1 Introduction 

T h e O k a n a g a n V a l l e y o f B r i t i s h C o l u m b i a is an impor tan t f r u i t - g r o w i n g r e g i o n . 

Orchards i n this area were heav i ly treated w i t h the insect ic ide d ichlorodiphenyl- t r ichloroethane 

( D D T ) pr ior to its banning i n the early 1970 's (E l l io t t et a l , 1994; G i l l et a l . , 2003 ; Har r i s et a l , 

2000) . T w o to four treatments o f 13.5 k g o f technica l grade D D T 2 per hectare per year were 

app l i ed (E l l i o t t et a l . , 1994). T h i s organochlor ine has been l i n k e d to reduct ions i n s u r v i v a l , 

reproduction, and immune response, as w e l l as disruptions i n normal endocrine funct ioning, i n a 

variety o f av ian species (e.g., Banerjee, 1999; B l u s , 1996; Ca r son , 1962; C o l b o r n et a l . , 1996; 

F r y & Toone , 1981; Jefferies, 1971; K e l c e et a l . , 1995; M u r p h y , 1980; Sonnensche in & Soto, 

1998; S t i cke l et a l . , 1984; W H O , 1989). 

A l t h o u g h not used i n the Okanagan V a l l e y for approximate ly 30 years, D D T s t i l l persists i n 

the s o i l where it is consumed and accumula ted by ear thworms (Har r i s et a l . , 2000) . These 

earthworms are a favored prey o f the A m e r i c a n rob in (Turdus migratorius), especia l ly dur ing the 

breeding season ( E h r l i c h et a l . , 1988; Sa l labanks & James, 1999; Wauer , 1999). T h e offspr ing 

o f these birds acquire s ignif icant D D T residues not on ly f rom eating contaminated ear thworms 

offered by the parents, but also v i a maternal transfer o f D D T into the egg y o l k (Brandt et a l , 

1978; C e c i l et a l . , 1972; F o x et a l . , 1978; O h l e n d o r f et a l . , 1978; Ott inger et a l . , 2 0 0 1 ; S t i c k e l , 

1973). R o b i n eggs i n Okanagan orchards have been reported to conta in total D D T 3 levels up to 

300 m g / k g ( G i l l et a l . , 2003). 

D D T s have been shown to influence several aspects o f the immune system i n a variety o f 

species, i nc lud ing birds (See Chapter I). B i r d s contaminated w i t h D D T s may be more prone to 

succumb to infectious diseases and parasites (Banerjee et a l . , 1996). In 1997, ten-day-old rob in 

nes t l ings f r o m O k a n a g a n orchards , a l o n g w i t h con t ro l s f r o m the B r i t i s h C o l u m b i a L o w e r 

M a i n l a n d , were col lec ted and raised i n capt iv i ty as part o f a study o n long- term effects o f early 

D D T exposure (see Chapters III and I V ) . W h e n approximate ly 50 to 57 days o f age 13 o f the 

2 Technical grade DDT is composed of 65 to 90% p,p'-DDT, with 10 to 30% o.p'-DDT and a variety of metabolites 
and other products (Jefferies, 1975; Mellanby, 1992; WHO, 1989). 
3 Total DDT includes both ortho.para' and para, para' isomers of DDT and its two primary metabolites, 
dichlorodiphenyldichloroethylene (DDE) and dichlorodiphenyldichloroethane (DDD). 
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ch icks col lected f rom the Okanagan d ied o f apparent starvation (wast ing syndrome). C o c c i d i o s i s 

(parasites Eimeria and Isospora) was con f i rmed i n f ive o f these ch i cks . N o n e o f the c h i c k s 

co l l ec t ed f r o m the L o w e r M a i n l a n d succumbed to this disease, suggest ing that there m a y be 

differences i n disease resistance and immune response between these two groups o f birds. These 

differences m a y be related to the Okanagan b i rds ' in ovo and early post-hatch exposure to D D T 

and other contaminants (Banerjee, 1999; C o l m a n o & Gross , 1971; G r a s m a n et a l . , 1996; Repetto 

& B a l i g a , 1996). H o w e v e r , w h i l e rob ins f r o m the L o w e r M a i n l a n d had s ign i f ican t ly h igher 

heterophil to lymphocyte ratios at ten days o f age compared to Okanagan robins o f the same age, 

p h y t o h e m a g g l u t i n i n tests r evea led n o dif ferences i n i m m u n o c o m p e t a n c e be tween the t w o 

groups. Thus , the objective o f this study was to examine i n more detai l , and w i t h a larger sample 

s ize , whether ear ly D D T exposure suppressed the i m m u n e response o f r o b i n c h i c k s f r o m the 

Okanagan V a l l e y . The goals were: 

1) T o replicate the 1997 experiment to see i f L o w e r M a i n l a n d and O k a n g a n robins were 

different i n their response to the phy tohemagg lu t i n in s k i n test and di f ferent ia l whi te 

b l o o d ce l l counts. 

2) T o determine i f there were differences i n egg s ize , c h i c k size, packed red b l o o d c e l l 

vo lumes , thyro id hormone levels , and corticosterone levels i n response to stress, between 

the L o w e r M a i n l a n d and Okanagan ch icks . These factors have the potential to influence 

the i m m u n e sys tem and s u r v i v a l and/or serve as indica tors o f d is rupt ions i n n o r m a l 

i m m u n e responses (Harvey et a l . , 1986; Jefferies, 1975; L e c h n e r et a l . , 2 0 0 1 ; M a i e r & 

Watk ins , 1999; Siegel , 1980; S tyrsky et a l . , 2002). 

3) T o determine i f the levels o f D D T and D D T metabolites the ch icks were exposed to in 

ovo correlated w i t h differences i n i m m u n e response and hormone levels . B l o o d lead 

leve ls were also assessed, as O k a n a g a n orchards were h i s t o r i c a l l y treated w i t h lead 

arsenate ( L . W i l s o n , C a n a d i a n W i l d l i f e Serv ice , personal commun ica t i on ) . L e a d has 

been shown to increase suscept ibi l i ty to infectious agents and impa i r bo th ce l l -media ted 

and h u m o r a l i m m u n i t y at doses l o w e r than those r equ i r ed for other t o x i c effects 

(Grasman & Scanlon , 1995; L e e et a l . , 2002). 
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5.2 Methods 

5.2.1 E g g Contaminants 

Be tween June 14 and Ju ly 20, 1998, 53 A m e r i c a n rob in eggs were col lec ted f rom nests i n 

orchard areas near Naramata , B r i t i s h C o l u m b i a i n the Okanagan V a l l e y . A l l eggs were col lec ted 

dur ing t imes o f no current-use pest ic ide app l i ca t ion ( L . W i l s o n , C a n a d i a n W i l d l i f e Se rv ice , 

personal communica t ion) . A n addi t ional 40 eggs (controls) were col lec ted f rom park areas i n the 

L o w e r M a i n l a n d ; S tan ley Pa rk , V a n c o u v e r , T i n e h e a d Pa rk , Sur rey , U n i v e r s i t y o f B r i t i s h 

C o l u m b i a B o t a n i c a l Gardens , V a n c o u v e r , and the grounds sur rounding the Canad i an W i l d l i f e 

Se rv ice off ice , D e l t a between A p r i l 15 and June 29 , 1998. T w e n t y - t w o o f the O k a n a g a n eggs 

were ana lyzed i n d i v i d u a l l y and the L o w e r M a i n l a n d eggs were p o o l e d (one p o o l o f f ive eggs, 

two pools o f two eggs, and one i n d i v i d u a l egg). A l l o f the eggs were ana lyzed at the N a t i o n a l 

W i l d l i f e Research Center ( H u l l , Quebec) for contaminant levels us ing the same pro toco l as those 

for the eggs col lec ted i n 1997 (See Chapter III). Resul ts were expressed i n pg /g and o n a wet 

weight basis. 

5.2.2 E g g Measurements 

A total o f 83 eggs (50 Okanagan , 33 L o w e r M a i n l a n d ) were w e i g h e d and measured, 

i n c l u d i n g those used for contaminant analyses. W h e r e measurements were ava i lab le for more 

than one egg per nest, nest means were used for the analyses. E g g length refers to the distance 

f rom end-to-end, w h i l e egg w i d t h refers to the measurement at the widest part o f the egg (See 

Chapter III). 

5.2.3 C h i c k s 

Seventy-seven ten-day-old A m e r i c a n rob in nestl ings were co l lec ted between June 14 and 

J u l y 20 , 1998, f rom the same Okanagan nests f rom w h i c h eggs were co l lec ted . For ty -e igh t 

nestl ings were col lected f rom the L o w e r M a i n l a n d nests, between M a y 1 and Ju ly 28, 1998. A l l 

nes t l ings were co l l ec t ed d u r i n g per iods o f no current-use pes t ic ide treatment ( L . W i l s o n , 

C a n a d i a n W i l d l i f e Se rv i ce , pe rsona l c o m m u n i c a t i o n ) . T h e bi rds were reared at M o n i k a ' s 

W i l d l i f e Shelter (Surrey, B r i t i s h C o l u m b i a ) under the same condi t ions as those col lec ted i n 1997 

(See Chapter III). A l l birds were euthanized at the end o f the study i n October 1998. Sex was 

de termined pos t -mor tem based o n m o r p h o l o g y . A l l treatment and h o u s i n g p ro toco l s were 

approved by the U n i v e r s i t y o f B r i t i s h C o l u m b i a A n i m a l Ca re C o m m i t t e e (Cer t i f ica te # A 9 7 -

0043). 
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5.2.4 C h i c k Measurements 

For ty-e ight L o w e r M a i n l a n d ch i cks from 25 nests were w e i g h e d and measured, a long 

w i t h 77 Okanagan ch icks f rom 31 different nests. C h i c k s were we ighed and body measurements 

taken approximate ly ten days post-hatch, f o l l o w i n g the same protocols as those used for 1997 

birds (See Chapter III). W h e n more than one c h i c k was co l lec ted f rom a nest, means per b rood 

were used for the analyses. B o d y weights and morphomet r ic measurements were not taken at 

later stages. 

5.2.5 T h y r o i d Hormones 

T h y r o i d hormones (p lasma t r i iodothyronine and t h y r o x i n concentrations) were assessed 

by T r a c y M a r c h a n t at the U n i v e r s i t y o f Saskatchewan, Saskatoon, Saska tchewan, i n p l a s m a 

samples col lec ted from 14 L o w e r M a i n l a n d (8 broods) and 58 Okanagan (22 broods) birds when 

they were ten-days-old . The same p ro toco l as that used for the 1997 bi rds were used (See 

Chapter III). 

5.2.6 Immune Response 

5.2.6.1 White Blood Cell Counts 
B l o o d smears were co l lec ted f rom the birds w h e n they were ten-day-old nest l ings (47 

L o w e r M a i n l a n d ch icks f rom 25 broods, 73 Okanagan ch icks from 30 broods) and 50 - 57 day 

o l d juven i l e s (43 L o w e r M a i n l a n d birds f r o m 22 broods, 70 O k a n a g a n b i rds f r o m 29 broods) , 

us ing the same protocol as that used for the 1997 birds (See Chapter III). 

5.2.6.2 Phytohemagglutinin Skin Test 
For ty-one L o w e r M a i n l a n d (21 broods) and 69 Okanagan (31 broods) juven i l e s o f both 

sexes were used for the phytohemagglut in in test, us ing the same pro tocol as described i n Chapter 

III. 

5.2.6.3 Hematocrits 
W h e n the b i rds were 10 (38 L o w e r M a i n l a n d nest l ings f rom 21 broods, 76 Okanagan 

nestl ings from 31 broods) and 50 - 57 days o f age (43 L o w e r M a i n l a n d birds f rom 22 nests, 70 

Okanagan birds f rom 29 broods) , b l o o d samples were co l l ec ted i n order to determine packed 

b l o o d c e l l vo lumes . Three 40 p i hepar in ized capi l la ry tubes o f b l o o d were co l lec ted from each 

b i r d f o l l o w i n g puncture o f the brachia l v e i n w i t h a 27-gauge needle. The ends o f the tubes were 

p lugged w i t h putty and then centrifuged at 11,000 r p m for f ive minutes. Averages o f the three 

hematocrits and brood means were used for the analyses. 
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5.2.6.4Positive Controls 

S i x j uven i l e robins admit ted to M o n i k a ' s W i l d l i f e Shelter f rom areas around the L o w e r 

M a i n l a n d and not treated w i t h any type o f d rug were i n c l u d e d as pos i t i ve cont ro l s for the 

immune tests. These birds were ora l ly dosed w i t h dexamethasone once a day for two days pr ior 

to and on the day o f the phytohemagglu t in in injections. T w o birds were dosed w i t h 1.5 m g / k g 

body weight and four w i t h 3.7 m g / k g body weight . 

5.2.7 Stress Response 

Stress response i n 43 L o w e r M a i n l a n d (22 broods) and 70 Okanagan (29 broods) birds 

was determined us ing changes i n cort icosterone levels dur ing a restraint stress test (Gaunt & 

O r i n g , 1999) w h e n the b i rds were be tween 50 and 57 days o f age ( juveniles) . B l o o d samples 

were co l lec ted immedia te ly upon capture o f the birds (t ime 0), after f ive minutes ( t ime 5), ten 

minutes ( t ime 10), th i r ty minutes ( t ime 30) , and s ix ty minutes ( t ime 60) . B e t w e e n sample 

co l lec t ions , the birds were he ld i n a b o x w i t h a c lo th cover . B l o o d samples were taken and 

processed i n the same w a y as for the hematocri ts , but o n l y t w o cap i l l a ry tubes o f b l o o d were 

c o l l e c t e d f r o m f i v e minu te s on . P l a s m a samples were ex t rac ted and a n a l y z e d u s i n g a 

r ad io immuno-assay at the U n i v e r s i t y o f Saska tchewan , f o l l o w i n g the p ro toco l s ou t l i ned i n 

K loeppe r -Sams et a l . (1994) and Bor to lo t t i et a l . (1996). 

5.2.8 B l o o d L e a d 

L e a d levels were ana lyzed i n b l o o d samples (14 L o w e r M a i n l a n d and 30 Okanagan) 

co l lec ted w h e n the birds were ten days o l d . A n a l y s e s were conducted at the N a t i o n a l W i l d l i f e 

Resea rch Center u s ing graphite furnace spectrometry. V a l u e s were expressed as p.g/g, d ry 

weight . 

5.2.9 Tissue Weights 

F o l l o w i n g c o m p l e t i o n o f the study (Oc tober 1998) the b i rds were eu than ized and 

dissected. C o l l e c t e d tissues (ga l l bladder, heart, spleen, l ive r , k idneys , adrenal glands, gonads, 

t h y r o i d glands, thymus , and bursa) were w e i g h e d w h e n fresh and then f rozen or stored i n 

fo rmal in for future analyses. Sex was also determined at the t ime o f sacrif ice. 

5.2.10 Statistics 

Differences between L o w e r M a i n l a n d and Okanagan eggs, nestl ings, and juven i l e s were 

ana lyzed us ing one-way analyses o f var iance ( A N O V A s ) and nest means. Tissue weights at 

t ime o f sacr i f ice were corrected for body we igh t by d i v i d i n g the tissue we igh t by the body 
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weight minus the tissue weight . Da ta were c o m m o n l o g transformed, where necessary, i n order 

to increase normal i ty . Pa i r -wise correlations were conducted to determine the effects o f egg p,p'-

D D T , o , p ' - D D T , p , p ' - D D D , o , p ' - D D D , p , p ' - D D E , and o , p ' - D D E 4 i n the Okanagan bi rds on ly . 

Contaminant non-detects and zeros were replaced by 0.00005 (ha l f the detect ion l im i t ) for the 

correlations. Outl iers were determined us ing the Maha lanob i s outl ier distance test. P values less 

than or equal to 0.05 were considered significant. Where poss ib le , data f rom the 1998 eggs and 

ch icks were compared to those from 1997 (see Chapter III) us ing the m o d e l : 

Y i j k = p. + L i + Tj + ( L T ) y + E i j k 

where Y is the parameter be ing measured, L refers to whether the b i rd was from the Okanagan or 

L o w e r M a i n l a n d , T refers to the year the egg or c h i c k was co l lec ted (1997 or 1998), and L T is 

the two-way interaction between type and year. A l l statistics were conducted us ing J M P vers ion 

3.2.1 software ( S A S Institute, C a r y , N o r t h Caro l ina ) . V a l u e s expressed are ranges and means + 

standard error. 

5.3 Resu l t s 

5.3.1 E g g Contaminants 

Tab le 5-1 illustrates the means, standard errors, and ranges for mois ture content, l i p i d 

content, p , p ' - D D T , p , p ' - D D D , p , p ' - D D E , o , p ' - D D T , o , p ' - D D D , o , p ' - D D E , and the ratios o f D D E 

to D D T for the eggs co l lec ted i n 1998 and 1997. The complete l i s t ing o f organochlor ine and 

polychlor ina ted b iphenyls ana lyzed is avai lable i n A p p e n d i c e s I and II. In both years, eggs from 

the Okanagan contained s ignif icant ly higher levels o f p , p ' - D D E ( F ^ s = 134.7, p < 0.0001), p,p '-

D D T ( F U 8 = 83.4, p < 0.0001), and p , p ' - D D D ( F i , 5 8 = 57.6, p < 0.0001) than eggs f r o m the 

L o w e r M a i n l a n d . O n l y p , p ' - D D E (Fi j 5 8= 8.3, p = 0.006) levels were higher i n 1997 than i n 1998 

eggs. The p , p ' - D D T levels were also h igher i n 1997 than i n 1998, but o n l y i f out l iers were 

removed. T h e L o w e r M a i n l a n d and O k a n g a n eggs s h o w e d no s ign i f i can t differences i n 

D D E : D D T rat ios . H o w e v e r , w h e n out l ie rs were r e m o v e d , L o w e r M a i n l a n d eggs had a 

s igni f icant ly higher ratio than the Okanagan eggs. In both years, the para,para' i somers were 

found i n a l l L o w e r M a i n l a n d (a l though o n l y minu te amounts i n p o o l e d egg samples) and 

Okanagan eggs, but the ortho,para' isomers were on ly found i n the Okanagan eggs. 0 , p ' - D D E 

4 Ortho, para' and para,para' isomers were evaluated separately as they have been shown to have very different 
effects (e.g., Gaido et al., 1997; Kelce et al., 1995; 1998; Sohoni & Sumpter, 1998). 
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Table 5 -1 : Means (+ standard error) and ranges of DDTs, moisture, and lipids (pig/g) in 

American robin eggs collected from the Lower Mainland and Okanagan Valley of 
British Columbia. 

1997 
Lower 

Mainland 
n = 3 

1998 
Lower 

Mainland 
n = 4 

1997 
Okanagan 

n = 31 

1998 
Okanagan 

n = 22 

Total 
Lower 

Mainland 
n = 7 

Total 
Okanagan 

n = 53 

% water 
82.0 (0.2) 

81.6-82.3 

82.0 (0.3) 

81.1-83.3 

82.8 (0.3) 

80.2-85.3 

81.7(0.4) 

77.9-85.1 

82.0 (0.2) 

81.1-83.3 

82.4 (0.2) 

77.9-85.3 

% lipid 
5.7 (0.2) 

5.4-6.1 

5.3 (0.3) 

3.8-6.1 

4.3 (0.2) 

1.5-5.8 

5.0 (0.2) 

3.7-7.3 

5.4 (0.2) 

3.8-6.1 

4.6 (0.1) 

1.5-7.3 

p,p'-DDT 
0.01 (0.01) 

0.1-0.2 

0.07 

(0.008) 

0.05-0.09 

12.1 (1.6) 

0.9-30.5 

6.9(1.8) 

0.2-37.3 

0.1 (0.02) 

0.05-0.2 

9.9(1.2) 

0.2-37.3 

p,p'-DDE 
1.9(0.7) 

0.9-3.2 

0.8 (0.4) 

0.3-1.9 

51.7(8.7) 

10.0-245.0 

26.2 (2.9) 

5.4-59.1 

1.3 (0.4) 

0.3-3.2 

41.1 (5.5) 

5.4-245.0 

p,p'-DDD 

0.009 

(0.004) 

0.003-0.02 

0.006 

(0.0008) 

0.005-0.008 

1.0(0.3) 

0.06-8.7 

0.7 (0.3) 

0.02-6.5 

0.007 

(0.002) 

0.003-0.02 

0.9 (0.2) 

0.02-8.7 

o,p'-DDT N D 2 ND 
0.05 (0.01) 

ND-0.2 

0.05 (0.02) 

ND-0.3 
ND 

0.05 

(0.009) 

ND-0.3 

o,p'-DDE ND ND 

0.002 

(0.0006) 

ND-0.01 

0.004 

(0.001) 

ND-0.02 

ND 

0.006 + 

0.004 

ND-0 .07 

o,p'-DDD ND ND 

0.003 

(0.0007) 

ND-0.02 

0.004 

(0.003) 

ND-0.07 

ND 

0.003 

(0.001) 

ND-0.07 

D D E i D D T 1 
12.8 (3.7) 

8.0-20.1 

11.3 (4.2) 

6.2-23.7 

6.8 (2.0) 

0.7-63.1 

11.4 (2.3) 

0.7-38.5 

11.9(2.6) 

6.2-23.7 

8.7(1.5) 

0.7-63.1 

ortho,para' and para,para' isomers 

2 N D = not detected * p < 0.05 
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was found i n 6 2 . 3 % o f the Okanagan eggs, o , p ' - D D D i n 56 .6%, and o , p ' - D D T i n 8 1 . 1 % . There 

were no significant differences between the L o w e r M a i n l a n d and Okanagan eggs i n moisture and 

l i p i d content , and there were no s ign i f i can t co r re l a t ions o f these parameters w i t h egg 

contaminant levels . E g g s col lec ted i n 1998 had s ignif icant ly ( F i ; 6 4 = 8.1, p = 0.006) h igher l i p i d 

contents than the 1997 eggs. 

5.3.2 T h y r o i d Hormones 

In 1998, 10-day o l d Okanagan broods had s ign i f ican t ly h igher t r i iodothyronine levels 

than L o w e r M a i n l a n d b i rds (F13 = 5.7, p = 0.02; F igu re 5-1), but there were no s igni f icant 

differences i n thyrox ine levels (F igure 5-1), nor were there s ignif icant correlat ions w i t h D D T 

exposure i n the Okanagan ch icks . T h y r o i d hormone levels were measured i n m u c h older birds i n 

1997. A s t h y r o i d hormone levels can change d ramat ica l ly over t ime ( W e n t w o r t h & R i n g e r , 

1986), statistical comparisons between years w o u l d not be meaningful . 

5.3.3 Immune Response 

5.3.3.1 Hematocrits 
N o significant differences were found i n hematocri t values between the L o w e r M a i n l a n d 

and Okanagan broods at ten days or 50 - 57 days. W h e n the Okanagan birds were j uven i l e s , 

however , their hematocri t values were pos i t ive ly correlated w i t h o , p ' - D D T (r = 0.5, n = 22 , p = 

0.02) and o , p ' - D D E (r = 0.5, n = 22 , p = 0.02), but negat ively correlated w i t h p , p ' - D D E (r = - 0.4, 

n = 22 , p = 0.05). A c o m p a r i s o n o f the t w o ages revea led that hematocr i t va lues were 

considerably higher w h e n the birds were juveni les than w h e n they were nestlings ( F i j o i - 323.7, 

p < 0 .0001; F igure 5-2). Hematocr i t s averaged 45.0 and 49.8 i n the 1.5 m g / k g dexamethasone 

con t ro l s , w h i c h was not s i g n i f i c a n t l y different f r o m the O k a n a g a n and L o w e r M a i n l a n d 

juven i les . Hematocr i t s were not col lec ted from the 1997 birds . 

5.3.3.2 White Blood Cell Ratios 
A t 10 days o f age, the L o w e r M a i n l a n d nest l ings had h igher eos inophi l /he te roph i l to 

lymphocyte /monocy te ratios than their Okanagan counterparts ( F 1 ; i 2 6 = 15.5, p = 0.0001). The 

difference was consistent i n both years. The whi te b l o o d c e l l ratios were s ignif icant ly correlated 

w i t h p , p ' - D D D egg levels (r = - 0.3, n = 55, p = 0.03) for the Okanagan birds . A s j u v e n i l e s 

(1998) and post-breeding adults (1997), the birds showed no differences i n their whi te b l o o d c e l l 
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Figure 5-1: Mean (+ se) triiodothyronine and thyroxine levels (ng/ml) in the blood of 1998 
Lower Mainland and Okanagan birds at ten days of age. * p < 0.05 
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60 n 

Figure 5-2: Mean (+ se) hematocrit values for 1998 Lower Mainland and Okanagan robins 
when 10 and 50 -57 days of age. 
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ratios. W h i l e juveni les demonstrated no significant correlations w i t h D D T s , post-breeding adults 

showed a posi t ive correla t ion w i t h p , p ' - D D T (r = 0.4, n = 25 , p = 0.03). A compar i son o f the two 

ages (1998 birds on ly) revealed that the birds had s ignif icant ly higher ratios as nestl ings than as 

juven i l e s (F1J04 = 94.0, p < 0 .0001; F igure 5-3). W h i t e b l o o d c e l l ratios were avai lable for the 

t w o 1.5 m g / k g pos i t ive controls (0.8 and 0.5), and they d i d not differ s ign i f ican t ly f rom the 

Okanagan and L o w e r M a i n l a n d birds. 

5.3.3.3 Phytohemagglutinin Skin Test 
W i n g index measurements i n the 1998 L o w e r M a i n l a n d birds ranged f r o m 0.1 to 1.14 

(0.7 + 0.05), whereas i n the Okanagan birds it ranged f rom 0.3 to 1.0 (0.6 + 0.03). There were 

no s ignif icant differences i n response to the phy tohemagglu t in in test between L o w e r M a i n l a n d 

and Okanagan birds. N o signif icant correlat ions w i t h in ovo D D T exposure were found either. 

W i n g index measurements for the posi t ive controls ranged f rom 0.2 to 0.9 (0.5 + 0.1) and were 

not s ign i f i can t ly different f r o m the Okanagan and L o w e r M a i n l a n d b i rds . T h e 1998 b i rds 

demonstrated a greater response to this test than d i d the 1997 birds ( F i j i = 8.2, p = 0.006). A s 

age, sex and year effects were confounded , i t c o u l d not be de termined w h i c h o f these factors 

were causing the difference. H o w e v e r , there were no s ignif icant differences between males and 

females i n 1998. Thus , the difference be tween 1997 and 1998 m a y be attr ibutable to age 

differences. 

5.3.4. Stress Response 

There were no signif icant differences between L o w e r M a i n l a n d and Okanagan broods i n 

p lasma corticosterone leve l at any t ime dur ing the restraint test. There were also no s ignif icant 

correlat ions w i t h D D T exposure. The r emova l o f one Okanagan outl ier , however , renders the 

differences between L o w e r M a i n l a n d and Okanagan birds i n p l a s m a cort icosterone at t imes 0 

(F1.26 = 7.0, p = 0.01) and 5 (F1.27 = 4 .7 , p = 0.04) s ta t i s t ica l ly s ign i f i can t . A l t h o u g h 

corticosterone levels were lower i n the Okanagan birds than i n the L o w e r M a i n l a n d birds dur ing 

the first five minutes o f the test, both groups reached s imi l a r peak levels at t ime 30 (Figure 5-4). 

R e m o v a l o f the out l ier also resulted i n s ignif icant pos i t ive correlat ions between egg p , p ' - D D T 

and corticosterone levels at t ime 5 (r = 0.6, n = 2 1 , p = 0.009) and t ime 10 (r = 0.5, n = 2 1 , p = 

0.03), o , p ' - D D T and t ime 5 (r = 0.5, n = 21 , p = 0.01) and t ime 10 (r = 0.6, n = 2 1 , p = 0.01), and 

o , p ' - D D E and t ime 5 (r = 0.6, n = 2 1 , p = 0.008) and t ime 10 (r = 0.5, n = 2 1 , p = 0.02). There 
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2.5 

A g e (Days) 

Figure 5-3: Mean (+ se) eosinophil + heterophil / monocyte + lymphocyte ratios for 1998 
Okanagan and Lower Mainland birds when 10 and 50 - 57 days old. * p < 0.05 
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were signif icant t ime differences i n corticosterone levels (¥4^44 = 36.7, p < 0 .0001; F igure 5-4). 

Stress response was not tested i n the birds col lec ted i n 1997. 

5.3.5 B l o o d L e a d 

B l o o d lead l eve l s ranged f r o m 0.09 to 1.5 p.g/g (0.4 + 0.1 p.g/g) i n the 1998 L o w e r 

M a i n l a n d ch i cks and 0.2 to 1.3 i i g / g (0.7 + 0.06 p.g/g) i n the Okanagan ch i cks . These levels 

were s igni f icant ly higher i n the Okanagan than i n the L o w e r M a i n l a n d b i rds (Fi,4i = 9.0, p = 

0.005). Pa i r -w i se correlat ions were conducted between b l o o d lead leve ls i n the ten-day o l d 

ch icks and whi te b l o o d c e l l ratios, hematocrits, t hy ro id hormone levels , body weights , and tarsus 

lengths at the same age. N o significant correlations were found. A nomina l logis t ics compar i son 

between b l o o d lead levels and whether or not the b i rd was treated for mycop la smos i s was also 

non-significant . B l o o d lead levels were not determined for the birds col lected i n 1997. 

5.3.6 Infectious Diseases and Parasites 

Mycoplasma gallisepticum and/or Mycoplasma synoviae infect ions were d iagnosed i n 

eight L o w e r M a i n l a n d and 46 Okanagan robins i n 1998, u s ing the hemagglu t ina t ion i n h i b i t i o n 

test at the A n i m a l H e a l t h M o n i t o r i n g L a b , B r i t i s h C o l u m b i a M i n i s t r y o f A g r i c u l t u r e , F o o d , and 

Fisher ies , Abbo t s fo rd , B r i t i s h C o l u m b i a . These birds were treated w i t h B a y t r i l (enrof loxazin) 

unt i l they no longer showed symptoms o f infect ion (i.e., s w o l l e n eyes, nasal discharge, cough) , 

w i t h the first treatments beg inn ing o n Ju ly 29 , 1998. P l a s m a samples from the birds at ten-days 

o f age were negat ive for m y c o p l a s m a , therefore, the b i rds acqu i red the in fec t ion w h i l e i n 

capt iv i ty . In addi t ion , one L o w e r M a i n l a n d b i r d and four Okanagan bi rds were suspected o f 

suffering f rom aspergi l los is (Aspergillus fumigatus) infect ions. Tapeworms were found i n 16 

L o w e r M a i n l a n d and 43 Okanagan birds post-mortem, and unident i f ied nematodes were found i n 

f ive L o w e r M a i n l a n d and ten Okanagan birds. 

5.3.7 M o r t a l i t y 

O f the 38 1998 L o w e r M a i n l a n d birds studied, 36 (94.7%) su rv ived to the end o f the 

study. O n e L o w e r M a i n l a n d c h i c k d i ed o f u n k n o w n causes w h e n 53 days o f age, and one was 

euthanized w h e n 64 days o f age. Fi f ty-e ight o f 64 (90.6%) Okanagan ch icks surv ived un t i l the 

end o f the study. T w o Okanagan ch icks d i ed o f u n k n o w n causes w h e n 67 and 69 days o f age. 

Three O k a n a g a n b i rds were euthanized; one at 41 days, one at 58 days, and one at about the 

same t ime as the others were sacr i f iced. One 55 day o l d Okanagan c h i c k l i k e l y d i ed as a result 
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Figure 5-4: Mean (± se) piasma cr.icos.er.ne lev* (ng/ml) in 1998 Lower MainiandI and Okanagan juvenile robins during a 
s restraint stress test. Outlier removed. * p < 0.05. 

http://cr.icos.er.ne
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o f a m y c o p l a s m a infect ion. 

5.3.8 E g g Measurements 

L o w e r M a i n l a n d eggs (n = 68) we ighed 6.5 + 0.2 grams, averaged 29.3 + 0.3 m m long , 

and 21.0 + 0.1 m m wide . Okanagan eggs (n = 110) we ighed 6.6 + 0.1 grams, averaged 29.0 + 0.1 

m m l o n g and 21.0 + 0.1 m m w i d e . There were no s igni f icant differences be tween L o w e r 

M a i n l a n d and O k a n a g a n eggs i n we igh t , length , or w i d t h , nor were there any s ign i f i can t 

correlat ions w i t h contaminant leve ls w i t h i n the O k a n a g a n eggs. E g g s co l l ec t ed i n 1997 and 

1998 were o f s imi l a r weights and wid ths , but eggs co l lec ted i n 1997 were longer than those 

col lec ted i n 1998 (Fitm = 3.9, p = 0.05). The r emova l o f outl iers, however , rendered this result 

non-significant . 

5.3.9 C h i c k Measurements 

There were no s ign i f i can t d i f ferences be tween 10-day o l d L o w e r M a i n l a n d and 

Okanagan robins i n body weights , tarsus lengths, or w i n g lengths at this age and there were no 

differences i n the measurements taken i n 1997 and 1998. L o w e r M a i n l a n d nest l ings (n = 58) 

we ighed 58.6 ± 1.0 grams (34.0 - 76.0 grams) at ten days, had 37.4 + 0.2 m m (32.8 to 41.5 m m ) 

long tarsus, 21.4 + 0.2 m m (19.0 to 26.0 m m ) midd le toes, and 67.5 ± 1.8 m m (46.0 - 127.0 m m ) 

w i n g length. C o r r e s p o n d i n g measurements i n Okanagan nest l ings (n = 72) were 60.3 + 0.6 

grams (50.1 - 75.1 grams), 37.1 ± 0.2 m m (33.9 to 40.6 m m ) , 14.9 ± 0.6 m m (6.7 to 23.0 m m ) 

and 66.2 + 0.7 m m (50.7 - 78.0 m m ) , respect ively. Okanagan ch icks had shorter m i d d l e toes 

than L o w e r M a i n l a n d ch i cks ( F i . m = 384.1 , p < 0.0001), and ch icks co l lec ted i n 1998 had longer 

wings ( F U 2 i = 13.7, p = 0.0003) and midd le toes ( F i , i 2 2 = 257.9, p < 0.0001) than those col lec ted 

i n 1997. There was a s igni f icant year by type in teract ion for toe length (̂ 3,122 = 297 .3 , p < 

0.0001), w i t h Okanagan birds co l l ec ted i n 1997 hav ing s ign i f ican t ly shorter m i d d l e toes than 

L o w e r M a i n l a n d b i rds . There was no such difference i n the 1998 bi rds . B o d y we igh t was 

pos i t ive ly correlated w i t h egg p , p ' - D D E levels (r = 0.4, n = 50, p = 0.007) and w i n g length was 

negat ively correlated w i t h p , p ' - D D D levels (r = - 0.3, n = 50, p = 0.02). 

5.3.10 Tissue Weights 

Tab le 5-2 il lustrates the body and corrected tissue weights for the 1998 L o w e r M a i n l a n d 

and Okanagan birds at sacrif ice. Okanagan birds had s ignif icant ly heavier l ivers (Fi,48 = 13.9, p 

= 0.0005), k idneys ( F M 8 = 7.0, p = 0.01), and spleens ( F i ; 4 g = 5.2, p = 0.03) than L o w e r 

M a i n l a n d birds. The remova l o f outliers rendered the difference between L o w e r M a i n l a n d and 
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Table 5-2: Means (+ se) and ranges of body and tissue weights (grams) of 1998 Okanagan 
and Lower Mainland broods at time of sacrifice. 

Lower Mainland 

n = 21 

Okanagan 

n = 30 

body 
81.7 ± 1 . 1 

6 6 . 5 - 8 8 . 9 

81.8 ± 1.3 

5 6 . 5 - 9 0 . 0 

gall bladder 
0.001 ± 0 . 0 0 0 1 

0.0004 - 0.003 

0.001 ± 0.00007 

0.0004 - 0.002 

spleen 
0.002 ± 0.0002 

0.001 - 0 . 0 0 4 

0.003 ± 0 . 0 0 0 3 * 

0.001 - 0 . 0 0 8 

bursa 
0.0009 ± 0 . 0 0 0 1 

0 - 0.002 

0.0007 ± 0.00007 

0.0002 - 0.002 

adrenal glands 
0.0002 ± 0.00002 

0.00006 - 0.0004 

0.0002 ± 0 . 0 0 0 0 1 

0.0001 - 0.0003 

gonads 
0.0002 ± 0.00002 

0.0001 - 0 . 0 0 0 4 

0.0002 ± 0.00002 

0.00006 - 0.0006 

thymus 
.001 ± 0 . 0 0 0 0 7 

0.005 - 0.002 

0.001 ± 0 . 0 0 0 0 6 

0.0003 - 0.002 

liver 
0.03 ± 0.0008 

0.03 - 0.04 

0.04 ± 0.002* 

0 . 0 3 - 0 . 0 8 

heart 
0.01 ± 0 . 0 0 0 3 

0.009 - 0.02 

0.01 ± 0 . 0 0 0 2 

0 . 0 1 - 0 . 0 2 

thyroid glands 
0.0003 ± 0.00002 

0 - 0.0005 

0.0003 ± 0.00002 

0.00006 - 0.0004 

kidneys 
0.02 ± 0.0004 

0 . 0 1 - 0 . 0 2 

0.02 ± 0 . 0 0 0 5 * 

0.02 - 0.03 

* p < 0.05 
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Okanagan b i rds ' spleens non-s igni f icant , but d i d not affect the l i v e r and k i d n e y differences. 

A m o n g the Okanagan birds , pos i t ive correlat ions were found between bursa weights and p,p '-

D D E (r = 0.5, n = 21 , p = 0.02), l i ve r and p , p ' - D D D (r = 0.6, n = 22 , p = 0.002), l i ve r and o,p'-

D D D (r = 0.7, n - 22 , p = 0.007) , k i d n e y s and p , p ' - D D D (r = 0.7, n = 2 2 , p = 0 .0007) , and 

k idneys and o , p ' - D D D (r = 0.7, n = 22, p = 0.001). S igni f icant negative correlations were found 

between the ga l l bladder and p , p ' - D D E (r = -0.5, n = 22 , p = 0.02) and adrenal glands and o,p'-

D D T (r = -0.4, n = 2 1 , p = 0.05). O n l y the g a l l bladder corre la t ion was s igni f icant after the 

r emova l o f outliers. Di rec t comparisons w i t h the 1997 birds were not possible , as the 1998 birds 

were sacr if iced as juven i les and the 1997 birds were sacr i f iced as t w o to three year o l d adults. A 

total o f 19 L o w e r M a i n l a n d males , 27 L o w e r M a i n l a n d females, 41 Okanagan males , and 37 

Okanagan females were sacrif iced. 

5.4 D i s c u s s i o n 

In both years (1997 and 1998), eggs col lected f rom orchard areas o f the Okanagan V a l l e y 

con ta ined s i gn i f i c an t l y h igher l eve l s o f va r ious D D T i somers than eggs f r o m the L o w e r 

M a i n l a n d . R o b i n s f r o m the O k a n a g a n were more suscept ible to diseases and parasites, and 

suffered h igher mor ta l i ty than their L o w e r M a i n l a n d conspec i f i c s w h e n reared together i n 

capt iv i ty . There was no evidence, however , that the Okanagan birds that became infected came 

f rom nests w i t h higher levels o f in ovo D D T exposure. A t 10 days o f age, r ight after co l l ec t ion 

f rom their respective nests, Okanagan robins i n both years had s ignif icant ly l ower heterophi l to 

l y m p h o c y t e ratios than L o w e r M a i n l a n d robins . In 1998, O k a n a g a n b i rds h a d s ign i f i can t ly 

higher p lasma t r i iodothyronine levels than L o w e r M a i n l a n d birds , but hematocri t and thyroxine 

measurement s were not d i f fe ren t b e t w e e n the t w o types o f b i r d s . E x c e p t for the 

he terophi l / lymphocyte ratios, none o f the parameters measured at this age were correlated w i t h 

in ovo D D T levels . The correla t ion between 10-day heterophi l / lymphocyte ratios and p , p ' - D D D 

al though significant, was marg ina l (r = - 0.03). 

Injecting 2 or 4 m g / k g p , p ' - D D E into Japanese qua i l (Coturnix japonica) eggs resulted i n 

c h i c k s hatched w i t h h igher l eukocy te numbers ( Q u i n n et a l . , 2002) . C a s p i a n terns (Sterna 

caspia) f rom the Great L a k e s showed increas ing he te rophi l / lymphocyte ratios w i t h increas ing 

D D E levels (Grasman et a l . , 1996). C a m p b e l l (1994) conc luded that i n general , an excess o f 

either endogenous or exogenous g l u c o c o r t i c o i d c o u l d lead to s l ight to moderate l eukocytos i s , 

heterophil ia , and lymphopenia , w h i c h w o u l d result i n higher heterophi l / lymphocyte ratios. Smi ts 
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and W i l l i a m s (1999) found higher ratios i n 10-day o l d zebra f inches (Taeniopygia guttata) fed 

dexamethasone (a synthetic g lucocor t i co id and immunosuppressant) compared to controls . They 

found that stress due to hand l ing increased total leukocr i t s , but dexamethasone increased the 

heterophil component w h i l e decreasing the lymphocyte component . In the present study, w e d i d 

not have 10-day o l d dexamethasone birds to serve as controls , but 10-day o l d Okanagan robins 

had s ignif icant ly lower he terophi l / lymphocyte ratios as compared to L o w e r M a i n l a n d robins o f 

the same age. Unfortunately , on ly differential whi te b l o o d c e l l counts were conducted, not total 

l eukocr i t analyses. B y he te rophi l / lymphocyte ratio measurements, the immunocompetence o f 

young Okanagan nestlings d i d not seem to have been compromised by in ovo D D T exposure. 

Jefferies and F r e n c h (1969) reported that the t hy ro id glands o f feral p igeons (Columbia 

livia) fed 3 to 36 m g D D T / k g / d a y for s ix weeks were twice as heavy as those o f controls . The 

thyroids o f dosed birds had smaller fo l l ic les , less c o l l o i d , and hyperplast ic epithelia, regardless o f 

the dose leve l . S i m i l a r results were found i n birds dosed w i t h D D E (Jefferies, 1975). H o w e v e r , 

contaminant- induced alterations i n t hy ro id hormones i n w i l d l i f e , exper imental and field studies 

have produced divergent findings (see r ev i ew by R o l l a n d , 2000) . Fur thermore, the re la t ionship 

be tween t h y r o i d hormones and i m m u n e response is med ia t ed b y m a n y endogenous and 

exogenous factors and m a y not be easi ly predictable (Fowle s et a l . , 1997; E r f & M a r s h , 1989; 

W i l l i a m s o n et a l . , 1990; Smits et a l . , 2002) . In general, animals w i t h l o w t h y r o i d hormone levels 

demonstrated decreased cel l -mediated and humora l immune response ( K l e c h a et a l . , 2000; Smits 

et a l . , 2002) . In the present study, 10-day o l d Okanagan robins had s ignif icant ly higher p l a sma 

t r i i odo thy ron ine l eve l s than same age L o w e r M a i n l a n d r o b i n s i n 1998 w h i l e s h o w i n g no 

difference i n p l a s m a thy rox ine leve ls . Thus , there is no ev idence that the c e l l media ted or 

h u m o r a l i m m u n e responses o f y o u n g O k a n a g a n nest l ings have been c o m p r o m i s e d by l o w 

t h y r o i d hormone levels . In fact, the Okanagan robins m a y be s h o w i n g m i l d hyper thyro id i sm as 

was found prev ious ly i n pigeons and Bengalese finches (Lonchura striata) exposed to a variety 

o f D D T dosages (Jeffer ies , 1975) . U n f o r t u n a t e l y , because o f l o g i s t i c reasons , the 

p h y t o h e m a g g l u t i n i n s k i n test was not pe r fo rmed o n the b i rds w h e n they were nes t l ings . 

Phy tohemagglu t in in tests adminis tered to juven i les (1998) and adults (1997) revealed that there 

was no difference between the Okanagan and L o w e r M a i n l a n d robins i n their T - l y m p h o c y t e 

mediated immune response. 

N o significant differences were found i n hematocri t values between the L o w e r M a i n l a n d 

and Okanagan broods at ten days or 50 - 57 days, nor were these values s ignif icant ly different i n 

the dexamethasone controls . In Smi t s and W i l l i a m s ' (1999) study, 10-day o l d zebra finch 
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exposed to dexamethasone also d i d not have different hematocr i t values than controls . These 

authors commented that hematopoiesis o f red ce l l s i n b i rds is a very active process dur ing the 

late embryon ic and early post-hatch periods and a fu l l complement o f red b l o o d ce l l s does not 

occur un t i l some t ime between mid-nes t l ing and post- f ledging stage. T h i s i s consistent w i t h our 

f inding that hematocrit values were considerably higher w h e n the birds were juven i les than w h e n 

they were nest l ings. Hematoc r i t values taken f rom j u v e n i l e Okanagan bi rds were negat ive ly 

correlated w i t h o r t h o - D D T isomers ( o , p ' - D D T and o , p ' - D D E ) but pos i t i ve ly correlated w i t h a 

p a r a - D D T isomer ( p , p ' - D D E ) . The signif icance o f these correlations remains to be determined. 

In i t i a l analysis o f the stress response test o f j u v e n i l e robins revealed that there was no 

s ignif icant difference between the Okanagan and L o w e r M a i n l a n d birds i n their cort icosterone 

response. One Okanagan female, w h i c h had a very h i g h p l a sma corticosterone l eve l , was found 

dead the day after the test and was also ident i f ied as an out l ier . Af t e r the e x c l u s i o n o f this 

i nd iv idua l f rom the data set, it was found that L o w e r M a i n l a n d juven i l e robins had a s ignif icant ly 

lower corticosterone response than Okanagan juven i les dur ing the first 5 minutes o f exposure to 

the stress s t imulus. T h i s m a y be an ind ica t ion that L o w e r M a i n l a n d robins had higher baseline 

cort icosterone levels than O k a n a g a n birds . There was however , no difference i n their peak 

response leve l as w e l l as the t ime to achieve this l eve l . 

The i n i t i a l cort icosterone response was pos i t i ve ly correlated w i t h m a n y o f the in ovo 

D D T isomers. Eastern b lueb i rd (Sialia sialis) nestlings that were restrained and then chal lenged 

w i t h adrenocor t icot ropic hormone exh ib i t ed negative correlat ions between cort icosterone and 

D D E levels ( M a y n e et a l . , 2002). Th i s study, however , was deal ing w i t h direct rather than in ovo 

D D T exposure. T h e y were also concerned w i t h the l eve l o f corticosterone response rather than 

the rate o f response. T h e f i n d i n g s i n th is s tudy seem to be n o v e l and deserve further 

invest igat ion. 

W h i l e D D T s have been shown to inf luence several aspects o f the i m m u n e system i n a 

var ie ty o f species , i n c l u d i n g b i rds , and in ovo exposures m a y resul t i n mor ta l i ty , r educed 

ha tchab i l i ty , was t ing syndrome, skele ta l abnormal i t i e s , and i m p a i r e d di f ferent ia t ion o f the 

reproductive and nervous systems i n offspring (Fry , 1995; Jefferies, 1971; Banerjee et a l . , 1996). 

T h i s s tudy, h o w e v e r , r evea led no ev idence that i n cap t ive O k a n a g a n rob ins , the w a s t i n g 

syndrome, parasite infect ions, and morta l i ty were related to c o m p r o m i s e d immunocompetence 

due to in ovo D D T exposure. 

In 1998, b l o o d lead levels were assayed i n 10-day o l d r o b i n nest l ings and O k a n a g a n 

robins had s ignif icant ly higher b l o o d lead than L o w e r M a i n l a n d birds . L e a d has been s h o w n to 
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increase suscept ibi l i ty to infect ious agents and impa i r bo th ce l l -media ted and humora l i m m u n i t y 

( G r a s m a n & Scan lon , 1995; L e e et a l . , 2002) . H o w e v e r , G r a s m a n and S c a n l o n (1995) also 

conc luded that i n Japanese qua i l , lead suppressed ant ibody-mediated i m m u n i t y o n l y at dosages 

that also caused c l i n i c a l lead po i son ing . Fa i r and R i c k l e f s (2002), c o m b i n i n g dos ing lead w i t h 

an i m m u n o l o g i c a l chal lenge, also found that lead d i d not affect an t ibody p roduc t ion or c e l l -

media ted i m m u n e response i n Japanese qua i l . I n the r o b i n study, b l o o d lead levels were not 

correlated w i t h whi te b l o o d c e l l ratios, hematocri ts , or t hy ro id hormone levels . There was also 

no relat ionship between b l o o d lead l eve l and parasite/disease infect ion. Therefore, there is no 

evidence i n this study that b l o o d lead levels found i n the Okanagan bi rds was affecting their 

immunocompetence . 

B y e l im ina t ing alternative hypotheses, this study strengthened the no t ion put for th i n 

Chapter III, that L o w e r M a i n l a n d and Okanagan robins are genet ica l ly different, and that the 

di f ference be tween the t w o i n disease/parasi te su scep t ib i l i t y was m a i n l y because o f the 

adaptabili ty o f L o w e r M a i n l a n d robins to l oca l parasite and disease vectors. 
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Chapter V I 

General Discussion 

T h e g o a l o f th i s s tudy was to e x a m i n e whe the r in ovo and ear ly exposure to 

dichlorodiphenyl t r ichloroethane ( D D T ) have any de layed or long- term effects o n the g rowth and 

s u r v i v a l , i m m u n e response, behavior , reproduct ive success, and stress response o f A m e r i c a n 

robins (Turdus migratorius). T h i s was done by compar ing contaminated Okanagan birds w i t h 

uncontaminated L o w e r M a i n l a n d controls , and corre la t ing con tamina t ion levels o f Okanagan 

eggs w i t h a number o f parameters i n their c lu tch mate(s). The des ign o f the study was based o n 

three assumptions: 1) that the Okanagan and L o w e r M a i n l a n d b i rds were o f s i m i l a r genetic 

background, 2) the leve l o f contaminat ion i n a l l the eggs i n a c lu tch was s imi la r , and 3) among 

Okanagan birds, parental care and post-hatch D D T exposure (from hatching to about ten-days o f 

age) were not significant variables. 

A l t h o u g h A m e r i c a n robins were once raised as pets ( H o w e l l , 1942) and are used for short 

t e rm capt ive studies (e.g. W e l l e h a n et a l , 2 0 0 1 ; R ich te r et a l , 2000; L e v e y & K a r a s o v , 1992; 

W o n g & Desser, 1978), this study is the first to conduct l o n g term observations and l i k e l y the 

first to report large-scale successful breeding o f these birds i n capt iv i ty , demonstrat ing that the 

A m e r i c a n r o b i n can be u t i l i z e d as a non-domest ica ted passerine m o d e l for l o n g term, m u l t i -

generation tox ico logy studies. 

6.1 Egg Contaminants 

A m e r i c a n r o b i n eggs f rom orchard areas i n the Okanagan V a l l e y o f B r i t i s h C o l u m b i a 

conta in h i g h levels o f D D T and its metaboli tes (E l l i o t t et a l . , 1994; G i l l et a l . , 2003) . E g g s 

co l l ec ted f r o m the O k a n a g a n for this study i n 1997 and 1998 demonstrated total D D T leve ls 

ranging f rom 5.71 to 277.62 ug/g , as compared to levels o f 0.36 to 3.39 p.g/g i n eggs co l lec ted 

from control areas o f the B r i t i s h C o l u m b i a L o w e r M a i n l a n d . The majori ty o f the contaminant 

b u r d e n f o u n d i n O k a n a g a n r o b i n e g g s c o m e s f r o m the m e t a b o l i t e p , p ' -

d ich lorodiphenyld ich loroe thylene ( D D E ) , but d ich lorodiphenyld ich loroe thane ( D D D ) , the other 

m a i n metaboli te o f D D T , was also found. P a r a , p a r a ' - D D E is cons idered the f ina l b r e a k d o w n 

product o f D D T i n l i v i n g b i rds (Po land et a l . , 1972), and i t tends to be lost quite s l o w l y (S t i cke l , 

1973). Or tho ,para ' i somers were not found i n any o f the eggs c o l l e c t e d f r o m the L o w e r 
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M a i n l a n d , and on ly trace amounts were found i n the eggs from the Okanagan . Ortho,para ' - D D T 

composes o n l y 10 to 3 0 % o f t echn ica l grade D D T (Jefferies, 1975; M e l l a n b y , 1992; W H O , 

1989) and i t tends to be stored less readi ly and e l imina ted more q u i c k l y than p , p ' - D D T (S t i cke l , 

1973). A s robins l i k e l y get the bu lk o f their contaminant loads f r o m the foods they eat, the 

unequal concentrations o f the var ious isomers and metaboli tes m a y also be in f luenced b y D D T 

metabo l i sm w i t h i n their invertebrate prey species. Ea r thworms , i n part icular, have been s h o w n 

to p lay a role i n the in i t i a l degradation o f D D T by conver t ing i t to D D E and D D D (Edwards & 

Jeffs, 1974; G i s h & Hughes , 1982). These differences i n the levels o f the var ious forms o f D D T 

are important as different i somers and metaboli tes have been s h o w n to have different effects 

(Sohoni & Sumpter, 1998; Sonnenshein & Soto, 1998). 

A s expected, rob in eggs f rom orchards i n the Okanagan had s ignif icant ly higher levels o f 

D D T s than those col lec ted f rom reference sites w i t h i n the L o w e r M a i n l a n d . The residue levels 

found i n these eggs were surpr is ingly h i g h cons ider ing D D T has not been used i n the Okanagan 

for approximate ly thir ty years, but were s imi l a r to leve ls found i n other studies o f Okanagan 

birds (E l l i o t t et a l . , 1994; G i l l et a l . , 2002; Har r i s et a l . , 2000) . A l s o surpr is ing, were the l o w 

D D E to D D T ratios found i n the eggs from both the Okanagan and the L o w e r M a i n l a n d . These 

ratios c o n f i r m the v i e w that D D T degrades very s l o w l y ( C o l b o r n et a l . , 1993; M u r p h y , 1980; 

Repetto & B a l i g a , 1996). The Okanagan l i k e l y serves as a D D T s ink or hot-spot due to heavy 

his tor ical use (E l l io t t et a l . , 1994; G i l l et a l . , 2003; Harr i s , 2000) . It has been predicted that ratios 

shou ld exceed 20:1 f o l l o w i n g 15 to 20 years wi thout D D T appl ica t ion (E l l i o t t et a l . , 1994), but 

this was not found i n the present study. 

A l t h o u g h the highest levels o f contaminat ion i n the rob in eggs came f rom D D T s , these 

birds were also exposed to a variety o f other current-use and h is tor ica l chemica ls . F o r example , 

l ead arsenate was used extens ively as a pest ic ide p r io r to the in t roduct ion o f D D T . O n e o f the 

w a y s lead exerts its t o x i c effects is by act ing as a po rphyr inogen ic agent caus ing defect ive 

h e m o g l o b i n i z a t i o n and anemia ( B u n y a n & Stanley , 1982). T h e organochlor ines , ch lordane , 

heptachlor, mi rex , a ldr in , and d ie ld r in were banned many years ago but s t i l l show up i n soils and 

an ima l tissues. Other organochlor ines such as endosulfan, d i c o f o l , l indane, and me thoxych lo r 

are currently i n use (Cr i sp et a l . , 1998). A p p e n d i c e s I and II l is t the organochlor ine chemica l s 

evaluated for this study. A s i d e from the D D T s , the o n l y organochlor ines found at appreciable 

l eve l s i n the r o b i n eggs were cis- and tr an s-nonachlor and t r is(4-chlorophenyl)methanol 

( T C P M ) . Cis- and tomy-nonachlor are components o f the c y c l o d i e n e pes t ic ide chlordane . 

T C P M is a re la t ive ly n e w l y d i scovered organochlor ine that has been found i n a number o f 
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species. Its or ig ins are not clear, however , it is be l i eved to be an impur i ty i n D D T (de Boe r , 

2000) . A number o f organochlor ine pesticides have been l i n k e d to increased morta l i ty , reduced 

rep roduc t ive success , a l tered i m m u n e func t i on ing , and other de t r imenta l effects i n b o t h 

laboratory and w i l d l i f e studies (Banerjee et a l . , 1996; Barnett & Rodgers , 1994; B l u s & H e n n y , 

1997; M u r p h y , 1980; S t i cke l , 1973; Street, 1981; Thomas , 1975; V o c c i a e t a l . , 1999). 

A l t h o u g h not in tent ional ly released into the environment , po lych lo r ina ted b iphenyls are 

ubiqui tous contaminants that have been shown to have a number o f detr imental effects o n birds 

and other animals . Po lych lo r ina t ed b iphenyls can inf luence t h y r o i d glands and hormones , the 

i m m u n e sys tem, the thymus , the l i ve r , t h y r o i d func t ion ing , and a var ie ty o f other systems 

( B u n y a n & Stanley, 1982; Cheek et a l . , 1999; Fernie et a l . , 2001 ; H o f f m a n et a l . , 1996; Jefferies, 

1975). The most tox ic polychlor ina ted b ipheny l congeners are po lychlor ina ted b ipheny l 126, 77, 

and 169 (Hof fman et a l . , 1996). A number o f po lychlor ina ted b ipheny l congeners, as w e l l as the 

po lych lo r ina ted b i p h e n y l mix ture A r o c l o r 1260 were measured i n the r o b i n eggs co l lec ted for 

this study ( A p p e n d i c e s I and II). A l t h o u g h n o n - D D T organochlor ines and p o l y c h l o r i n a t e d 

b iphenyls were found i n l o w levels , it cannot be ru led out that some o f these chemica ls may exert 

an effect at ve ry l o w concentrat ions and/or they m a y interact w i t h the D D T s (Fos s i , 1998; 

S t i cke l , 1973). 

The majori ty o f insect icides used today are organophosphates and carbamates. B o t h o f 

these c h e m i c a l classes act by i n h i b i t i n g chol inesterase ac t iv i ty ( B u n y a n & Stanley , 1982). 

A l t h o u g h these chemica ls are m u c h less persistent than the organochlor ines , many o f them are 

considered h igh ly tox ic , w i t h LD50 levels less than 25 m g / k g i n several species o f b i rds (F lue tsch 

& Spar l ing , 1994; M u r p h y , 1980). Cholinesterase i nh ib i t i on greater than 2 0 % is ind ica t ive o f 

exposure, w h i l e inh ib i t ion greater than 5 0 % can be lethal ( G i l l et a l . , 2000) . A s these chemica ls 

are often app l ied dur ing the breeding season they can reduce reproduct ion and recruitment by 

increas ing morta l i ty , a l ter ing adult behavior , or decreasing food supplies (F lue tsch & Spar l ing , 

1994; G i l l et a l . , 2000 ; G r a h a m & DesGranges , 1993; Patnode & W h i t e , 1991; R o n d e a u & 

DesGranges , 1995; Thomas , 1975). They may also inf luence the i m m u n e system (Banerjee et 

a l . , 1996; Barnett & Rodgers , 1994; Street, 1981; V o c c i a et a l . , 1999), the t hy ro id g land and its 

func t ion ing ( B i s h o p , V a n D e r K r a a k et a l . , 1998; M a y n e et a l . , 2002) , and other systems. 

A l t h o u g h not measured i n this study, the organophosphates az inphos -me thy l (Gu th ion ) and 

d i a z i n o n , and the carbamate ca rbary l (Sev in ) , a m o n g others, were sprayed i n the O k a n a g a n 

orchards f rom w h i c h the r o b i n eggs and nest l ings were co l lec ted . E g g s and ch i cks were not 
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col lected o n spraying days, but may have been exposed to these pesticides just p r ior to co l l ec t ion 

( L . W i l s o n , personal communica t ion) . 

B i r d s and other animals are rarely exposed to a s ingle c h e m i c a l , but rather mixtures o f 

them (B i shop , Boermans et a l . , 1998; M c A r t h u r et a l . , 1983; T y l e r et a l . , 1998; V o s et a l , 2000) . 

A variety o f other substances were also sprayed i n the Okanagan orchards, such as dormant o i l , 

fer t i l izers , g rowth hormones, and herbicides . A l l o f these c o u l d have potential impacts o n the 

robins, either direct ly ( toxici ty) or indirect ly (reduced food supply or cover) . 

6.2 Similarities and Differences Between the Lower Mainland and Okanagan Robins 

D u r i n g the course o f the study, many differences be tween the O k a n a g a n and L o w e r 

M a i n l a n d robins were observed (see Table 6-1 for summary) . Because not a l l o f the parameters 

were measured i n the same ind iv idua l s and at the same age, and because o f s m a l l sample sizes 

(e.g., for many parameters, c lu t ch or b rood were used to a v o i d psuedo-repl icat ion) , it was often 

not poss ible to integrate the in o v o D D T levels into a regression analysis . Thus , corre la t ional 

analyses us ing the i n d i v i d u a l D D T isomers were conducted. These analyses were based o n the 

assumpt ion that the l eve l o f contaminat ion i n a l l the eggs i n a c lu t ch was s imi la r . W h i l e most 

previous studies also f o l l o w e d this assumption, there have been suggestions that contaminant 

loads m a y va ry be tween eggs w i t h i n a c lu t ch ( O h l e n d o r f et a l . , 1985; Ot t inger et a l . , 2001) . 

A l t h o u g h occas iona l ly more than egg was co l l ec ted f rom a nest for this study, contaminant 

analyses were on ly conducted o n one egg per nest. Therefore, compar isons w i t h i n a c lu tch were 

not possible. Signif icant correlations are surnrnarized i n Table 6-2. 

6.2.1 E g g and C h i c k Measurements 

A l t h o u g h a l l o f the eggs col lec ted for this study were w i t h i n the size ranges described by 

H o w e l l (1942) , females f r o m the L o w e r M a i n l a n d l a i d heav ie r and w i d e r eggs than their 

Okanagan counterparts. A m o n g the Okanagan females, egg size was pos i t ive ly correlated w i t h 

their in o v o D D T exposure. The occurrence o f larger eggs be ing l a i d by more contaminated 

females m a y be related to the estrogenic effects ( W i l l i a m s , 1999) o f var ious D D T s (Fry , 1995; 

Sohon i & Sumpter, 1998; Ty l e r , 1998), however , this does not account for the fact that L o w e r 

M a i n l a n d females, as a who le , l a id even larger eggs. There are a number o f factors that can p lay 
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Table 6-1: Significant differences found between Lower Mainland and Okanagan birds 

and eggs in 1997 and 1998. 

Chapter Parameter Effect 

III o,p' isomers found on ly i n Okanagan eggs 

egg l i p i d levels L o w e r M a i n l a n d > Okanagan 

10 day midd le toe length L o w e r M a i n l a n d > Okanagan 

body weight at 2 months Okanagan > L o w e r M a i n l a n d 

body weight at 7-9 months L o w e r M a i n l a n d > Okanagan 

tarsus length at 2 months L o w e r M a i n l a n d > Okanagan 

tarsus length at 5 months L o w e r M a i n l a n d > Okanagan 

white b l o o d c e l l ratios at 10 days L o w e r M a i n l a n d > Okanagan 

cocc id ios i s infections Okanagan > L o w e r M a i n l a n d 

juven i l e deaths Okanagan > L o w e r M a i n l a n d 

heart weight at sacrifice Okanagan > L o w e r M a i n l a n d 

IV males f ledging ch icks L o w e r M a i n l a n d > Okanagan 

egg weight L o w e r M a i n l a n d females > Okanagan females 

egg w i d t h L o w e r M a i n l a n d females > Okanagan females 

offspring tarsus length at 5 days Okanagan females > L o w e r M a i n l a n d females 

offspring w i n g length at 5 days Okanagan females > L o w e r M a i n l a n d females 

offspring deaths at nest l ing stage L o w e r M a i n l a n d females > Okanagan females 

offspring body weight at sacrifice same type parents > different type parents 

offspring bra in weight at sacrifice different type parents > same type parents 

offspring k idney weight Okanagan x Okanagan parents heaviest 

offspring l ive r weight Okanagan x Okanagan parents heaviest 

d r ink ing behavior Okanagan > L o w e r M a i n l a n d 

preening behavior same type pairs > different type pairs 

c h u k k i n g vocal iza t ions different type pairs > same type pairs 

V egg D D T levels Okanagan > L o w e r M a i n l a n d 

10 day t r i iodothyronine levels Okanagan > L o w e r M a i n l a n d 

10 day white b l o o d c e l l ratios L o w e r M a i n l a n d > Okanagan 

corticosterone levels t ime 0 L o w e r M a i n l a n d > Okanagan 
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corticosterone levels t ime 5 L o w e r M a i n l a n d > Okanagan 

b l o o d lead levels Okanagan > L o w e r M a i n l a n d 

mycoplasmos i s infections Okanagan > L o w e r M a i n l a n d 

tapeworms and nematodes Okanagan > L o w e r M a i n l a n d 

midd le toe length 10 days L o w e r M a i n l a n d > Okanagan 

l iver weight at sacrifice Okanagan > L o w e r M a i n l a n d 

k idney weight at sacrifice Okanagan > L o w e r M a i n l a n d 
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Table 6-2: Significant correlations between Okanagan egg contaminant levels and other 

parameters. 

DDT Direction of 

Isomer/Metabolite Parameter Correlation 

Chapter III 

o,p'-DDD egg l i p i d levels negative 

p,p'-DDE 10 day body weight posi t ive 

p,p'-DDT post-breeding white b l o o d c e l l ratios posi t ive 

p,p'-DDE gonad weight at sacrifice negative 

o,p'-DDT oviduct weight at sacrifice posi t ive 

Chapter IV 

p,p'-DDT egg weight posi t ive 

p,p'-DDD egg length posi t ive 

p,p'-DDE egg length posi t ive 

p,p'-DDT egg w i d t h posi t ive 

o,p'-DDT egg w i d t h posi t ive 

p,p'-DDT t r i iodothyronine levels , per iod 12 negative 

o,p*-DDT thyroxine levels , pe r iod 4 posi t ive 

o,p'-DDD thyroxine levels , pe r iod 4 posi t ive 

o,p'-DDT thyroxine levels , pe r iod 6 negative 

p,p'-DDE snapping posi t ive 

p,p'-DDD overa l l vocal iza t ions posi t ive 

p,p'-DDT laughing negative 

o,p'-DDT "other" vocal iza t ions posi t ive 

o,p'-DDD "other" vocal iza t ions posi t ive 

o,p'-DDE "other" vocal iza t ions posi t ive 

p,p'-DDE eating posi t ive 

p,p'-DDT f l y ing (frequency) posi t ive 

p,p'-DDE f l y ing (frequency) posi t ive 

p,p'-DDT f l y ing (proportion) posi t ive 

p,p'-DDE f l y ing (proportion) posi t ive 
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Chapter V 

o,p'-DDT j uven i l e hematocrits posi t ive 

o,p'-DDE j uven i l e hematocrits posi t ive 

p,p*-DDE j uven i l e hematocrits negative 

p,p'-DDD 10 day white b l o o d c e l l ratios negative 

p,p'-DDT post-breeding whi te b l o o d c e l l ratios posi t ive 

p,p'-DDT corticosterone levels , t imes 5 and 10 posi t ive 

o,p'-DDT corticosterone levels , t imes 5 and 10 posi t ive 

o,p»-DDE corticosterone levels , t imes 5 and 10 posi t ive 

p,p'-DDE 10 day body weight posi t ive 

p,p'-DDE 10 day w i n g length negative 

p,p'-DDE ga l l bladder weight at sacrifice negative 
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a ro le i n egg size i n c l u d i n g genetics, female c o n d i t i o n (S ty r sky et a l . , 2002) , and i n d i v i d u a l 

differences ( W i l l i a m s , 1999). 

F e w differences were found i n the morphomet r i c measurements o f the Okanagan and 

L o w e r M a i n l a n d robins and their offspring. Okanagan ch icks col lec ted i n 1997 had s ignif icant ly 

shorter midd le toes than the 1997 L o w e r M a i n l a n d birds and both groups col lec ted i n 1998, and 

the y o u n g o f Okanagan females had longer tarsi and w ings at f ive-days-of-age. N o n e o f these 

differences persisted into adul thood. W h i l e some o f this d iscrepancy m a y be due to changes i n 

measur ing pract ices or i n the people conduc t ing the measurements , it is a lso poss ib le that 

envi ronmenta l condi t ions or parental care p l ayed a role . B o d y weights and w i n g measurements 

were s imi l a r to those reported by H o w e l l (1942), a l though tarsus lengths i n this study were 

s l ight ly larger. The majori ty o f studies do not report toe lengths, so the s ignif icance o f this size 

difference is not clear. 

It is poss ible that in ovo D D T exposure inf luenced the g rowth o f the Okanagan ch i cks . 

F o r example , body weight at ten days o f age was pos i t ive ly correlated w i t h p , p ' - D D E egg levels 

and w i n g length was negat ively correlated w i t h p , p ' - D D D i n the 1997 Okanagan birds . These 

birds also showed a delay i n their tarsus g rowth relat ive to the L o w e r M a i n l a n d controls . It is 

not possible , unfortunately, to separate the effects o f contaminant exposure f rom that o f parental 

care, genetics, and other factors, so one can not be certain what role D D T p layed i n the g rowth o f 

these birds. 

O v e r a l l , the male to female ratio o f the ch icks co l lec ted i n 1997 and 1998 was 0.76 for 

the L o w e r M a i n l a n d birds and 1.15 for the Okanagan birds, w h i c h is not a s ignif icant difference. 

There were also no s ignif icant differences i n the sex ratios o f the offspr ing o f the 1997 bi rds . 

L o w e r M a i n l a n d females had a male to female ratio o f 0.81 whereas Okanagan females showed a 

1.56 ratio. Sex ratios i n the w i l d are not w i d e l y reported (Sal labanks & James, 1999), however , 

Y o u n g (1955) suggested that the average is 1:1. A l t h o u g h D D T m a y f e m i n i z e and D D E 

demascul in ize birds , this was l i k e l y not an issue i n this study as most o f the ch icks were sexed 

genet ica l ly and the f e m i n i z i n g / d e m a s c u l i n i z i n g effects o f D D T and D D E most l i k e l y act o n 

sexual differentiation o f the brain , gonads, and secondary sexual characteristics, not o n the genes 

themselves ( M c L a c h l a n & A r n o l d , 1996). Comple te sex reversal has also not been witnessed i n 

any b i rd species studied (Fry & Toone , 1981). 
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6.2.2 Behav io r and Reproduc t ion 

In Chap te r III it was repor ted that the 1997 O k a n a g a n and L o w e r M a i n l a n d b i rds 

d isp layed no significant differences i n their abil i t ies to b u i l d nests, lay eggs, hatch eggs, or fledge 

c h i c k s . T h e t i m i n g o f r eproduc t ive events was also s i m i l a r be tween the t w o groups and 

p rev ious ly studied birds ( G i l l et a l . , 2003 ; K e m p e r , 1971). The reproduct ive success o f these 

rob ins i m p r o v e d d rama t i ca l l y d u r i n g their second b reed ing season. T h i s m a y be due to 

experience, changes i n the pens, different mates, and/or environmental condi t ions . 

F e w differences were found i n the behaviors o f the 1997 L o w e r M a i n l a n d and Okanagan 

b i rds . O k a n a g a n bi rds drank more frequently than L o w e r M a i n l a n d b i rds , same type pairs 

( L o w e r M a i n l a n d x L o w e r M a i n l a n d , Okanagan x Okanagan) preened more than different type 

pairs ( L o w e r M a i n l a n d x Okanagan , Okanagan x L o w e r M a i n l a n d ) , and different type pairs 

e x h i b i t e d m o r e c h u k k i n g v o c a l i z a t i o n s than same type pa i rs . T h e impor t ance o f these 

differences, however , is unclear. W h i l e d r i n k i n g and preening have obv ious su rv iva l benefits, 

the purpose o f c h u k k i n g has not been w e l l established. It is also not k n o w n i f excessive displays 

o f these behaviors indicate bo redom or frustration, or ac tual ly represent dehydra t ion , feather 

parasites, or other condi t ions. 

Desp i te the fact that there were f ew differences be tween the t w o groups, w i t h i n the 

Okanagan birds several behaviors were s ignif icant ly correlated w i t h in ovo D D T exposure. The 

fact that some o f the most h igh ly contaminated birds demonstrated h i g h frequencies o f certain 

behaviors (e.g., nest b u i l d i n g , mount ing) suggests that there m a y be threshold leve ls b e l o w 

w h i c h r o b i n behavior is not affected. These thresholds l i k e l y vary depending o n sex, age, the 

behavior tested, and even i n d i v i d u a l differences. In order to test this, one w o u l d need sufficient 

sample sizes o f birds w i t h s imi la r contaminant levels or treat birds or eggs w i t h D D T s i n order to 

examine dose-response curves. 

6.2.3 Hormones 

A l t h o u g h Okanagan birds had higher t r i iodothyronine levels than their L o w e r M a i n l a n d 

counterparts at ten days o f age, no significant differences i n p lasma t r i iodothyronine or thyroxine 

were found at any other age tested. There were also no signif icant correlations w i t h in ovo D D T 

exposure for the Okanagan ch icks . T h e Okanagan ch icks m a y have been exper ienc ing a m i l d 

hyper thyro id i sm, as seen i n other species exposed to a variety o f D D T dosages (Jefferies, 1975). 

A l t h o u g h thy ro id hormones p lay a role i n g rowth (Bolander , 1994; N e l s o n , 2000; S i n g h et a l . , 

1968) and i m m u n i t y (Jefferies, 1975), among other processes, these were not sys temat ica l ly 

tested. There were , however , s igni f icant differences across the test ing per iods , w h i c h is not 
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surpr is ing g i v e n that t h y r o i d hormone levels can va ry d ramat ica l ly over t ime ( W e n t w o r t h & 

Ringer , 1986). 

Cort icosterone levels were evaluated i n the 1998 birds dur ing a restraint stress challenge. 

P l a s m a levels o f corticosterone were s ignif icant ly lower i n the Okanagan birds than i n the L o w e r 

M a i n l a n d b i rds d u r i n g the f i rs t f i ve minu tes o f the test. T h i s suggests that base l ine 

cor t icos terone concentra t ions were l o w e r i n the O k a n a g a n b i rds . B o t h groups , h o w e v e r , 

d i sp layed s imi la r peaks i n corticosterone at 30 minutes. It is not clear w h y the Okanagan birds 

had l o w e r cor t icosterone levels at the b e g i n n i n g o f the test. It m a y be related to genetic 

differences or perhaps D D T exposure. Cor t icos te rone leve ls at five and ten minutes were 

pos i t ive ly correlated w i t h both p , p ' - D D T and o , p ' - D D T exposure. H o w m u c h o f the measured 

corticosterone is bound, rather than free, is also not k n o w n and c o u l d be in f luenc ing these group 

differences. 

6.2.4 Immuni ty 

I m m u n e response was tested u s i n g d i f fe ren t ia l w h i t e b l o o d c e l l counts and the 

p h y t o h e m a g g l u t t i n i n s k i n test. A t ten days o f age, L o w e r M a i n l a n d c h i c k s had h ighe r 

eosinophi l /heterophi l to lymphocyte /monocyte ratios than Okanagan birds. A s these ratios were 

negat ively correlated w i t h p , p ' - D D D levels , it is poss ible that in ovo exposure p l ayed a ro le i n 

this effect. Whether or not the Okanagan birds were at a disadvantage i n terms o f i m m u n e 

response can not be determined f rom this test, as lymphocy te and heterophil numbers increase i n 

response to different infect ious agents (S iege l , 1980). T h e higher levels o f lymphocy tes i n the 

Okanagan birds m a y have made them more resistant to v i r a l infections but more susceptible to 

bac ter ia l i n v a s i o n . T h e he te rophi l to l y m p h o c y t e ratio quant if ies the balance be tween the 

nonspeci f ic , fast-acting defenses o f heterophils and the antigen-specif ic , s lower act ing defenses 

o f lymphocytes (Grasman et a l . , 1996). N o significant differences i n white b l o o d c e l l ratios were 

found between the birds w h e n they were tested as juven i l e s or adults. There were, nonetheless, 

differences be tween the different test ing per iods . B o t h j u v e n i l e s and adults demonstrated 

dramat ica l ly l ower whi te b l o o d c e l l ratios than they d i d as nest l ings. These age differences are 

l i k e l y the result o f n o r m a l changes i n the i m m u n e system (Smits & W i l l i a m s , 1999; Sturkie & 

Gr iminge r , 1986). 

T h e p h y t o h e m a g g l u t i n i n s k i n test reflects a c o m p l e x series o f p h y s i o l o g i c a l events 

(Grasman et a l . , 1996; L o c h m i l l e r et a l . , 1993). The de layed (24 hour) response tested here is 

due to a l o c a l i n f lux o f T ce l l s recrui t ing inf lammatory cel ls to the chal lenge site (Parmentier et 
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a l , 1998; Smits et a l . , 1999). A l t h o u g h G r a s m a n et a l . (1996) found a decrease i n w i n g index 

measurements w i t h increasing D D E levels i n gul l s and terns, the robins i n this study showed no 

differences i n response, despite their h i g h levels o f D D E exposure. T h i s was true both o f the 

1998 juven i l e s and the 1997 adult males . It is poss ible that in ovo contaminat ion had no effect 

o n T lymphocy te media ted immun i ty i n these birds. H o w e v e r , as dexamethasone treatment d i d 

not inf luence the phy tohemagglu t in in response o f the 1998 pos i t ive controls , it is poss ible that 

this part icular immune test is not appropriate for robins. 

Hema toc r i t va lues were not s ign i f i can t ly different be tween the L o w e r M a i n l a n d and 

Okanagan bi rds w h e n they were nest l ings or j uven i l e s . V a l u e s were , however , s ign i f ican t ly 

h ighe r i n the b i rds w h e n they were j u v e n i l e s than w h e n they were t en -day-o ld nes t l ings . 

S ign i f i can t corre la t ions w i t h egg contaminants were found i n the b i rds as j u v e n i l e s , w h i c h 

suggest that D D T exposure has the potential to impact packed red b l o o d c e l l vo lumes . 

Okanagan robins appeared to be far more susceptible to infectious disease than the L o w e r 

M a i n l a n d b i rds . In 1997, 13 Okanagan bi rds d i e d as a result o f starvation, l i k e l y due to the 

in tes t inal c o c c i d i o s i s parasites Eimeria and Isospora. N o n e o f the L o w e r M a i n l a n d b i rds , 

housed under the same condi t ions, were affected. T w o o f the infected birds were shown to carry 

protozoan b l o o d parasites (Leucocytozoon). I n 1998, eight L o w e r M a i n l a n d and 46 Okanagan 

b i rds were treated for infec t ions caused by Mycoplasma gallisepticum and/or Mycoplasma 

synoviae. One L o w e r M a i n l a n d and four Okanagan birds were suspected o f hav ing aspergi l losis 

(Aspergillus fumigatus), and tapeworms and unident i f ied nematodes were d iscovered i n several 

birds, especial ly those f rom the Okanagan. 

Capt ive birds are prone to a number o f diseases and parasites, and one w o u l d expect that 

a l l the birds w o u l d be equal ly susceptible. It is possible that Okanagan birds succumbed to these 

infections more readi ly because their early D D T exposure compromised their immune systems i n 

some w a y that was not readi ly apparent g i v e n the tests used i n this study. Genet ic differences 

m a y also have p layed a role. A s the birds were a l l raised i n the L o w e r M a i n l a n d , it m a y be that 

the Okanagan birds d i d not have the abi l i ty to cope w i t h the part icular infectious agents found i n 

this area. The L o w e r M a i n l a n d birds, i n contrast, may have developed immuni t ies to them over 

success ive generations. Perhaps i f the b i rds had been ra i sed i n the Okanagan , the L o w e r 

M a i n l a n d birds w o u l d have been more susceptible. A s a l l o f the birds were juven i les at the t ime 

o f infect ion, they m a y have been less able to mount adequate i m m u n e responses than i f they had 

become infected as adults. It is not k n o w n i f these infections or the B a y t r i l treatments inf luenced 

other aspects o f the study. 
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6.2.5 M o r t a l i t y and Tissue Weigh t s 

Cause o f death for many o f the birds i n this study was not determined. N e a r l y 3 7 % o f the 

birds that were co l lec ted i n 1997 su rv ived un t i l the t ime o f sacrif ice i n 2000 , whereas the rest 

d ied as a result o f accidents, depredation, disease (coccidios is ) , or u n k n o w n causes. Rats (Rattus 

norvegicus) were the m a i n predators i n the rob in pens, and accidental deaths inc luded drownings 

i n water dishes, compl ica t ions dur ing b l o o d sampl ing , and a variety o f other misfortunes. There 

were s ign i f i can t differences i n cause and age o f death be tween the L o w e r M a i n l a n d and 

Okanagan b i rds , l i k e l y due to the starvat ion deaths o f j u v e n i l e Okanagan birds . In ovo D D T 

levels d i d not seem to influence either cause or age o f death. 

The birds co l lec ted i n 1998 were sacr i f iced less than s ix months after be ing taken into 

cap t iv i ty , so it is not surpr is ing that more than 9 0 % o f them su rv ived to the t ime o f sacrif ice. 

Three o f the birds i n this group d ied o f u n k n o w n causes, four were euthanized due to debi l i ta t ing 

injuries, and one Okanagan b i rd is be l ieved to have d ied as a result o f a m y c o p l a s m a infect ion. 

A m o n g the of fspr ing hatched by the 1997 bi rds , more L o w e r M a i n l a n d females than 

Okanagan females had ch icks die w i t h i n the first two weeks post-hatch. A g a i n , cause o f death 

was often not k n o w n . C h i c k s that disappeared were l i k e l y depredated by rats. Severa l ch icks 

demonstra ted bruises and w o u n d s . A l t h o u g h predators m a y have i n f l i c t e d these injur ies , 

predators w o u l d more l i k e l y carry the c h i c k away and eat it. One male was wi tnessed shaking 

and b i t ing his offspring, and some females were seen p e c k i n g at young i n the nest. Thus , at least 

some o f these injuries m a y have been due to parental aggression. It is not k n o w n for sure h o w 

many o f the injuries were incurred pr ior to as opposed to after death nor w h y the parents behaved 

so aggressively. 

Hear t weights , and to some extent l i v e r weights , were h igher i n 1997 O k a n a g a n bi rds 

than i n the L o w e r M a i n l a n d b i rds . T h e gonads o f O k a n a g a n b i rds f r o m h e a v i l y p , p ' - D D E 

contaminated nests were l ighter than those from less contaminated nests, whereas oviducts were 

heavier i n birds f rom nests w i t h h i g h levels o f o , p ' - D D T . A s p , p ' - D D E is k n o w n to act as an 

anti-androgen (Ga ido et a l . , 1997; K e l c e et a l . , 1995; 1998), it is not surpr is ing that h i g h levels 

w o u l d suppress gonad size, at least i n males . A l t e r e d gonadal morpho logy has been s h o w n i n 

gu l l s and ch i ckens exposed in ovo or d u r i n g deve lopment to D D T s ( B a l a s u b r a m a n i a m & 

Sundarara j , 1993; B u r l i n g t o n & L i n d e m a n , 1950; F r y & T o o n e , 1 9 8 1 ; S t i c k e l , 1973) . 

O r t h o , p a r a ' - D D T and other forms o f D D T , o n the other hand, are estrogen agonists and have 
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been s h o w n to inf luence the female reproduct ive system i n a number o f species (F ry & Toone , 

1981; G a i d o et a l . , 1997; M c L a c h l a n & A r n o l d , 1996; S t i cke l , 1973). 

The l ivers and k idneys o f the 1998 Okanagan birds were heavier than those o f the L o w e r 

M a i n l a n d birds . W h i l e enlarged hearts and l ivers have been l i n k e d to the effects o f D D T o n 

t h y r o i d g l and func t ion ing (Jefferies, 1975), no s igni f icant differences were found i n t h y r o i d 

g land weights . There cou ld , however , have been morpho log ica l differences i n the thy ro id glands 

that were not examined. A l t h o u g h heavier hearts, l ivers , and k idneys i n the Okanagan birds may 

represent genetic differences between the two groups o f birds , the birds col lected i n 1997 d i d not 

exhibi t the same asymmetries as the 1998 birds. A g e may p lay a role i n this year effect, as the 

1997 birds were sacrif iced as adults but the 1998 birds were sacr if iced as juveni les . 

A m o n g the offspr ing o f the 1997 birds , the y o u n g o f Okanagan parents tended to have 

heavier k idneys than those o f L o w e r M a i n l a n d or m i x e d type parents. Same type parents had 

y o u n g w i t h heavier body weights at the t ime o f sacr i f ice , whereas different type parents had 

y o u n g w i t h heavier brains . A l t h o u g h these results suggest parental inf luences o n o f f spr ing 

phys io logy long after the birds have become independent and second generation effects o f early 

contaminant exposure, the sample size was quite s m a l l and i nc luded s ib l ings . Thus , no clear 

conclus ions can be drawn. 

6 . 3 Problems 

L i k e a l l research, this study had its share o f di f f icul t ies . A l t h o u g h not a l l factors can be 

contro l led i n an experiment, there are some things that c o u l d perhaps have been done differently 

and some things that cou ld not be helped. F o r example , the birds i n this study were exposed to a 

variety o f chemica ls i n addi t ion to D D T . It w o u l d be v i r tua l ly imposs ib le to f ind a w i l d species 

that was not previous ly exposed to pesticide contaminat ion to some extent. 

C o l l e c t i n g eggs and c h i c k s f r o m nests i n the w i l d is a t i m e - c o n s u m i n g and cos t ly 

enterprise. These prob lems were exacerbated by the fact that peak egg l a y i n g per iods do not 

occur at the same t ime i n the Okanagan and L o w e r M a i n l a n d ( C a m p b e l l et a l . , 1997). Sample 

sizes m a y not be equal and it may not be possible to a lways get both an egg and ch icks from the 

same nests as a result o f t i m i n g problems, d i f f icu l ty finding the nests, and depredation o f nests. 

A l t h o u g h it w o u l d have been n ice to analyze contaminant levels i n a l l o f the eggs i n d i v i d u a l l y , 

this was not poss ible due to the h i g h costs i n v o l v e d and the fact that very l o w levels o f D D T s 

were expected to be found i n the L o w e r M a i n l a n d eggs. 
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Inconsistencies between years may have p l ayed a role i n some o f the reproduct ion and 

behavior results found i n this study. N o t on ly were the 1997 bi rds inexper ienced dur ing their 

first breeding season, so was the experimenter. Thus , some o f the behaviora l scor ing m a y have 

changed s l igh t ly be tween years. T h e pens underwent major renovat ions p r i o r to the second 

breeding season inc lud ing the e l imina t ion o f the indoor pens, improvements to the outdoor pens 

to ensure more consis tency between pens, and higher v i g i l a n c e against rats. E n v i r o n m e n t a l 

effects such as temperature and weather condi t ions m a y have in f luenced the outcome o f this 

study, but they were not taken into account as both L o w e r M a i n l a n d and Okanagan birds w o u l d 

have been exposed to the same condit ions. 

The o r i g i n a l intent o f this study was to examine the effects o f D D T as an endocr ine 

disruptor . Unfor tuna te ly , there was a m i s c o m m u n i c a t i o n w i t h the laboratory conduc t ing the 

ho rmone assays and the p l a s m a samples were a n a l y z e d for t h y r o i d hormones rather than 

estradiol and testosterone. W h i l e this opened an exc i t ing n e w avenue for research, it required a 

dramatic shift i n the focus o f the study. G i v e n some o f the differences seen i n reproduct ion and 

behavior , it w o u l d have been interesting to relate them to differences i n gonadal hormone levels . 

T h e m a i n p r o b l e m o f conce rn i n this study is the p o s s i b i l i t y that genetic differences 

be tween the L o w e r M a i n l a n d and O k a n a g a n bi rds m a y ove r shadow any effects ear ly D D T 

exposure m a y have had. It is l i k e l y that the L o w e r M a i n l a n d and Okanagan birds represent t w o 

different subspecies o f A m e r i c a n rob in ( A l d r i c h & James, 1991; Sa l labanks & James, 1999). 

W h i l e this m a y be an arbitrary d i s t inc t ion , based o n geographica l l oca t i on and differences i n 

morphomet r i c measurements and p lumage (Sa l labanks & James, 1999), it c o u l d po ten t ia l ly 

account for many o f the differences seen between the t w o groups. It w o u l d be interesting to see 

h o w c lose ly related the two groups are genet ical ly . In order to a v o i d this p rob lem, one w o u l d 

have to dose re la t ive ly c l ean L o w e r M a i n l a n d b i rds w i t h D D T or use o n l y b i rds f r o m the 

O k a n a g a n . E l l i o t t et a l . (1994) c o m p a r e d b i rds f r o m c o n v e n t i o n a l l y managed O k a n a g a n 

orchards that had been treated w i t h D D T to ones f r o m organic orchards that had not been 

exposed to pesticides for at least f ive years. The present study, however , does demonstrate that 

the two sub-species can inter-breed. 

6.4 Implications 

Despi te its shortcomings, this study p rov ided valuable insights into the effects o f D D T s 

o n a m o d e l passerine. The effects o f direct exposure to D D T , i n its var ious forms, have been 
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broadly studied, but studies o n the more long- term, latent effects as seen i n second-generations 

have been sparse. T h i s study indicated that long-term, latent effects do exist but may be subtle, 

and m a y p r i m a r i l y be seen i n h i g h l y contaminated b i rds . A l t h o u g h it is not clear h o w m u c h 

inf luence genet ics had o n the f ind ings presented here, based o n the number o f s ign i f ican t 

correlations w i t h in ovo D D T exposure, it is obvious that D D T s have the potential to p lay a role 

i n several aspects o f these b i rds ' l ives . The robins i n this study are interesting i n that they were 

exposed not o n l y to in ovo con tamina t ion v i a the egg y o l k , but also d i rec t ly th rough their 

inges t ion o f contaminated ear thworms dur ing their first ten days post-hatch. Thus , they m a y 

demonstrate both long- term effects, and as ch icks , re la t ive ly immedia te effects. The long- te rm 

effects o f D D T exposure m a y re ly o n a number o f different mechanisms or pathways. D D T s 

m a y exer t the i r i n f l u e n c e s t h r o u g h the i r a l t e ra t ions o f e n z y m e s , genes , h o r m o n e s , 

neurotransmitters, and other cel ls , result ing i n changes i n the g rowth and development o f organs, 

t issues, and glands. These changes, i n turn, m a y affect su rv iva l , reproduct ion , behavior , and 

other funct ions . A l t e r a t i o n s i n one sys tem can have p r o f o u n d effects o n other systems. 

Therefore, it is u n l i k e l y that the effects early D D T exposure had on these birds can be attributed 

to particular mechanisms. 

O n a p o p u l a t i o n l e v e l , A m e r i c a n rob ins f r o m the O k a n a g a n do not appear to be 

detr imental ly affected by early D D T exposure. T h e y continue to thr ive and reproduce despite 

their h i g h levels o f contaminat ion . Af te r several generations o f D D T exposure, robins i n the 

Okanagan m a y have deve loped a tolerance or resistance to the effects o f D D T , s imi l a r to that 

seen i n other species ( W H O , 1989). T h i s ab i l i ty to accumulate D D T s , however , makes these 

birds potential sources o f secondary po i son ing for their predators, i n m u c h the same way as the 

earthworms they themselves consume. T h i s is especia l ly problemat ic for susceptible raptor ia l 

species such as the peregrine f a l con (Falco peregrinus; D e W e e s e et a l . , 1986; M o r a , 1997). 

D D T levels as l o w as 1 ug/g can be detrimental to peregrines ( M o r a , 1997), and levels found i n 

robins and other prey species are often cons iderably higher than that ( B l u s , 1996; Har r i s et a l . , 

2000) 

A number o f questions have arisen f rom this study that warrant further invest igat ion. F o r 

example , it w o u l d be w o r t h w h i l e to see i f the co l l ec ted tissues f rom these birds s t i l l conta in 

detectable levels o f D D T s . It has been suggested that i n some species it can take up to 988 days 

for 9 5 % o f a bird's body burden o f D D T to be e l iminated (S t i cke l et a l . , 1984). It w o u l d also be 

interesting to determine i f D D T exposure dur ing development in f luenced the h i s to logy o f the 

gonads, b ra in , t h y r o i d , and adrenal g lands , as these are a l l potent ia l targets o f D D T and 
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alterat ions i n their deve lopment can have p r o f o u n d effects o n the a n i m a l throughout l i f e 

( B i e s m a n n & v o n Faber , 1981; F r y & Toone , 1981; Jefferies, 1975; K e l c e et a l . , 1998; L a t i m e r 

& S iege l , 1974; L o r e n z e n et a l . , 1999; P a r m i g i a n i et a l . , 1998; Spyker , 1975). D o s i n g studies 

c o u l d be emp loyed i n order to determine i f there are, i n fact, threshold levels above w h i c h rob in 

behavior , reproduct ion, and other functions are detr imental ly affected. D o s i n g the cont ro l bi rds 

w i t h D D T / D D E or feeding them earthworms f rom the Okanagan w o u l d demonstrate whether a l l 

robins are somewhat immune to the effects o f D D T s or i f this is a trait found o n l y i n birds that 

have been exposed over several decades. 

R a i s i n g the birds i n capt ivi ty a l l o wed for the measurement o f a number o f parameters that 

w o u l d have been ve ry d i f f i cu l t to study i n the f i e l d . E v e n more deta i led studies c o u l d be 

undertaken i n a future capt iv i ty study i n order to moni to r hormone levels , examine behaviors 

such as mate cho ice and aggress ion against intruders , and l o o k at other i m m u n e sys tem 

parameters. A l t h o u g h t ime-consuming , it w o u l d also be interesting to moni tor robins i n the w i l d 

after they have f ledged. A d u l t s and c h i c k s c o u l d be banded and their reproduct ive success 

observed over several years, assuming they return to the same breeding areas. 
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Appendix I 

M e a n organochlor ine and po lych lo r ina ted b i p h e n y l ( P C B ) levels (p.g/g, wet weight ) found i n 

A m e r i c a n rob in eggs col lected f rom the Okanagan and L o w e r M a i n l a n d i n 1997. 

Okanagan+ Lower Mainland1 

n = 31 n = 3 

1,2,4,5-tetrachIorobenzene < 0 .00010(0) < 0 .00010(0) 

1,2,3,4-tetrachlorobenzene < 0 .00010(0) < 0 .00010(0) 

pentachlorobenzene < 0 .00010(0) < 0 .00010(0) 

a-hexachlorocyclohexane < 0 .00010(0) < 0 .00010(0) 

8- hexachlorocyclohexane < 0 .00010(0) < 0 .00010(0) 

y- hexachlorocyclohexane < 0 .00010(0) < 0 .00010(0) 

hexachlorobenzene 0 .00010(1) 0.00053 (2) 

octachlorostyrene < 0 .00010(0) < 0 .00010(0) 

heptachlor epoxide 0.00033 (3) 0.0024 (3) 

oxychlordane 0.00086 (2) 0.0030 (1) 

trans-chlordane < 0 .00010(0) < 0 .00010(0) 

cis-chlordane < 0 .00010(0) < 0 .00010(0) 

trans-nonachlor 0 .0026(11) 0.0022 (3) 

cis-nonachlor 0.0026 (8) 0.0090 (2) 

dieldrin < 0 .00010(0) < 0 .00010(0) 

photomirex < 0 .00010(0) < 0 .00010(0) 

mirex < 0 .00010(0) < 0 .00010(0) 

tris (4-chlorophenyl) 

methanol 
0.055 (15) 0.00070 (1) 

p,p'-DDT 12.08 (31) 0 .14(3) 

p,p'-DDE 51.66 (31) 1.89 (3) 

p,p'-DDD 1.01 (31) 0.0090 (3) 

o,p'-DDT* 0.049 (23) < 0 .00010(0) 

o,p'-DDE* 0.0024 (14) < 0 .00010(0) 
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o,p'-DDD* 0.0025 (15) < 0 .00010(0) 

total organochlorines 64.87 2.05 

trichlorobiphenyls1 0.00029 (3) < 0 .00010(0) 

tetrachlorobiphenyls2 0 .0018(2 ) 0 .0016(1 ) 

pentachlorobiphenyls3 0.021 (31) 0.020 (3) 

hexachlorobiphenyls4 0.043 (31) 0.058 (3) 

heptachlorobiphenyls5 0.032 (31) 0.048 (3) 

octachlorobiphenyls6 0.011 (15) 0.011 (3) 

nonachlorobiphenyls7 0.0040 (4) < 0 .00010(0) 

total PCBs 0.11 0.14 

Aroclor 1260 0 .10(30) 0.092 (3) 

T N u m b e r s in brackets represent the number of samples containing each chemical at levels greater 

than 0.00010 pg/g 

*non-detects replaced with zeros in order to determine means 

'trichlorobiphenyls = P C B 16/32, 17, 18, 22 , 28 , 31 , 33/20 

2tetrachlorobiphenyls = P C B 42 , 44, 47/48, 49, 52, 56/60, 64, 66, 70/76, 74 

3pentachlorobiphenyls = P C B 85, 87, 92, 95, 97, 99, 101/90, 105, 110, 118 

Vxachlorobiphenyls = P C B 128, 130, 137, 138, 141, 146, 149, 151, 153, 156, 157, 158 
5heptachlorobiphenyls = P C B 170/190, 171, 172, 174, 176, 177, 178, 179, 180, 183, 187 

Octachlorobiphenyls = P C B 194, 195, 196/203, 200, 201 , 202 

'nonachlorobiphenyls = P C B 206, 207, 208 
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A p p e n d i x II 

M e a n organochlor ine and po lych lo r ina ted b i p h e n y l ( P C B ) levels ( j ig /g , wet weight ) found i n 

A m e r i c a n rob in eggs col lec ted f rom the Okanagan and L o w e r M a i n l a n d i n 1998. 

O k a n a g a n t 

n = 31 

L o w e r M a i n l a n d 1 

n = 3 

1,2 ,4 ,5- te t rachlorobenzene < 0 .00010(0) < 0 .00010(0) 

1 ,2 ,3 ,4- te t rachlorobenzene < 0 .00010(0) < 0 .00010(0) 

p e n t a c h l o r o b e n z e n e < 0 .00010(0) < 0 .00010(0) 

a - h e x a c h l o r o c y c l o h e x a n e < 0 .00010(0) < 0 .00010(0) 

(3- h e x a c h l o r o c y c l o h e x a n e < 0 .00010(0) < 0 .00010(0) 

y - h e x a c h l o r o c y c l o h e x a n e < 0 .00010(0) < 0 .00010(0) 

h e x a c h l o r o b e n z e n e 0.00045 (8) 0.00088 (2) 

oc t ach lo ros ty rene < 0 .00010(0) 0.00033 (1) 

h e p t a c h l o r epox ide 0.00060 (8) 0.073 (1) 

o x y c h l o r d a n e 0.0010 (5) 0 .0019(1) 

t r a n s - c h l o r d a n e < 0 .00010(0) < 0 .00010(0) 

c i s - c h l o r d a n e < 0 .00010(0) < 0 .00010(0) 

t r a n s - n o n a c h l o r 0.0023 (17) 0.0015 (4) 

c i s - n o n a c h l o r 0.00014 (3) 0.0011 (1) 

d i e l d r i n < 0 .00010(0) < 0 .00010(0) 

p h o t o m i r e x < 0 .00010(0) 0.0043 (1) 

m i r e x < 0 .00010(0) 0.011 (1) 

t r i s ( 4 - c h l o r o p h e n y l ) 

m e t h a n o l 
0.042 (19) 0.00085 (2) 

p , p ' - D D T 6.91 (22) 0.071 (4) 

p , p » - D D E 26.22 (22) 0.85 (4) 

p , p ' - D D D 0.66 (22) 0.0063 (4) 

o , p ' - D D T * 0.046 (20) < 0 .00010(0) 

o , p ' - D D E * 0 .0040(19) < 0 .00010(0) 
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o,p'-DDD* 0.0043 (15) < 0 ,00010(0) 

total organochlorines 33.89 0.95 

trichlorobiphenyls1 < 0 .00010(0) < 0 .00010(0) 

tetrachlorobiphenyls2 < 0 .00010(0) < 0 .00010(0) 

pentachlorobiphenyls3 0.0046 (22) 0.0070 (4) 

hexachlorobiphenyls4 0.0097 (22) 0.028 (4) 

heptachlorobiphenyls5 0.0064 (22) 0.016 (4) 

octachlorobiphenyls6 0.0013 (8) 0.0047 (4) 

nonachlorobiphenyls7 < 0 .00010(0) < 0 .00010(0) 

total PCBs 0.022 0.055 

Aroclor 1260 0.020 (21) 0.039 (4) 

lumbers in brackets represent the number of samples containing each chemical at levels greater 

than 0.00010 pg/g 

*non-detects replaced with zeros in order to determine means 

'trichlorobiphenyls = P C B 16/32, 17, 18, 22, 28, 31 , 33/20 

tetrachlorobiphenyls = P C B 42, 44, 47/48, 49 , 52, 56/60, 64, 66, 70/76, 74 

3pentachlorobiphenyls = P C B 85, 87, 92, 95, 97, 99, 101/90, 105, 110, 118 

hexachlorobiphenyls = P C B 128, 130, 137, 138, 141, 146, 149, 151, 153, 156, 157, 158 

'heptachlorobiphenyls = P C B 1 7 0 / 1 9 0 , 1 7 1 , 1 7 2 , 1 7 4 , 1 7 6 , 1 7 7 , 1 7 8 , 1 7 9 , 1 8 0 , 1 8 3 , 1 8 7 

Octachlorobiphenyls = P C B 194, 195, 196/203, 200, 201 , 202 

'nonachlorobiphenyls = P C B 206, 207, 208 


