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'of the -infection ociors in the m1d canopy 1evels of the forest

'Ceratopogon1dae) firom three test 51tes'1n Newfoundland' ver1f1es that

. An extensive survey of 14;360 North American'birds showing

.vtheir'barasite prevalencefand a study of Newfound]and-ornithophi]ic
Diptera to determine the incidence of hematozoa in the local

_avifauna is presented. o o

' The overall infection rate of 55.6% within the North .

b

American birds 1s shown to be concentrated pr1mar11y in the passer-

) iform birds and part1cu1ar1y in four families, {.e. Icter1dae, : oyt

- Fringiltidae, Parul]dae and Turdidae. S;rnlarly, the spec1f1q,blood
1

protozoa which are aceountab1e for the bulk of the infected birds are

Leucocyto:zoon and Haemoproteus. The inci den'ce of Plasmodium, as '

E determined from numbers of infected birds, is of secondary importance

[

in this study.” . L .

A strat1f1cat1on performed on the’ various bird fami11es

and species, based on their nesting sites,'indicates thaé the bulk

. env1ronment A similar s1tuat1on is observed 1n the marsh habitats

2

. 1n that there is a h1gher 1nfect10n rate among ‘birds whose nests ‘are

- genera11y e]evated above the marsh surface.

: Co]lect1ons of orn1thophn11c Diptera (S1mu111dae and -,

.

the preferred hab1tats for . these vectors is the 10-15 ft. strata in. ,,,;¢J

the woodland environment. Testing over a three year period (1970,‘

l'_1971 and 1972) 1nd1cated a much reduced b1t1ng f]y popu]ation 1n the/
. . \\.

>
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Newfound1and area in compar1son to Algonqu1n Park Ontar1o where

/

\
,s1m11ar studies had been conducted _.The numbers of vector species

g . 1nv01ved are a]so noted to be Hmited The’ Hippobosc1dae are not

considered to be vectors of Haemoproteus in Newfoundland
. Examination of the_infected g1ands andvhindguts of the A’ ‘|
orn1th0pﬁ1 -Diptera indicated a relatively‘hjgh 1nc1dence.of .

Leuﬂocytozoon tran%s\gm\aﬁin:h lower incidence o'f’Haemoproteus T
‘ ) /
1nfeqt10n and an almost insig nt . Plasmodium transm ss1on With S

a -
~the exception .of hippoboscids aHMe&:bsewed to harbour S

f‘

trypanosomes i . = 2 T -

« - A survey of the. Newfound]and av1fauna veri f1ed arasite

¢,

\preva]ence as determmed from the laboratgry exammation of the

» -

: ."glamds and h1ndgut of the ormthophﬂm D1ptera ‘The strat1f1cat1'on . o ;;\'

. of the birds supported the premase that most birds’ became 1nfected

‘.,,m the ;md canopy .levelis,: deSp1te some spec1a1 character1st1cs of the

3

) Newfound]and s1tuat1on. ) o h : g
It is suggested -that 1nb Newfodnd]and there is a h1Qh]y S
'deve1oped host- paras1te vector re]atwnsmp of exCeptiona1 efficiency. R
’ . . \ o
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- INTRODUCTION ¢ - o
In recent years, a noticeable trend in the study of

avian hematozoa has been d1 rected towards\e'lucidat'lon of the :
er cycleof the parasites in the vertebrate hosts, and

Ce relatwe'ly htt]e stress has beeh p1aced'on the epidemiology of

| the parasitic organisms. The development of this trend is easy .
-to understand as the epidem1o‘log1ca1 study 'ls cons1derab1y more :
.complex, dependmg on many factors, including host ‘selection, host

O range, per1od1city, vector r%nge and habitat- preference, a most

,1nportant prerequisite be1ng a full understanding of the }\ost- .

. parasi te-vecfor re1at1onsh1p.. ' )
_ " The present study represents an attempt at e1uc1 dating’

| some of thesg factdrs as they apply to the “relat1onsh1p “
Part1 cu'lar attention 1s gwen to habi tat preferences of the vector '
and host and its influence on the preva'lenée of the speci fic -
paras1tes 'in the various bi rd groups.

' g<:,{_§j? i The research for this thesis was’ conducted on;\}two

mdifferent 1eve1s and at two different times. v1z.‘on local -

' Newfound'land birds, fhes and parasites and on a broader scale -

. the avian hematozoa of North America. Consequent]y, the thesis

" {s presented in two parts R 7 L
Part 1 - The relationship‘of the;breeding b'lo'logy of North

T Ameri can Birds and’ the feeding behavior of the vectors of avian

-

hematog._ga .

-
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. commegced around the t1me of Dan11ewsky (born 1852) in Kharkov, '

ae - . . ¢ o

' * RISTORICAL .

2
{1
2

The 1nterest or concern in the avian b1ood paras1tes .

u.s. S R. As a profess1on he chose med1¢1ne haV1ng recejved a. .
) med1ca1 degree from the Un1vers1ty of Kharkov 1n 1877. His |

oreoentjals as a scientist recognizes him as’a great physiologist .
rather than the first avian malaraologist. However, his brief
i

-

1

' contaét with this field has left a Yasting ihpression. ' Lo e

v

It is fortunate for present day researchers of avidn bleod

o

-‘paras1tes, that *in 1885 Dan11ewsky d1scovered PZasmodzum in, blrds.'
* At 'the t1me of his d1scovery he was exper1ment1ng with shrikes Jays N

.and ow]s all of which have since been shown to harbour ma1ar1a1 . l

? f

'parasites It 15 perhaps more s1gnif1cant and not ‘just a mere.

co1nc1dence that f1ve yearsbprev1ous, Laveran descr1bed the causat1ve

.4.

agents of human mafaria. S1nce that time the course of exper1menta1

' observat1ons w1th both types of paras1tes has proceeded side by s1de.‘

-

Early contr1butions in the field of avian blood para51tes

came from Russ1a, Germany. Ita]y, France .and short]yathereafter ’

e
»

:from North.Amer1ca g The earliest works were generated by the ' s

K-

obvious 1mp11cat1oz§;of ‘these paras1tes uo human,we11 be1ng

- Undoubted]y the 1mportance of 'hematophagus D1ptera to the madtcal

e

entonn]og1st has a1ded\ireat1y 1n the deve]opment of. our knowledge

~on the blood paras1tes f birds. i



a

"It was approxihate]y thirteen years after the discovery of

e s
h ar i ‘- 2 v

. “the, énddcorpuscular. parasites of birds that serious “consideration

was‘gjveh'to this area of research in America. Scientists such ds

' 0p1e (1898) pub11shed papers on the hematozoa and Sir Ronald Ross.

“in the same year, showed exper1menta11y that ma]ar1a was transm1tted by -

._mosqu1toes Were it not for the use of b1rzf‘;s exper1nenta1 hosts,

it is doubtfu] ‘whether the mosquzto transmissijon of malaria wou]d . s
have been so c]ear1y estab11shed

v The per1od from Ross up toWw923. was marked‘aSJa time of
max1mum spec1es descr1pt1ons with 11ttldﬁw0rk\p91ng conducted on-

he b1ology of the paras1tes From that date to the present

numerous researchers haVe been 1nvo]ved and voluminous works produfed

with re]at1on to the f1e1ds of avian paras1to1ogy and entomo]ogy

Hew1tt (1940) suggests that over 75%- of the papers on the subject

of 11fe cycTes etc., has appeared 51nce 1923 '
The ear11er investigations re1at1ng to the blood parasites
haVQaHEen reviewed and summarized by Wenyon (1926) ‘Since'wenyon's~‘
P-

.ev1éw much- of the taxonomy of the b1ﬁod paras1tes has been expanded

'and reported by authors such as Manwell’ (1935, 1938}; Giovannola (1939),”

~Hewitt (1940); Coradett1, Garnham and Laird (1963) Garnham (1966)

(A po1nt of interest nentroned by Bennett and Laird (1973) is that in
man< ‘cases the creat1on of a new species of paras1te 1s based on just

——

‘a 51ngle blood f11m)
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In addition to-the reviews reported in the literature on

the taxonomy of the pafasites, therthave also been”a number of host
) -
11sts prepared utilizing a w1de variety of w11d birds frOm many :

-parts of-the world. Among those which might be mentloned are:

. Wenyon 41926) - the most extens1ve, Coatney (1936 1937) Coafney

and Roudabush (1936, 1949); Heérman (1944); Levine and Kantor (1959);:

+ Berson (1964); Hsu, Campbell and Levine (1973).

These latter surveys were useful in estab]wsh1ng the

. d1str1but1on of parasites in d1fferent hosts and a1ded much to our )

knowledge of geograph1c and host assoc1at1ons of the paras1tes in-

~the hope of finding new forms. There" have been several attempts to

present infection rates and to interpret incidence or prevalence

on the bas{e of the survey data, but according to Herman (1968). in- -

' many cases little s1gn1f1cance can'be placed on such 1nterpretat10ns

i because of the limited nature of the survey. Ih1s,1s part1cu1ar1y

_true in the case of small samples-and the identification -of °

“‘parasites from single blood films.

The four groups of avian ' hematozoa that have captured
much attent1on in prev1ous and present 1nvestigat10ns belong to the.

genera Leucocytozoon, H&emoprateus, Plasmodium and Trypanosoms. Tt

", has been shown in a number of'eases Bennett and Fallis (1960);
_Fa]lis and Bennett (1966); and Sherwood (1968) that these paras1tes

"~ can cause severe morta11t1es in young birds. Bennett et al. (1973)f“

A‘have summarized ‘this. aspect of the b]ood protozoans 1n birds. ' -

o



'Fam11y P1asmod1idae ' ' C ", o

. PZasmoéZwm

. actual]y concerned possibly even P, eZongatwn. ’ ‘

: DaniTewsky's observation (i885) of PZasmodiun in birds
and the earTier discovery of the malaria pigments in human blood, = - .
prov1ded the 1mpetus for further work related to th1s part1cu1ar .
avian parasite March1afava and Celli (1889) proposed the generic

name Plaginodium for the p1gnented hematozoans “which has maintained

“its pr1or1ty to the present day. From the t1me of- Grass1 and Feletti

(1890) . 1t has been generally assumed that Danilewsky's paraS1te was

the or1gina1 discovery of P. peltctum, but Garnham (1966) suggests

'that it may have been a paras1te smaller than P relictun that was

- Froma ‘taxonomic V{prO]ﬂt it mu§t be made clear that the

original descr1pt1ons were 1nadequate_and 1n.many cases the R
characteristics poorly represented. ‘In 1892 Grassi and.Feletti, R
recognizing the situation, prepared an extended'paper in nh}ch

seven species in .the genus Haemamoeba (=Plasmodium) nere'described.

Bettersdescriptions of the parasite followed in the . oL /)

! a}; " (

remainingfyears‘of the century, but up to 1926,'many workers’

-fo]lowed wenyon s think1ng by grouping all malaria parasites under

the name of A. reliota, or some other accepted synonym. Even in

early years closely related species were often times-grouped under;‘

¥

this specific name. I . ‘ .

Ronald koss‘(189é) discovered.that a mosquito (1ater

identified as Culex pipiens) was the vector of P. relictum. - These-




7

- 7

exper1nents which were. carried out in India were based on feedings

on infected sparrows and 1arks In sp1te of the wide d1str1bution
"of the parasite, and "its ready transmissib111ty by donestic
mosqu1toes the natural vector has rarely been identified. .
Bruce Mayne (1928) in India was the first to recognize
“and point out the susceptlbillty of anophe11ne nnsquitoes to bird"

ma]arl 2 (P. re Ztctum)

-

. Fami 1y Leucoc&tOZO{dae - o .

Leucoeytozoon

Ll
¥ .

The- actual authorship of .the genus Leucoaytozoon has been

.an area of considerable controversy in recent-years. Danilewsky,

who first reported the parasite from the blood of owis in 1889

has for many researchers meant that he was a1so the original author.
However, other workers of the time such as Berestnev, Ziemann and
Sambon have also been attributed the honor by some present day

researghers. L~ ¢

# . -

. Bennett, ¥%hkan, Laird and Herman (in press) saw the need to

assemble.the.pertinent Titerature and reassess the arguﬁehts
concerh1ng the authorship of the genus. . ‘

Bennett et aZ in their paper "Remarks on the status of the
genus Leucocytozoon" show very clearly that Danilewsky was c1a1m1ng

pr1or1ty for the discovery ‘and not- the actua] nam1ng of the paras1te

, Furthermore,_Dan11ewsky descr1bed'and 11]ustrated the parasite but

., . N - r .
he never "unequivocally” used the term Leucocytozoon.

! . P

s, P - . - L

. . e .
1Y

‘



A k
to designate the parasites of owls, rdvens and magpies as

" - oretained and the genus prooerty ascribed to Lithe. Lihe's - : 32,"

© In 1904 Berestnev coupled the genéric and_specific names |
. . S,

L. danilevskyi. Llhe (1906), although attributing the genus "

erroneously to Denilewsky, presented the first formal description

of it. Bennett et a?. (in press) propose that this des1§nat1on be

descriptdon and those of several reSearchers shortly'afterward'have'
all referred Haamamoeba majoris to Leucocytozoan. It is thus - N

suggested that the f1rst species Leucocytozoon (=Haemamoeba) majoris

- becomes -the type.species of the _genus, replacing L. dhnzlewsk

1965, Benn&}t et al. redef1ned the genus and created the genus Akiba-

to receive Leucocytozoan caulleryz. The separation of the genera was *

based on clearly defined morpho]ogica] characteristics in vertebrate

*e

and 1nvertebrate hosts. . _

The transmission of Leucocytozoon by simuliids was f1rst
reported by 0! Roke (1934) /H1s account demonstrated the~transmiss1on
of L. anatis (=simondi) 1in Sunulz,wn venuetum (It ‘ls Tikely that -
he failed to recognize S. rugglesz.) Since that time various . -
species of ornithophilic b]ackf11es have been clearly demonstrated
to be the natural vectors of this parasite, e.g. Fa]]is and -

Bennett (1958) ;o a A : Lo ‘ ..

& . , -



" Family Haemoprotei dae

" Haemoproteus ( Pamhaemoproteus)

" In "the same year as’ Danﬂewsky f1rst noted Leucocytozoon, “:

Kruse (1890) wds responS1b1e for g1 ving the name Haémoproteus to an’

1H_-def1ned, poorly-described parasite for which he stated no host.

The name was given page priority over Halteridium (Labbe', 1894), a

much more adequa’ce]y"deséribed 'and descriptive term for the crescent

.shaped 'bodies first noted by D"ani'lewsky

Fol]owmg that date numerous spec1es of Haempprotéus

have been named 1n birds, more on the bas1s of’ the1r discovery in a

,certam avian host than on any morph(ﬂogi cal features. ~Asa result

several so- ca'lledISpecies of PZaemodwm are now recognized as -

: be1onging to the famﬂy Haemoproteidae e.g. H. centropi -and

H. gaZZmuZae of Indian birds (de Meﬂo, 1935), . o
Bennett et al. (1965) recognized two genera of ' hemoprote'lds
particularly common in _b1rds anu proposed the division of the genus
into two,ﬁ namely Haemoproteus and' Parahaemoproteus: They deslignated
Haenbpt’bteus as the type genus with the type species as .H. co'Zu(mbae

Ce'l'h and Sanf_é'hce, (1891) and P. ccmachttea Fa111s and Bennett .

“

(1960) as the type spec1es of Pamhaemproteus.~ S

The act1ve ‘transhission of Haemoprateus by h1ppoboscids
('Iouse flies) 1s we'l'l substantiated in the ‘l1terature by authors
such as Adie (1924) and Aragao (1919) work1ng\w1th H. aolwrbae and
Baker- (1963) mth Eng'l'lsh shlood".Pigeons.” However, Fa1'l1.s and Wood

. .(1957)‘ and Fallis and Bemnett '(1960) showed‘that'the'sporquny_ 9'1" ’




n.P fmngtllae. N , "f -

P2

‘Family Trypanosomatidae o B

) Trypanosoma

. out that although hippoboscids have beeniinp1icated as hosts'for-

at least three species of Haemoproteus, many of the gther speéies

occur in birds which dovnot harbour h1ppoboSc1ds; These have.been

‘ shown to be transmitted by Cultcotdes and to be members of the

genus Parahaentoproteus e. g. P. netttonw, P, canachites and.

The" history of various aspects of our know]edge of

'trypanosomes has been dealt with by a number of authors: Laveran

and Mesnil (1912); Wenyon (1926); Cole (1926) Scott " (1939)

.Curasson (1943), and others.

From these reports it appears that the first trypanosome

was observed nearly 300 years ago by Antony van Leeuwe'nh‘oek, thel '

10

others is completed in Culicoides spp. Bemnett et al. (1965) point

Father of Protozooiogy. In 1680 he described organisms, seen by him,

N

in, the gut of horseflies (Tabanidae) which might have been the

' development stages'of the bovine trypanosome, T. theizéri.

In 1841, Valentin, a Professor of Physiology, at the
Un1vers1ty of Berne described the f1nd1ng in the blood of trout

(satmo faroo) of motile e]ongated organisms which he Tikened . to

' moebae. However, the true nature was uncertain.

Gruby (1843), a Hungarian who eventua]ly settled in Par1s,

was the first to recogmze the true nature of the batrachian parasites.

\.
o . -~
4

a3



For these hemoflagellates which were seen by his. predecessors Cor

and himself, he created the generic name Trypanoaoma.

The first satisfactory,account of trypanosomes in birds

was th;t of Dan1lewsky (1885); who'named the species T. am:um.°
Sihce that time a large number of forms have been described.

\ﬁowever,-as‘with the other hehoprotozoans; in many cases Iittle
more has been done than to give an account of the tnypanosomes as
they appeared in a 51ng1e b1ood £1Tm,

| - Information relating to the thanshission of Trypanosoma

ris more difficult to interpret than those qf the other describéd
blood parasites (Bennett, 1960); _Baker (1956) demdnsﬁreted the
transnission of 2. avium by the h1ppobdsc1d m&hmyia avicularia .
and Grewal and_Chowdhary (1957) i]1ustrated its transmission by .
mesquitoes Duke and Robertson (1912) suggested S1mu111ds as 7.
vectors of avian trypanosomes in Uganda. ", .

‘ ‘ In Algonguin Park, Bennett (1961) showed that the

: flagellates will develop in and can be tfansmittéd by blach flies;f‘

biting midges, and mosquitoes.

1
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- . INTRODUCTION

& " This portion of the thesis was oonductég to analyse in_
detail the preva'l\ence of Leuc‘ocytozoon,. Haemoproteue and PZae“mbdium_
~in birds of North America. The prevalence of the various species”

~of blood protozoa 1s studied in relation to the breed1ng behav1or

[4)

- of the birds a1ong with the known feed1ng behavior of the vectors

of the: avian hematozoa

!

« Members of Leucocytozoon have  been shown to be transmitted

in North Amer1ca by s1mu111ds (0'Roke, 1934 Fal?is, Anderson and

: \
. Bennett 1956 Fa111s and Bennett 1958 Bennett and Fa111s 1960).

S1m11ar1y, some simu111ds have been shown to exh1b1t strong. host
spec1f1c1ty (Bennett, 1960 Fa111s and Smith) 1964; Lowther -and
WQod,'1964).- This 1s part1cu1ar1y sign1f1cant when the 1nc1dence

of the parasite is,considened in_relation to the occurrence of their ’

probable vectors _

Haemopmteus (Parahafmoproteus) 15 reported to be .
transh1tted in North Amer1ca by cuchozdba, (Fa111s, Anderson and
Bennett, 1956; Fallis and Bennett 1958 Fallis ‘and WOod 19573

Fa]lis and Bennett, 1960) As is the case with Leuaocytozovn, ;

" host specif1c1ty has been 1nd1cated for Haemaproteue Fa111s and

'Bennett (1960)showed that a spec1f1c1ty for grouse is c]ear]y

apparent for HaemOproteus (Parahaemoprateue) canachztes. Other

reports havesalso 1nd1cated the presence of species in one- type .

.of bird and not in others '. : . . T

<5

e
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L]

Plasmodium, a1though transmitted by . nmsquitoes, 15

- _:v1rtua11y uﬁinown with regard to host specif1c1ty This 1s part1y _

- _,..-q- o

. attributed to”the d1fficu1ty in obtaining blood fed mosquitoes in | B ¥
'quant1tat1ve1y significant numbers to draw any conclus1ohs. Bennett's -
’;study (1960) in Algonqu1n Park noted the occurrence of many
.mosquito.species but that_féw were captured fo1low1hg engorgement
‘on birds. = . , | o '

It ig felt in view of. pub]ished llterature on the topic,

| gpe—

! that a study of North Amer<di can birds wi]l elucidate the premise " ¢

that birds acqu1re their 1nfections on the breeding ground

. . - . L B
(Bennett and La1rd 1973) S 27 Lo
l: ' ’ ‘
. L4 -
- ’ L H
1‘ ' . - { : '

o ’ L .

’ ‘ ~ - “,
[ * \

. R . - \ ) ’ _‘



to approximately 35,000 bird blood smears. The data-is recorded _.“

O F I - MATERIALS AND METHODS

The WHO Internat1ona1 Reference Center for Avian Malaria
Pdras1tes at the Department of Biology, Memor1a¥fUn1verS1ty of
Newfound]and St. John' s, currently ho]ds 1nfonnat1on pertaining

L3

on a. punch—card system which ufilizes.a multiple sorting tode, -

perm1tt1ng the retrieval of information under a nunber of head1ngs

The abstraction of the data on North Amer1can b1rds from

the'system was time cohsurﬁﬁg and had to begcarr1ed out in several

0

steps. Initially the {nformation reqﬁired was a“compi]ed list of

" » -

all the birds from North Amrica which have been recorded by the

WHO Center. Following this majdr breakdown the birds were

+

separated .into severa] categories to facilitate a more re]evant

¢

“and comprehensive study of the host-paras1te prob]em in thas section

-, -of the g]obe. " The major categories were; 1., B1rd,Fami]1es

. 2. Bird Species 3. - Overall Parasite prevalence for each&of the

3
L

:bird families 4. The-specific parasite prevalence for each of

5

the’ b1rd specnes. K L .o _
' The above data is reported in Tab]e I and constitutes the

source of reference for -further discuss1on in this sect1on

C e [

THe author has' seen f1t to entitle this section, "UNSTRATIFIED", as"

it represents the una]tered mater1a1 1n1t1a1ly reported by the

orig1na1 researcher. Its 1mportance or. s1gn1f1cance lies in the

N

fact that it presents an overa11 cture of the av1an b]ood prob1em_

1 o

in North Amepica. This is part1cu1ar1y true in as far as these

@ v
]
P

P



o T TARETD

Preva1ence of hematozoa in North Ameg can birds. Due to multiple 1nfect10ns total 1nfect1cms
by parasite spegies_ are -greater otal number of infected birds. Hematozoan infections
' are represented as percents of ‘infected birds. ’ "Others" ().are.expressed as numbers and were . -
< either trypanosomes or microfilaria. - The under11ned strata denotes preferred habitat of b1rd

e . { - L . . ) . b
{ - : : S A S S
. : . o - o Total Total Percent  Leuco- : Haemo- Plas-
ST . Bird and Family © -Strata Birds Positive Positive Cytozoon proteus modium .Others-
. .. ACCIPITRIDAE | I IR
. ,. Aecipiter cocperii. 4. 1 1 -100.0 100 0 T
" Accipiter striatus 3.4 12 . 8 ~66.6 ¢ 100.0 4
Acoipiter gentilis. 4,5 1 S K .
Circus cgyneus 1.5 4 ” - - ,
. Pandion haliateus 1,2,'5,4 1 a o
. 5 Buteo Zmea'l:us L3 2 2 100.0° ~ - §0.0 (1 -
- ] , . L - . ' N ] K
Total: : ... 21 m 52.4 100.0 -, . MO
o ) AEGITHILIDAE- ‘ .
- } Psaltripamis'.mininua ©2,3 2 r,;:}
T . Total 2 ’ -
T MAUDIDAE : L T g : o .
M E'remphﬂa dipestms\ 1. 5 . 2 40.0 100.0 /
' " Total: .- o B2 '40.0- - 100.0
' ARQEIDAE - - > ' | o 5
.Botaurus. Zentzgznosus 5 8 . e <
' Butorides viresecens 3,4 . -3 ‘ '
. Izobrychus exilis - B' coe N
o * Casmerodius albus . _2 _3_ 4 . L 5
:.") ' : Totai::' " . o - “14 . z < \/ ' v -
“ : e ° ] v .



Bird and Fagily

'AMATIDAE
Anas carolinensw

4nas’ digcors

Anas pZatyrhynchos

Anas rubripes

Aix spgnsa. “
inser a*Zbifmns

Aythya americana
Aythya collaris =
Branta canadenstis
Chen caerulescens’

Aythya marila *

Clangula hyemalis

. Melonitta perspicillata
Mergus serrator .

-. Mareca americana -«

‘fnas acuta-
Anser anser
Oidemia nigra

"Tota1 :

BOMBYCILL IDAE.

Bombyc‘illa cedrorum
- Total:

LY

@

(z)i:‘

TABLE, 1 (continued) .
k> v § - *
v % % %
. Total Total Percent Leuco- ~  Haemo- - Plas-
Strata Birds Pos1t1ve Positive cytozoon proteus modwm Others
5 279 122 43.7 33.6 59.0 . 22.1
5 698 64 .9.2. 4.9  35.9 23.4.
5. 450 177 ¢ 39.3 15.3 . 62.7 -.28.3,
5 875-- 719 82:2 - 39.4 ° 72.9 18.6
5 59 491 . 82,7 9.3 - ..91.9 ' 21.0
‘5 .. 5 1 20.0 100.0 |
5 30" - 2 . -6.7 100.0 .- . . ..
5 119 25 21.0 20.0.-+ -72.0 - 20.0 -
5 . 305 17 . 6.6 ‘84 . 29.4 5.9
5 694 21+ 3.00 .76.2 4.8 °9.5
5 3 1 +33.3 : o
5. 2° . 2° : 100.0 50.0
S5 3 60.0 666 3.3 .
5 .7 %" 5 .71.4 80.0 -20.0 --
5 161 37- 23.0 2.7 75.7  43.2
5 120 51 - - 42.5 45.0-. 43.1 25.5
5 112 109 -  97.3 ~3 ,
5 2,2 100.0 . .“’iﬁiﬁ% 50.0
"-4461 - 1849 41.4 352 - 68.1 = 19:4
2,34, 14 8 57 1 75.0
U VSR N 57 1 75.0

i



~fot&1;’_'

Bird and FaFrﬁ'Iy

*CERTHIDAE

. Certhia fdrriil'z':aris
Total: -

CHARADRIIDAE -
Arenaria mglanocephala

. Arenaria interpres, .
Charadrius alexandrinus .

- Charadrius voeiferus’ .

admuz semipalmatus.

la squatarola

CATHART IDAE
.C'a'thaz"tea aura

tha]:

. CHAEMAIDAE

Chamaea: fasciata

-~

“ Total: ® _ - -

Strata Birds Poswt1ve Positive cytozoon protgus modi um Others

2.3

N
. et et oed od g
) .

TABLE I (continued)

Total

o

13

- ) )

Total

]

[TEN

25.0 + - 100.0
25.0 . 100.0 .
o000 - . (1)
7.7. S
- ‘) i ' * - - TR .
100.0 O - (1)
< 1000
o . ® E
00,0 - (1)
100.0 L
. v ‘\*\:’:4,'(
o

% g %

Percent Leuco- - 'Haemo- Plas-

J

.......

81 .



Y

,,,,,,

“Bird and Family
"+ COLUMBIDAE

Colunba fasciata
Columba 1ivia .
Zenaida macroura :
Zenaida asiatica

(:_ Tota1

COLYMBIDAE
Podtlymbus podiceps -

Tota]. -
CORVIDAE

Perigoreus aanadenaw "
Corvus brachyrhynchas

Cyanoczttq erigtata
Total:

FALCONIDAE ‘
Fulco aparverzus v

’ Total

i

A ~ Total Total ,
‘ Strata Birqs JPositive . Positive - c¢ytozoon . proteus modium Others

v

. TABLE 1 (coqtinued) -

3 2
'8 8
- 8f 84
A .4
99 98
3
3-“\
2 N
9.1
34 21
85" 3
5 1,
S

Pércent .

' 66.6 |

100.0

100.0 .

- 100.0

< 99,0

262
1.1

61.8
38.8

20:0 -

.20.0

%
Leuco~

z

-+ Haemo-

.9
. Plas-

50.0
. 13.0

2.2 ¢

-45.5

81.0 -

66.6

- 100.0

100.Q

. 50.0
75.0 -25.0
80.9 . 7.1
100.0 - °
79.6 9.2
. 18.2 9.0 (3)
100.0
61.9
48.5 3.0

6L
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Bird and Family. ‘
FRINGILLIDAE - . s
Acanthis flammea
Carpodatus purpureus
Carpodacus mexicanus
Chondestes. gramacus

. Junco hyemalis
Junco oreganus
Melospiza lincolnii
Melospiza georgiana
Melospiza melodia

Passerculus satdwichénsis

" Passerella iliaca .
Passerina ameena
Pipilo erythznphthalmus

. Pooecgtes -gramineus

|~ Pinigola gnucleator = .

Pheucticus melanocephalus

Spizella arborea -
. .. Zonotrichia albicollis

Lonagrichia leucophrys
Sptzétla passerina, '
Loxia ZquOptera ‘
Loxia curviyostra .

. Cardinalis cardinalis

Total:

TABLE I (continued)

- Total Total

—
w

NN
-
Jowo w -
-

e
L

—
s J

BT [X [REAY XY i SrRPEFPEY OF ORI OF Uy 2 BEFRFY XY R0 g

I~
TN NN NN
-

w

9
79
1290
194
7
7

99

16 .
118 -

40 -

6
68
833

- 194

38

6‘;
10
100°

37

-
>

. Percent s
Strata Birds Positive Positive .cytozoon proteus modium Others -

. 66.6
. 86.0
64.6
100.0
53.5

85.7 .

62.5
87.0
37.4
.562.5
82.1

75.0 -

46.2

66.6 -

100.0
82,1
- 78.9

6.8

99.0
81.5

53.8

57.1
100.0

73.8

-

»

4
Leuco-

%
Haemo-

- %

Plas-

-l 00 N

7

. ot .
BN O.NO SNWOANNW W =]

WWNOOVOONO—-RWONWOOOUI1O
. . - - » L] L] . » L] . . - - - L] L] L o .
AANNO~OO0OWONLHROLOONNNINWO

wod

o~
[ I
o e
O

42,8

l

66.6
41.2
23.3
- 81.4
50.0
83.3
50.0
47.0
21.6

. 7952
- 47.9

33.3
.33.3
50.0
76.0
67.3
40.0
61.5

63.6 -

36.4
42.9
50.0

44.9

1.5
- 72.9 .
8.2
0.0

"

— O
O N 00 00

50.

o
—_ o
o .

o ,
QY -t

(1)

5
29.7 : '

02
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TABLE I (r’.:optinued) | t s
L _. S T S S &
- . s _ Total- . Total Percent Leuco- = Haemo- Plas-. .
Bird and Family . Strata Birds Positive Positive .cytozoon proteus modium . Others
GRUIDAE = . - B o . |
' Grus eanadensis ) . 5 ° 2 2 100.0 50.0,| 100.0 -
Total: = - . ; 2 2 100.0  50.0- | 100.0
 HIRUNDINIDAE . L e , .
Hirundo rustica - 3 N 5 7.0 20.0 - : (4)
Iridoprocne bicolor. 3 1 1 100.0 100.0 { ,
Total: . ' ‘ C72 6 - 8.3 33.3. .
ICTERIDAE L E L : o
. . Agelaius-phoeniceus . 6 708 . 97 13.7 - 28.9 24.7 144
. Euphagus cyanocephalus 2 .150 8 56.6 4.7 28.2  34.1:
Euphagus carolinug : 5 18 18  100.0 94.4 - v
Ieterus bullockii ’ 2,3 634 634 -« 100.0 1.3 94.3 10.1 -
© Quiscaltus quiscula .16 98 65 66.3 . 80.0. 12.1 " (5)
Sturnella neglecta -, - 2 1 50.0 - 100.0 ‘
Xanthocephalus xantho- - 6 23 2% 100.0 - 91.3 |, (2) .
: cephalus ' - - ' '
Total: L 1633 923- .56.5 12.0  70.7  14.0
MIMIDAE o S : , - |
Dumetella carolinensis 2 42 . 8 - 19,0 - ' 12.5 (7)
Mimus polyglottus . 2 67 20 . 1 29.8 25.0 : GO‘TQ\, (3) )
©Total: - 09 28 . 257  17.8 . 6.4
. N ? ",- ’:'

BT



5
'TABLE I (continued) :
_ : S : % % % C~
. Total Total Percent Leuco~ Haemo- Plas-,
Bird and Famﬂy ‘ Strata Birds Pos1t1ve Pos1twe cytozoon proteus modium Others
PARIDAE .. - e DR S J -
Parus atmcapiZZus : 2 83 66 .- 79.5 - 95.4 4.5 3.0
© Parus hudsonious 2 93 - 44 - 47.3 72.7  :6.8 ' - (9)
Total: b 176 M0 .62.5 " 86.4 5.5 1.8 T
& PARULIDAE L R = ‘ o
Dendroica audubonsi - 2. 45 14 31.1 50.0 . 21.4 (4)
-Dendroica caecrulescens 2,4 9 2 22.2 - 500 . . (1)
Dendroica coronata .3 101 . 65 64.3 78.5 46.2 :
Dendroica eastanea : 2 27 13 - - 48.] 69.2 30.8
Dend.rozca fusca 2,3,% 12 - 5 41.6° - 100.0 80.0
T pendroica pensylvanica’ 1,2 6 5 - 83.3 20.0 . o (a)
. . Dendroica petechia -2 74 - 54 72.9 . 96.3 1.1 1.8, - "«
- Dendroieq pirus 3 27-- 22 - .81.5 - 90.9 22.7 »
Pendroica palmarim 3 2 -2 100 0" - 100.0 T .
Dendroica striata 3 276 238" 86.2 87.8 - 40.8 . 3.4 |
Dendroieca virens 2 - 1 4 - 36.4 100.0. ' , ’
Dendroica tigrina 5 6. 4 66.6 - . 25.0. 25.0- (2)
 Mniotilta varia - L2 60 32 53.3 .84.4 3.1 (4)
Oporornis philadelphia =~ 1,2 20 13 - 65.0 100.0 - ' . o
Geothlypis trichas- 1,2 32 1 . 4.4 :18.2 .
Seiurus aurocapillus T - 87 10 1.5 70.0 <(3)
- Seturus novaboracensis 1 359 261 - 72,7 93.5 33.0 2.3 .
.« Setophaga ruticilla - 2,3 30 10 33.3 80.0 . . )
Vermivora celata - 1,2 .6 1 - 16.6 100.0 . : .
. Vermivora peregrina 1,2 - 59 18 30.5 ‘83. 5.6- (2)
- Vermivora ruficapilla 1,2 90 26 - '28.8, . 80.8- ' . (5)
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Bird and Family

~ PARULIDAE -
- Wilsonia canadensis 1
Wzlsoma pusilla . 2

Tota]

PHASIANIDAE _
Lophortyx calszrnzaa )

Tota1

. PLOCEIDAE

" . PICIDAE o
© . Colaptes auratus .

3
4

. !
T

- Total:

Passer domesticus

Total: - \.

2

. Colaptes cafer 2

- Dendrocopus villosus 2

-‘Dendnocopus pubescens = 2
‘Pieoides arcticus

Sphyrapicus varius - 2

=

.6
5

36
154 -

1529

53

53

549

549

34
24

25

Total Total
Strata B1rds Pos1t1ve Positive cytozoon proteus mod1um Others

13
106

929

24

24

509

509

e
BN O

57

TABLE I’(continugdf |

Percent

27.6 _

68.8
60.8

%
Leuco-

- %

Haemo-

%
Plas-

-

453

53.8

95.3

'87.0

45.3

2.7 .
927 -

88. %
_1000‘

62.4
16.0
40.0

. 66.6

59.4 -

23.3

13.3

15.8 .

1.9
25.7

'95.8

95,8

1.6
1.6.

93.3

100.0
100.0
100.0.
100.0

93.0

1.9 -

1.9

60.7

- .60.7

100.0

(6)
(1)

€2
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: L4
Bird and Family ~

-~ " RALLIDAE .
Fulica amertcana . . 5

'Totalz
© SCOLOPACIDAE

. Actitis macularia
oL ’ Capella gallinago
AT ' . Catoptrophorus semipalmatus
s . . Calidris canutus -
L -~ Erolia minutilla
S : Ereunetes mauri
. Erolia fuscicollis
Numenius amertcanus
Numenius phaecpus
- Limosa fedoa®™ ° ,
- . Limodromus griseus s
CoAe ' - Tringa flavipes
A . ¢ Tringa solitaria . - . 3,
Philohela mikor

- -
l.

_ Tota1;_}
' SITTIDAE T
« -Sitta carolin ensis - - . 2,3,4
Sitta canadensis. ‘ 2,3.4

Total:

. . Gallinula chloropys - .5

TABLE 1 (continﬁed)- . g o

ot P et ol vl ol vl wmd o e aed wd (T d
.-

. Total Total Percent Leuco-  Haemo-. Plas- -
. Strata . Birds. Positive Positive ‘cytozoon proteus modium Others

!

(o]

A

4
4

o

8 88.8° 25.0 25.0

N A0 BN et i NI PO O P et

Y

1w 8 58 250 250

ve
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TABLE T (conffinued) |
: _ V. B TR 2
o . . Total Total Percent Leuco- Haemo- Plas-.
Bird and Family . Strata Birds. Positive Positive cytozoon proteus modium Others
R . STRIGIDAE. - - e ‘ -
- Aegolius acadicus - 3,4 18 18 100.0 100.0 .
.~ . 77 Aegolius fumereus 3.4 . 9 ‘ : .
R o Miarathene whitneyt 3 1 ’ N
e ' . Otus asio. - T 3,7 1 ’ ‘
© ' Total: | . 29 18 . 62.0  100.0

- . STURNIDAE . - : C o - ~
BRI Sturnus vulgaris - 3,4 21 . E o g '

T‘ota'l_:i . B :,_“‘ 21: .

'SYLVIIDAE - ,

Regulus calendula S 3,4 37

. Regulus satrapa 3.7 KERN - E
. \ " Total: 40 |
w0 TETRAONIDAE | - .
S + .Bonasa umbellus . 1 309" 169 54.6 60.9 21.9 - 4.7
LT Canachites canadensis 1 93, 6 49.4 37.0 . 17.4
tE T . Dendragapus obscurus : 1 612 . 249 - 40.6- _  36.9 = '57.0 30.9
PRGN : . Lagopus lagopus _ 1 354 YA . 48.3 92.4 . 1.8 .
.- Total: : . 1,368 635 46.4 58.3  30.0. 1334 . - . L
.ﬂ_ " L e T ) - ? . T ‘ ' L . ]

2.’
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’ TABLE I (continued) . = - °
. o . Total Total Percent Leuco- Haemo- Plas- i
Bird and Fam1:Iy,~ - Strata Birds Positive Positive cytozoon proteus modium Others
* THRAUPIDAE ‘ ,
, - Piranga olivacea " 2,3,4 8 - < '
e Piramga ludoviciana 2,3,1- 20 16 80.0 i2.5 . Bi.3 6.3
Total: o . 28 6, 571 125 813 . 6.3
.~ TURDIDAE ~ , R - ‘
_C'atharus guttatus 1 - 19 10° 52.6 100.0°
R - Catharus fuscescens 1 19 10 52.6 70.0 - ,
Lo - ‘Catharus minimus . . 1 156 122 - 78.2 93.4 - 22.1 0.8
A . Catharus ustulatus . ~ 1 156. 118 75.6 0.5 0.8 -
Turdis migratorius  1-6(2) 228 165 72.3 9.2 . 388 4.2
~ Total: U518 ..425° 735 - 76.2 216 . 1.8
- TYRANNIDAE - - ' - : S ‘
' E'rrrpiﬁdonaz.flaviventris .1 115 - 28 - 24.3 50.0 10.7 . .
Total: . .~ 115° 28 243 . 50.0  10.7 ‘
. ‘ VIREONIDAE . . S |
Vireo flavifrons . 2 . . ST .
L T e - "Vireo olivaceus - 2 ~72 ‘47 -56.9 56 0 39.0 -
e ' °  Vireo philadelphicus .2 2 - " : . e
o Vireo solitarius 3 3 1 133.3 "100..0 co
' Total: . . - R ¢ A4 54.5 57.1  38.1 T _
OVERALL TOTAL:- . - 14,360.7,98  55.6 43.0  45.7 - 20.0
o — ) . . . R .
o & ‘ - - . _

9¢



stes represent a Iarge sanple over a vnde geographic area of

North Amer'l ca.

¢ ’

The other major division unde‘r 'wh1‘ch the North American

- . material is studied has been 1dentif1.ed a_s{ ""STRATIFIED"'.. In th{s* . ‘ o

section, the’fjeta presented is based on a sglfstem of habitat I

prefereices for the host as desi gned by the 'author '(Figure 1).

The system was deVeloped fo]lom ng. an examination of other. systems

which have been used along s1m11ar Hnes and an extensive perusa'l

of the ormtho]ogmal 11terature (particular]y Bent, 1963 et. seq.)
‘. lto determine the resting sites and most commonly utﬂized hab1tats

by the var’nous bird groups. : _ : ' v Lo ;
- Foﬂomng the estabhshment of the "Strati f1cat1on System“
. the d‘axta on numbers of b1rds. paras1te preva1ence,aetc. , prevw'us]y
_established in Table I."wer'e 'é'ompiled and assigned its particular J
'Stratum.' 'i‘he resu‘1t§ of this Icomp'ﬂation are heported in Table III ’
., and consti’-tute the major squf‘ce of .referepce for the "Stratified"

portion of the North American study. ‘ ‘ o : '

. ifY', .- * P
X ) . . - .

r
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RESULTS AND DISCUSSION Ce
N .

UNSTRATIFIED e o~

ao'ﬁoke'(1934)— The first real extensive ‘survey on a variety of .

. The data presented in Table I represents one of the largest

'sampiinqs of terrestrial birds studied coiiectiveiy on North American' .
- blodd parasites. The 37 families and 163 specieS'comprising the Tist-

- in this part of the world was carried out on ducks inﬂMichigan by .

wild birds was undertaken by Herman (1935) in. wbich he. examined
652 birds in the Syracuse, N.Y. region. wirth (1944) reported the
incidence of biood‘parasites in nature‘as~report by workers in .
the United States up to that time . His, work invoived approximate]y f
4750 birds ‘Bennett and Fa]iis (1960) reported the incidence of -
" blood parasites in birds in Algonquin Park over a period of 13 years
from 1947 1959. The totai birds examined ]n that study was 3004
Numerods otherfstudies have been reported from time to time

and from many parts of the world The emphasis, however iies “in

. the temperate parts of the- worldy which according to Herman (1968) N

T
is accounted for by the fact that there are a greater abundance

“~ -y

of investigators in these areas. As often is the case, the

deographic separation of these surveys has the effect of making L .

. data incomparable. Another factor which 1imits the value of’STf/

=

-



e

© 60% infection level ‘for the Churchill Falls region and 28% for the

LY [

-surveys is the re1at1ve1y sma11 samp11ngs thus requtlng in

- negative findings, or. g1v1ng 1nsuff1c1ent data for s1gn1f1cant

compar1sons. EER

The overall 1nfectan rate of 55.6% reported in Table I

1s an 1nterest1ng one and deserves some further comment

[

-

Wirth (1944) reported an 1nc1dence ‘of blood parasites ﬁ '

/

'Ajn his. study as 13.7%.° Huff. (1932)° reported & parasite’ 1np1denoe
_off27% amongst a total of 967 birds. A study, in some ways similar -

. to the present one, conducted in Algonquin Park (Bennett and Fallis,

1960) shows an‘®hfection rate of 49%.1 Wood and Herman (1942)

reports. 48.2% infection in 1, 525 birds_covering 112 sp. “In

‘rev1ew1ng the blood smears harboured at the WHO. Center at Memorial

Un1ver§1ty of Newfound]and Bennett and La1rd {1973) estab11shed

that 72% of the b1rds had one or more paras1tes. A further survey

:conducted by Bennett (f972) on the b1rds of Labrador reports a

"Goose Bay area. Passeriform birds .of insular Newfoundland (Bennett‘

and Laird, 1973) are shown to have an overa]] 1nfect10n rate of

’ : s O
80 - 90z.

K

Although the 1evels of 1nfect1ons reported vary over L a

9i’quite an, extens1ve range, it does give strength to the 1dea that

-~

J
North Amer1ca does have a s1gn1ficant avian blood para51te prob]em

i Whether ‘or not the stat1st1c deta:led 1n Tab]e I@gr those c1ted above .

[ ) P LY . [ S
’ , PR
- . . Lo ) R
' .' r

n‘f\
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are true indications’ of the overa11 ‘problem will only ‘be answered

- b

folloW1ng more test1ng using larger samp]e s1zes S

' ‘ The spec1f1c paras1te 1nfect1ons (Tab]e I) shows a‘ L ’
‘relat1ve1y small di fference betweén the Leucocytozoon and '
| Haemoproteus preva]ence in the infected birds (43% compared with 45.7%). "
The ‘Figure (20%) . given for PZaemodLum would appear to be reasonably .
" sound and genera]]y accepted in light of. other publ1shed reports
Bennett. and Fallis (1960) report 18.2% PZasmodzum 1nfect1on while
Wood and Herman (1942) gives the f1gure of 19. 9% 1nfect1on , A

" The Leucocytozoon and H&emoproteue infect1ons, as . u

.determ1ned from the: Titerature, are not as consistent in thelr P 1' .
reporting. Bennett and Fa]]is (1960) shows the 1nc1dence of . '
Leucocytozoon as approx1mate]y 64% when compared with on]y 25 8% of - i
: the birds having a Haemoproteus 1nfect10n wood and Herman (]942)
reported 44.5%.pf the infected birds had Haemoproteus and.
Leucocytbzoon accounted for 34.4%. Bennett Campbe]i -Canbron'
(1n press) noted that 92% of the 1nfected Newfoundland passer1form |
birds possessed species of- Beucocytozaon whereas only 37 5% harboured

— .
-Haemoprotfﬂe ' C ; ) ¢

( [

Huf f (1932) po1nts out that the, most conmon para51te of _

>_b1rds belong to the genus Haemoproteus. Herman (1963) states

that Leucocytozoon appears to be the most important parasite in

. the Anat1dae It is also a widely accepted fact:by workers in the T f,-;'-;

~5f1e1d that Haemoproteua 15 a common paras1te of the Co]unb1formes

A - : . -, . LY




‘32
iEartwularly COZumba livia, Ca11forn1a qua11 ducks and grouse. .
'From these few examp]es it would appear that an attempt at
estab]ish1ng conmon paras1tes of spec1f1c birds or bird groups
represents a monumental task at least with these two maJor
paras1t1c protozoa. Many additional factors, such as ava11§p111ty ‘
'of vectors, suitable c]1mat1c conditions and deta1ls of the local ;.'
environmental s1tuat1on are 1nstrumenta1 in the eventual production
of answers regarding this problem. T '

. It is apparent (Table 1) that certain families are not
only more suscept1b1e to-infection than others, but also more
prone to.{pecific parasite’infections. 'This pgint_ts particu]ar1y
true when‘the families represeqted by reasonebl;:1arge sample sizes
" are considered (Figure 2).. The bar diagram i11u$trates:that the'
major Passerine‘famt1ies, Frindi]jidae. Icteridae, Paru]idae and |
Turdddae, are highly susceptible families for the avian henato;oa.“~. - 4,/11
E .The Ploceidae and Columbidae .are not considered at this t1ne |
'because the total nunber of birds reported for these~groups comprises
a sma'll number of spec1es u - ‘

The preva1ence of the spec1f1c paras1tes (F1gure 3)v1s
presented for the six major b1rd fam111es under study These bird
groups are cons1dered as "major", in that they represent 87.5% of\ ' Y ;'.i"
the - tota] b1rds examined.. ~. | . . - n: S :‘l o . ;

' - The Fr1ngl111dae are . observed as be1ng fairly consistent e

‘1;—

in its Haemoprof;eus (44.8%) and Leucocytozaon (42.8%) wﬁécé;ons T
: . : ) B .4//- T o o

T
. 1

b ————— o . Te e . ‘.




.
i
v
"
.
-
.

contributing t

s .
.
¢
’
N
.
7 f
B
‘ 4 ,
- I
: - !
4 f
. .
e
o .
.
3
" “
- e
A= A
s . .
“
‘
v
- " 0
J . . '
°
r . ) .
N N
" - "
1Y ' -
B
)
i/ L s
a
N
7
.
f
, s . -
f N . cur i s - .
’ I s v
-~ 4+ -

ot
\

he North American bird surve
. ) . . . N

.




... » B ’ .
- . h
) %
.. )
L co- N 4
. o
° .auf . . - . L} - . - ’
1 - . - ! - ar- - . . - . .
N . ) ~ . . ) ‘ , L
. N . ) . i " spilg JO sSquaN (Do () : .
T . 38120d¢ sup Ay pejusssidey » & N (0
. . A Apns juesdiy u) sisA|puy Ppejinjeq UBALD sejjjwDy Sul By ¥. ¥ - :
" ! . ‘ [ ' . . - . - ' .
. 3 ' N R ) ‘o ’ . - '. < '
X . - - . s . . < . . .
N ‘ « H . . . - - - R ' R
- ) : . ) o ' i g ) - N ' N ’ .
T - E : . . . - ‘ . o

e

r A4

-
b

A




s

[

L

Anatidae, Fringi-ﬂidae
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Figuré'3.© . -

A compar1son of prevalence of
Leuaoaytozbon, Haemoproteus and PZasmodwm .

© in six bird families:
Icteridaé, Parulidae, Tetraomdae -and Turdidae
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as well as possessdng the hi'ghest rate of Plasmodium 1nfect'lon.-'

The Anatids, Icterids and Fringillids are col'lective'ly responsib]e

' for approxmate'ly 80% of the total Haemopmteus 1nfect10n. Similarly,

the major percentage of the Leucocytozoon-‘infect'lon is concentrated

in four families namely , Parulidae, Turdidae; Tetraonidae and
B I : .t
Fr1ng'|1hdae : .

7

A closer exam1nat10n of Table I shows that w1th1n particular -

bird families the paras1 te prevalence varles from species to species..

In the Icteridae for examp]e Agelaius phoem,ceue represented by -

Ca tota1 of 708 b1rds,, had an 1nfect10n rate of only 13.7% whereas. :

643 Icterus buZZockii had a parasite preva]ence of 100%. _More '

s1gn1f1cant than the overall preva]ence 1n the latter species is

the point that 94.3% of the infected bi rds harboured Leucocy'l:ozoon
Similar findings are noted within most of ‘the bird families,

i.e, spec1f1c parasites were more common in some spéc1es and not

in others. For example, 72.9% of the 1nfected Cazpodaaus purpurez_as |

- harboured PZaamodwn, whereas the remainder of the Fr1ngﬂHdae

possessed very low 1evels of the parasite and in a number of cases

it was conplete'ly absent. Generaﬂy the Parulidae exhibit a h1ghﬂ |

lavel of Leucocytozoon, with the other two hematozoan Species being
¢ 3

o re]at‘lve'l_y scarce. Spec1es of Haemoproteus were espec1a11y common -

7

in the woodpeckers, some Sparrows, blackbirds and ducks, but. rare

. or absent in t.he Paridae, warb]ers s geese and flycatchers. - T'h_e_ -

2.

e
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four Passerfﬁi families are. . observed (F1gure 2) to have an 1nféct10n
rate which is markedly h1gher than that of the overa11 average |
(Table II) and greater than the six families taken collectively, 2
as described preyiously. On the basis of these obﬁervations; much

of ;hé:speci%ﬁc,data in the stratified portion.of the North Améfican"_

study has been designed around the four Passeriform families, i.e.

. Fringi]lfﬁae, Icteridae, Parulidae and Turdidéé.‘

] . TABLE I
o .

Comparison of total b1rds and parasite preva]ence 1n three d1fférent
bird groupings. \ -

) ¢ * * - *
¥ Yoy A % % 4
Total Total Percent leuco-  Haemo- Plas-
‘ Birds Positive Positive . cytozoon proteus modium
Total of 4 , e
. Passerine. ) ' T
" Families (F1g 2) 6730 -4495 - 66.8 49,3 44.0 . 18,1 -
Total of 6 . . . ‘\‘:

3 Fam1lles (Fig. 3) 12559 6979 . 55.6 - 46.0 49.1 18.0

Total Fam111es

as per Table I 14360 7984 55.6  43.0  45.7 - 15.9

*Infection rates .presented are pe¥gents of infected (pbgitive) birds.‘\-

~ . : i o /

e

r .



I frequently nest in the tree tops. . A -

-

STRATIFIED | |
The birds)pr_esented'in Table I are known to vary in their |
habitats'and'nesting sites. This fact, aiong,with the apparent

differences in the rates of infection‘and parasite preva]ence,Aforms‘

the basis for this portion of the North American results. With these’

. two points in mind, a stratification system was designedl (Figure 1) .

in an attempt to place the birds in their most susceptible location .
for infection w1th1n the wood1an8 and marsh environments.

Hab1tat se]ect1on is presented (Flgure 1) as a function of
vert1ca1 stratification in the woodTand (coni ferous and deciduous)

and marsh env1ronnents Strata 1 is intended to include all1 birds ‘

~ which norma]]y nest at the ground level in the wood]and env1ronment

Thus the des1gnat10n (0-1 ft.) wou1d include the ground cover and
Tow bushes found at this level. Strata 2 (2-10 ft.) takes.in the ,
level which is usua)ly occup1ed by birds nesting in the shrubs and
1Lw tree 1eve1s up to 10 ft. Strata 3 1nc1udes the mid canopy levels’

(11-25 ft. ) in the forest env1ronment Strata 4 is designated as the

‘top canopy (25 ft. and upward) ahd wou1d 1nc1ude those birds which

o

Strata 5 and 6 are ass1gned to the marsh env1ronnent and o
can be considered as equivalent to Strata 1 and 2 of the w00d1and LI

environment in as far as the vertica] strat1f1cat1on is concerned.

‘Specifically, Strata 5 reprgsents ‘the area in which birds are found'

: nest1ng in the Tow bushes on the marsh surface. S1m11ar]y, Strata 6

‘would include the shrub habitat beside water in‘the marsh enyjronnent.

©
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The system was conceived after much study of the nesting

sites and habitats frequented by the bird groups as reported in the -
literature by Bent (1963) ‘and Godfrey (1966). Pérsonal COmmunicatlon

with Bennett. and Herman and a-perusal of a similar sﬁstem used by

Bennett (1957) in. his study on the genus ProtoaaZliph;ra were of

. tremendous he]p in the fina] construction of the system.

' Although thisfsysfgm can be criticized for its- breakdown,
where var1OUS ‘birds tend to overlap in more than one level, it is

felt that in the main, the mode] can be substant1ated by literature

'reports and field observat1ons. Its primagy function lies in the.

fact that it does,provide a framework withdn which the avian‘blood
) .

‘parasite problem can -be stud1ed systemat1ca11y The implications

of this type of approach must ultimately- be cons1deced in the

light of the feeding behavior and habitats of the vectors. {This

1atter_point s expanded in the NewfoundTand Section of Results.)
Each of-the species fittinéia particular stratum was
grouped (according to-Figure 1) with other members of its tamily

at’ 1ts.preferred level'and presented in Table III. This apg;oaoh \

enables the study of nesting sites (assumed to be critica] Tocations

_for infection) of the hirds as well as.the distribution of the

parasite preva]ence throughout its natural habitat fh s1tuations

: where birds were reported to&nest 1n several strata, the one selected"

) represents the preferred habitat as determined from iiterature .

reports and direct observations made by ornithoIogists in the field.

&
v .

S
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Sfrata-
1

- .Total:

Family.

ACCIPITRIDAE,
ALAUDIDAE

CHARADRIIDAE

CATHARTIDAE

. FRINGILLIDAE
- ICTERIDAE '

PARULIDAE

PHASIANIDAE -
SCOLOPACIDAE
TETRAONIDAE * -

TURDIDAE'
TYRANNIDAE

© - 482

©  CHAEMAIDAE .
 CORVIDAE

FRINGILLIDAE
ICTERIDAE

-MIMIDAE

PARIDAE
PARULIDAE
TURDIDAE -

~ VIREONIDAE

Total:

Total
Birds

\

4 .

5
-+ 13
1
1004
2

53
135
1368
350
115

3532

76
1738
150
109
176
623
228
74

3175

Positive Positive cytozoon

1955

TABLE 111

\

Percent

S

S oOTONo0 O

RO —=02

a s e e a2 @
WWhROWOOOONO

N~y
-P-h;u‘l
) .

_ ’Pdraéite_pre?a]ehce of North American bird families utilizing the

%
Leuco-

strata system.

9 %

Haemo-

Plas-

NW 0 OO~

70.0 . -
90.8"
25.0 -

98.3
64.2

" '50.0
. 67.1

d
*

SN O O 00
* e s o s o
- NSO WR

49.2

proteus modium Others

100.0 .
56.5 3.6
©100.0
30.3 2.1
95.8 .
25.0
_30.0 13.4
0.8 0.4
10.7. .
38.6- 5,9
46.9 3.
35.0 53
28.2. 34,
a6.
5.5 1.
5.5 1.
38.8 4.
39.0
28.4 3449
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;Strata "Family;

3 . -AEGITHILIDAE

% ARDETDAE
BOMBYCILLIDAE
CERTHIDAE
COLUMBIDAE .
FALCON IDAE

~ FRINGILLIDAE

'HIRUNDINIDAE
ICTERIDAE

~PARUL IDAE
PLOCEIDAE
PICIDAE . -

. SCOLOPACIDAE -

~ . STRIGIDAE
- STURNIDAE
~ "VIREONIDAE .

_Tota]:' .

4 ACCIPITRIDAE

" ARDEIDAE
S CORVIDAE
R FRINGILLIDAE

L, PICIDAE

.-, STRIGIDAE
" SYLVIIDAE
- . THRAUPTDAE

; i-To?a1§ 1

TABLE III (continued)

Total Total Péréent

Leuco-
Birds Positive. Positive- cytozoon proteus

‘g

o~

3
Haemo-

%
Plas-

modium Others ‘

79.6
51,2

94.3
41.0

1.6
100.0

100.0- °
87.5

81.3
68.7

2
~.2 . )
14 8 57.1 - 75.0
4 - 1 25.00 100.0
99 98 99.0  12.2
5 1 - 20.0 100.0
195 166 - 85.1 = 81.3
72 6 8.3  33.3
634 634 . 100.0 1.3
418 332 79.4.. 86.4 -
549 509 N - 92.7"
60 . 25 41.7 8.0
2
28 18 64.3  100.0
21 - ,
3 1 133.3 100.0
2108 ™ 1799 85.3°  26.3
17 0m 54.7  90.9
.3 _
9 1 LT
67 55 82.1 %49,
6 32 '88.9  21.9
Sy ,
40
28 16 57.1 - 12.5-
201- 115 57.2  40.0 -
) dta‘l
v "'.

&

- (2)

o -
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Q

‘fStrata . Family .

ARDE IDAE
ANAT IDAE

- COLYMBIDAE
GRUIDAE

ICTERIDAE

- PARULIDAE _
-+ RALLIDAE

. ijtaI:’~

ARDEIDAE - .
ICTERIDAE  °

Total: ..

. 4467

Toté] Total

]

Percent

TABLE TIT (continued) .

\

. %

Leuco~ -

Birds™ Positive Positive cytozoon

g8 .
1849
3 .

2 "2 1 "100.0

18, 18
6 4

23 23

‘ s,
' f t
v )

1873

41,4

100.0
- 66.6

L 416

% 'r\.
] -

9 .

Haemo-

%

P]és-

"'.

32,5 .-68.1

s

proteus’ modium Others

<

o 30.0 190.0 .

94.4
. 25.0

35.9 ¢

67.3

LA

19.4

- - , .
.

0
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" in the Fr1ng1111ds,,1cter1ds. ParuJ1ds and Turdids. These groups

" heavier. doncentrat1qn of 1nfected b1rds in ‘the m1d canopy levels

3
) i 1
, , . . . |
S ‘, 42
i

It is'evident. (TabIe III) that Strata 5 and 6 are Iess '

weII represented than the other four strata in terms of bird fam111es. -

-1t is further noted, that the presénce of the Anat1dae in the\marsh

- env1ronment, ‘makes the area significant in terms oflnunbers of

b1rds and parasites. Because of the d1st§ngu1sh1nglfactors of

M
B

Strata 5 and 6, they are omitted from the genera] dHSCUSsion

) 1nvoIv1ng the bqu of the birds wh1ch occur 1n the woodland env1ronment

Although there are. many Iess b1rds reported for Strata 6 (Tab]e III) as

compared to Strata 5 the flgures compr1s1ng this study 1ndqcates

, a heavier .infection rate for those b1rds whose nests are elevated .

_in the .marsh env1ronment T . \
: <Sx = :
- There is an apparent ‘higher incidence of 5100d paraS1tes
‘ [

are. observed as ye]] to have representat1ves 1n most of the strata

'w1th1n~the¢§ystem The Fring1111dae, as ment1oned ear11er, are
o

further noted for the fact “that they are reIat1ver consistent in

ts 1nc1dence of infection throughout all Ieve]s or strata

N
L

In order to better evaluate -the hypothes1s that a-
strat1f1cation does ex;st among the.various birds reported 1n the

strata system, F1gure da- was constructed to compare the 1nC1dence

/
.

of 1nfection w1th1n Strata 1-4,

The graph (Figure da) shows a definite- trend towards a.

.67

- . - ;
T e -

.jand part1cu1arly.5trata 3 SeveraI stat1st}ca1 tests (Chi Square'
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o : S Figure 4. - i

R : (a) Overall infection rate for all bird families occupy1ng
I . strata 1, 2 3 and 4.

. K (b) Infect10n rates of. four passerine families
*° ° (Fringillidae, Icteridae, Parulidae and Turdidae)

- +--.-At-each-of the _four strata.

~(c) Compar1son of a1l bird fam111es and all fam111es

N - excluding the four.passer1nes in F1gure 4b.
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and T-Test) also ver1f1ed that there was stat1st1ca1 d1fference

between Strata 1 and 3, 2 and 3, 1 and 4, and 3 and 4 at the 05
conf1dence 1eve1. Thus, the expected trend was shown to be

stat1st1ca11y s1gn1f1cant S,

The result of the trend estab11shed in Figure 4a and-thg/\\

LY

R stat1st1ca1 tests performed on the data a]so supports similar

. : \

-

' It 1s observed (F1gure 4b) that with the except1on of the Turdidae, y

"canopy 1eve1 of the system A

results obtalnedrprev1ous1y in Algonquin Park. Bennett éhd Fa]lis
(1960) suggest that it is more than a mere coincidence that btrds_
with the h1ghest 1nc1dence of Leuaocytozoon~usua11y est at heights
five or more feet above'the ground, where many wood}an species of.
ornithOph111c s1mu111ds are known to feed Subsequent]y, many of

the birds with low incidence nest on or near the‘ground ~Bennett

‘(1960) further: supports his prev1ous v1ew by not1ng that his

tabular results clearly po1nt out that most of the wood]and species

44

of orn1thoph111c D1ptera«feed on b1rds-severa1 feet.above the ground -

r

level.

As-the data ut111zed An- construct1ng Figure 4a is fairly

‘heavily wgﬁghted with b1rds of the four Passer1ne’fam111es (Table II)
it was felt that add1t1ona1 analysis (F1gure 4b;\ﬂould be userI

in studyjng the adherence of these bi rds to. the overall pattern

\

wh1ch were not represented in Strata 3- and 4 the other three groups
|

-

denonstrate a defin1te trend towards max1mum 1nfect1on in the m1d .
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The downward trend in the Turdidae, from Strata 1 to

: Strata 2; may have been influenced by'the fact that the oniy

jspepjés of that family in this study which was designated a haﬁitat<

‘other than Strata 1 was Turdus migratorius. ' ,.

To_furthef test the hypothesis that the majority of the

birds become infected- in thé mid canopy levels, it was demonstrated ! R

(Figure 4c) that when the Icteridae, Parulidae, Fringillidae and

V-Tu%didae are removed from the total birds éompkising the present‘

study, a close corﬁelatfon\still exists with ihe initial trend '

_established in.Figufe 4a., This information is supported by Bennett

(1960) in which he noted that the prime,veétors for the transmissioﬁ_

of Leucoeytosoon and'Haemoproteus ire also prominent at this level. -

In-his study, he observed ' that the ornithophilic fiies copld be

. classified into.one of two.habitats, namely the lakeshore and mid

1eye1§ of the forest. ‘The latterrhabitat is known to harbour the

specific vectors for the two hematozoon groups mentioned above.
.- . . . A ,"/ - . d ’ BN

P , ; . — o
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INTRODUCTION |,

Prlor to the present study, the feed1ng hablts of the o
'adult Simuliidae in Newfoundland were virtually unknown. Previously
" the only major study area 1n which work was conducted on the.- o
¥ rnlthophilic Diptera 1n North America was in Algonquln Park by
Bennett and Fallis (1960), Bennett (l960) and Gollini (l970)
Since 1970 there has been conslderable research conducted
on the $imuliidae in Newfoundland Pickavance et al. (1970)
conducgid a study in which some of the Newfoundland species of
mosquitoes and Blackflies'have been'identlfled. Lewis: and Bennett
—(1973) present an extensive"recOrdﬁon the $imuliid larvae and
pupae population o; the Island. The results of a four-year survey
of the blood'parasltes of the passeriform birds of the Avalon R
Penlnsula of Newfoundland has only recently been completed
(Bennett et al. in press). ' '
' The present program of research was designed to establish
‘ whether ‘the prevalence and distribution of the parasites, hosts
and vectors support conclusions of the studies of infectidns in
North American<birds. Thus the'feeding behavior of the
ornithophilic Diptera are studﬁed w1th a v1ew to obta1n1ng data on
the. vector potential as .it relates to the various" groups of avian

" hematozoa known for the’ Newfoundland bird populat?gn. .

F



~comnare the ‘Tocal Newfoundland results with Fhe‘data presented

a8

An extension of the main function of the thégis;Was to

~

~ean1ier in the North American gection. It is assumed.that certain ',

of the patterns estab11shed in North America as a whole, e.g.’ f

strat1f1cat1on host preference habitat select1on, should have an

'
application to the 1$1and of Newfoundland.
;
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Figure 5. ,
Map of Northeast Avalon Pen1nsu1a
showmg Tocation of the three testing sites:
. . {T) Manuel's River
o (2; -Pickavance Creek
(3) Cape St. Francis
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* MATERIALS AND METHODS

t

The field work for this study was conducted dur1ng the« .

summers of 1970, 1971 and 1972 m three general areas (F1gure 5)

on the Ava'lon Peninsula region of Newfoundiand w'1‘th1n an approx1mate

50 -

radius_.of 16-32 km.,fr7om the Memorial Um vers1ty Campus in St. John's. |

i

A.. -DESCRIPTION OF TESTING AREAS

I. Plckavance Creek

e ——————

The major port1on of the research was conducted 1in the

o Pickavance Creek area (Pickavance et al., 1970 Lems and Bennett,

1973; Br'adbury and Bennett, 1974 ) which is Iocated approximately

.16 km. west of St. John s on the margins of the Trans Canada Highway.

This stream and its environs has been extenswe'ly described by
Lewis (1973) "Lewis and Bennett (1973), Bradbury (1972), and Bradbury
and Bennett (1974) ‘

R

' prov1des an exceHent she]tered location for col]ectnng
'ormthophlhc,ﬂies. Severa] sites were tested - (utﬂizmg bait birds
" and sweep nets) a"lohg t_he,str;eam prior to the selection ‘of a
| "pe‘rmanent" testing sitg on the- basis of 1. abundance of

‘orn1thoph111c simu]hds 2 accessibﬂtty 3. she]ter from mnd

. A second testmg site within the Pfckavance Area referred

Ed

to as the "Knol]“ was tested on-a nunber of occasmns to compare

“The stream flows through the forest in. the area wh1ch -
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;-
these resu]ts with the "permanent s1te" which was located
approx1mate1y 100 m. away. The maJor ph_ys1ca1 differences between
the two‘ was thalt the "permanent site" ‘was within 2 m. of the stream
Hland was slightly below the level of the hi’ghv)ax whereas the “knoll_'"
~ was at a much higher elevation (20 m.) above the road and a
considerable d%stance from the stream. ‘
. II " Manuel's River .

) Manuel's Rwer 1ies approx1mate1y 4 8 km. west of the
P1ckavance on the Trans Canada Highway and has similar vegetation

to the latter area. ,_T‘he ‘damming and en]argement of Thomas Pond
'has-hleft_ the, testing site,- ut1'11';ed in the Manue]"s Ri\éer area,

as nothing more than an-overflow from the'pond- which, during the
study.was fre"quent]y reduced to a mere trickle. The overall area
was less heavﬂy forested than the P1ckavance area, had fewer -
' streams and was markedly 1nf1uenced b_y wmds b]owmg off Thomas ‘Pond.
ITI. Cape St. Franc1s
/ Cape St. Franc1s was the third maJO'r area tested in - 'l

th1s study and in contrast to the other two was s1gn1f'lcant1y
different in pract1ca11y aH of its aspects. The area s 'Iocated'.
approx1mate1y 32, km. north of the umvers1ty campus, over]ookmg }
' the North Atlantic Ocean "It has been descr:bed (Bennett e:; aZ’ ‘]974)
.as a "Marine" barrens S1tuated on hi gh rocky bluffs w1th extenswe
B glac1a1 tills at the base. ' The vegetatwn of the regwn consists -

o

ma1n1y of short dense, w1nd-def0rmed conifers in, she]tered hoﬂows,
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and a ground cover of .grasses and heaths interspersed with many

) K e 3 cps : o )
exposed areas. The climatic conditions can be generalized as one -

" in which it is directly influenced by high winds and frequent '
foggy periods. The streams and,marshes in the region are minimal.
Utilization and physical characteristics of the four
areas are sunmarized in Table IV. . _
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“TABLE 1V
: LCofnparison_ of.Testing and Physical Features gf three N‘,ewfound1and Test Areas.
e e PICKAVANCE CREEK - - MANUEL'S RIVER © CAPE ST. FRANCIS
. IR " 7" Permanent -~ . R L ~' CaT
S S Site % Knoll ,
» .. Frequency.of° - - - Permanent = 100 m. from .  Stream fluctuated,
: Streams : Stream in Area Strgam : often a mere trick]e Minimal
" | 'Frequency of Wind . ° Generally.  Generally " Generally moderate- Generaltly high
N © L. 7 unaffected -~ moderate . . .hi gh - )
” .Frequency 'of° lfog* S Yy ) ,‘,_,,3' - 1/8 N anz. - o 8/10- -
‘-.g‘; . . 3 : . . -
Average Temperature** : '_'"22°i}. o 21°C. 2 R £ 1
) Total No~ Days Tested Y, - L0
- Test Method " - Pfe-selected  Portable . Portable Hoist - Portable Hoist
o . Tree Hoist . "Hoist o : : : Lo
" . ‘No. FHes collected L. I S o
2. .. fromBait Birds 350\ 8T we e s
o _ . Mean F11es/B1rd Hour . T 3 2 ‘o, 8 N ‘ T 2,3 : . 14 .
. Conectmg Tines . 1800- zzqo . 1800-2200 - .  1800-2200 hours . - 1800-2200-hours
X, «hours -7 . “:hours .t T
) oo L * No\ of test. days fog encountered, compared .with total test daya. - .
: DT 3 Average temperature- for collecting days dur:l.ng 3 year study period. _ ' "\
. ) ) ' ' M .- ‘ R ‘ 5
A ) _— ' .
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B. COLLECTION TECHNIQUES  »
- T ‘General R _ _
SR At the-initiation-of the Study; the:feqhniqdés described . °

by Bennett (19605.fdr‘thehc011eﬁtion of drnithopﬁific'bitihg fiieSg"
awe?e appliet to the,pfiigpt’iggestigation..;Mjngr‘h$difjcations ’
_ duri;g the ffrst season, héuevéf; weré neéesg&ry.to ac%ommgdate
| ‘the. Tocal conditions. The modifications' were: TE_ATﬁost total
e]fmjnatipn.df groqnd Fegting,‘hhich'yielded {}ayisftca11y
; insignifjbdnt ﬁumbe}s of'fedzflieﬁ Aé.‘ Regtriétioh of coi]eetipnéi

tq.the forest qnd_stream habitat .as opposed to theilakéshore habitat:
which wa’s tegi;é jn.Bennettfs study 3. ?;nﬁéﬁ hens: were ghe ma{n‘
' bait'birds'uti1iied bypthéxh?thgf whereas Bennet? made use éf. }
divérselﬁjrd.;Egties.which wé}efkept in captivity. (In the ﬁresedt_.
‘study thisﬁpréceduré.wasInot,ﬁ$ed~because of41ack of faci1itjes),{f.

:‘.4. The-heighf above ground utifiied for-collections .of fed flies

o .
t

wds sléméwha't Tower than that in A’1gomiq,/¥ark,
| " In.each of the tgs@_éreas\an attempt was made to select a
.‘,sité b&sed on fhe ;Héf$er‘provided:and.the 1ocppioﬁ of a sditab]e( f
,};tregmfor'the‘ejévation-of tﬁé Firés'fé the ép?fopriate level for thi_.
_attraction of ihefornith;ph11ic flies. The only case in which a
35qiygb1e tree could beiseleEted fOr consistent.testing Qas thén oy

Pﬁckavance'ﬁpefﬁanént" site. The'otheﬁ‘areas.yéquifed the use of

"'a portable -hoist (Figure 6) which was constructed for this purpose.
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Portable Ho1st ut1lized for elevation of bait birds in test areas.
(Sca]e 111ustrates the d1mens1ons of the apparatus) S
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, 11 Simuliids and Ceratopogon1ds
- \'ﬂ 1 o : ’_ Bantam hens whicﬁ had proved to be successful ba@gﬁbirds
l)’ f[. .~ . elsewhere (Bennett 1960 Sm1th 1966) were used successfully for
. ' ‘ the attraction of -the orn1thoph111c s1mu11ids andpceratopogonids
e . . \\At d1fferent intervals dur1ng the study period ducks were also
= Nintroduced as bait ‘birds. " ' _' |

s } Co]]ect1ons of orn1thoph111c hematophagous f11es were - |
T ' essent1a11y as descr1bed by Bennett . (1960) The birds were held L {v
' 1n wooden framework cages of 12 1nches cube covered by heavy 1 | )
L. 1nch nesh The heads of the birds were covered by chamo1s hoods,

. which kept the b1rds relat1ve1y motionless and prevented the " "e; ’-2
- _ | o ffeed1ng flies from be1ng d1sTodged or devoured As a number of
| * birds were. kept on hand (pr1mar11y fema]es because they are more

doc11e), birds were se]dom,used onstwo‘successive days to avoid’

excess1ve stress on any one.

During ground coT]ect1ons the exposure cages conta1n1ng _
. 3,-".' ' the b1rds were p]aced on' 2. foot squares- of plywood at the test s1tes.

The birds were exposed for 20 - 30 minutes foTlow1ng wh1ch they -

|

; 5 were covered by ‘a_collecting cage The coTTect1ng cage cons1sted [

Ie

S va

o , ; of a wooden framework of 2 feet cube, covered w1th nylon screen (60
—meshes to the 1nch) on f1ve s1des, Teav1ng the bottom open. Heather;

e

: B .strlpp1ng, glued to the bottom frame of the cage, formed a t1ght
"seal with the pTyWOod base and prevented escape of the. flies. The

b1rds were Teft der these coTﬁecting cages for 20 - 30 minutes '
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after wh1ch ttue the engorged f11es were col1ected. Flies were

' col]ected. us1ng asp1rators through a sléeve.at the top of the." |
cage (F1gure 7). . '.~ o ; o L '
Slight mod1f1cat1ons of the procedure were requ1red when -
"collect1ng flies from d1fferent he1ghts The b1rds in the exposureji
. cages, were raised to the desired height (generally 15 feet) by a
_s1mp]e r0pe and pul]ey system, previously se?uredito the tree. A four -
. point ‘attachment ot two/ropes'to the exposure cage prévented it from = -
.spanning in -the air. The cages were raised to theidesired height, in

~

, approx1mate1y ten seconds and ]eft there for‘ZO - 30 m1nutes.x . p '

o FolloW1ng th1s they were Towered carefu]ly to the p]ywood squares .

S
' and the engorged flies co]lected as previously descr1bed )
S
A portab]e hoist . (F1gure 6) was constructed for use- in

| areas where des1rab1e trees could not be found for the attachment
'of the pulley system. The hoist was constructed of two gjeces of
l1ght-we1ght wood measur1ng 2 1nches square and 7 feet 1ong These
two lengths fitted together to g1ve a conb1ned he1ght of approx1nmtely
15 feet.- A cross bar of the’ same material approx1mate1y 3 feet 1n
| length was used for the attachment of the pul]ey system. Three- o
gu1de ropes attached to the vert1ca1 sect1ons and tied tgﬁthe small
trees or shrubs prov1ded a stable apparatus ‘to support the b1rds 1n .

the1r cages at he1ghts up-to 14 - ]5 feet. The same prdcedures for'

.raistng'and'loWering the Birds applied as discussed ear11er. :.‘

A
‘-
~
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. Figure 7.

]

'I1lustraf on of co]]ectfng and'expdsu}e (ho]d}ng) cagesf;'

utilized §n the collection-of ornithophilic Diptera. -
Collecting\cage (A) has opening at top which provides

.dccess for removal of engorged flies.. Exppsure'cage"_

(B) is-positioned on plywood board (C). .
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"the author or by aspirating them directly from the

Fol]ow1ng removal of the engorged f11es from the

co]lect1ng cages or subsequent]y the asp1ration of mosquitoes from

e the -author's body, the fltes were stored “in modified CDC cardboard. . ..
; containers (Col1ins et al., 1962) and conveyed to the. temperaturet

' contro] chamber at the un1vers1ty, where they were held at 16°C. L

and high humidity

The covers of the conta1ners had fine nylon mesh tops

which provided a_means for supplying the flies w1th water which ‘was .

accomp11shed by p]acinq a plece of saturated t1ssue paper on the

surface. - A trap door cons1st1ng of denta1 rubber dam provided

’access'to the flies for future examinat1on. Inside each conta1ner : ]”

a sugar cube was p]aced to provide nourishment for the enqorged f11es .,

III. Mosquitoes and Hippoboscids »
' Mosquitoes were co]lected primar11y by ne[ting them about e

uthor S. skin

B as they enqorged So few mosquitoes were taken from the ba1t birds
.that this method was the only successfu1 one for obta1n1ng thgse '

A--D1ptera, as- the use- of other trapping forms are not practica] in

I "_..\

,'Newfoundland bepause of vandaltsm.~f' . L .

prpoboscids were taken entdre1y from native birds

A L

‘trapped 1n mist nets by Bennett during the same time add locatfon

as. this study At no t1me were'these f11es observed on.or near

the. ba1t birds, as might be expected (Bequaert 1953) ) ;
,ﬂ\ \ °
e S ‘

v
\\\\\



c. EXAMINATION OF ENGORGED FLIES L -
o ~In th laboratory the f11es were 1dent1f1ed and then o
d1ssected with a v1ew to exam1n1ng the éa11vary g]ands and h1ndput
for sporozo1tes and’ trypanosomes (Bennett 1960) ' ‘:
' : ' Fo]10w1ng remova] from. the h01d1ng conta1ners the f11es.

"were ch]oroformed and then d1ssected on a clean micrescope slide.

.A second s])de‘conta1n1ng two separate_drops of saline were the
I:,reeeptac1es‘tor the hindgutrand the,sajiva;y g]and.? A couer s1ip
.'was placed on the s]ide.and then_bdth‘struttures_were examined for’
_the ﬁresence of paras1tes. This method was employed fdr the fnur

groups of f]ies under study

D. WEATHER AND CLIMATIC CONDITIONS _
" For--the duration ofzthe f1e1d work a log was ma1nta1ned
= on the genera] weather cond1t ons exper1enced 1n the nesearch area.

" During any gfven day in which f11es were col]ected notes were made .

.t

~on air temperature cloud cover, w1nd cond1t1ons and t1me of sunset

In add1t1on to these reports, 1nformat1dn obta1ned from the N
. Meteoro1ogica¢ 0ff1ce St John s Airport enab]ed the presentat1on

a2 :.‘ ’ . .
~of weather synops1s for the three co]Tect1ng seasons.' )

In 1970 the. mean month]y alr temperature for 1ate June

to m1d Ju]y ranged from 14° - 22°C., with an occas1ona1 n]ght go1ng
Pa.- .- °

'be1ow ]2°C Dur1ng the 1atter part of July and. a]1 of August the ﬁ;

f

:': : temperatures were genera11y higher rang1ng from 22° 30°C.

,Prec1p1tat1on was extreme]y Tow and there was usua11y«a s]1ght "d .

—

60 .
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- was ref]ected in the low numbers of fhes co]'lected

-'-

bréeze "of wind blbwin'g in the 'research-area'._ The high tenperatures

and dry cond1t1ons neduced P1ckavance Creek to a mere tmck'le wh1ch
?M

&

In 1971, rela'u vely h1gh temperatures were stﬂ]

- experienced but.the general chmatu: cond1t1ons (p_rec1p1tation and

'. wmd) were not as drast'lc as. the prev1ous year. It proved fo be a -

’

much better season for coHectmg purposes. ' ' D

o

agam the number of fhes coﬂected were mUCh reduced

S

.

The ﬁna] year (1972) was very s1mﬂar to"1970 and once ':
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“RESULTS AND DISCUSSION - |

L

Preliminary-observatfons; conducted in the field, suggested -
that certaln groups of hematophagous D1ptera were re]at1ve1y '

abundant whereas others were absent or genera11y unattracted to the

. bait birds. The 1attEr observation was particu]ar]y true in the

~ occurrence of the mosqui toes and hippobosc1ds The‘former group

amounted to a s1ng1e b]ood fed. spec1nen wh1ch a]so represents the

total number attracted to the birds dur1ng the study H1ppobosc1dae

L were even more elusive in that they were at no t1me observed by

the author in the field. ‘. . ,
bennett Campbe11 and Caneron (1974) in a survey of. 2675 ‘_

"passer1forms in Newfound]and found 80% to harbour blood parasites. .
"The breakdown of these paras1tes was 92% of the 1nfected b1rds 7

:harboured Leucocytozoon, 22% Huenvproteue, 17% Trypanasoma and 2%
."Plasmodtum.- From these f‘Q“IEE,lF was assumed that .the vectors of

"Leucocytozoon and Trypanoboma (orn1thoph1]1c s1mu111ds) would be

the most numerous followed - by Cerat0p090n1dae as vectors of

J

Haemopnoteue and mosqu1toes as the- transm1tt1ng agents of PZaenndbum.

Toa

; Species of Simu1uiidae and Ceratopogonidae"

+

o ,7 | A F0110w1ng severaI tr1ps to the research areas 1t became -

apparent and 1ater ver1f1ed (TabIe V) that the’ most abundant
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. Tdtal oimitﬁ'ophilic. flies and total infected flies
- collected in three Newfoundlard test areas: ‘
" (1) Manuel's River (2) Pickavance Creek (3) Cape -
"+ -St. Francis (see Figure 5) during 1970, 1971 and 1972.
: : . o o . P
s v
‘ Total”  Total. --Percent
Examined. Positive Positive®

!

f .
f

390 ~n'o,;§f. 28,2
e 6. - -

-24 ; .
3 "’r.."" "-.v_f

o smuLIIbAE
A -Zatipee’: S
5. aureum
S. gouldingt
" Total:
CERATOPOGONIDAE

',

4

8 25 ' ame

Total: I A 1_84' S5 1’3..6‘7‘ -
wosUIToEs - - e s 76
o Total: R 197 B 1.6 '
) MIPPOPOSCIDAE - .. - 101 -
_ :I"oti_ﬂ: :‘ o | 5 “.'I,O]v . ., _
COVERALL TOTAL: - - 8% 186 - . 17:4

) c. atiZofJezzoide,fs_
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| ornithophilic flies were the 51muliids. In several instanées

, nanma]ophi]ie species, particuiarly 5. penustum were removed from -~

the ca]lecting _cages, but at no time were they observed to have fed

‘ on the birds. The only forms which had taken a blood meal were the

- 64

ornithophi]ic flies which were recognized by the” presence of a bifid -

R

tarsa] claw (Shewe11 1955)

Unlike the situation reported in\Algonquin Park by '
Bennett (1960) who showed 9 = 10 species of ornithOphilic Simuliidae,

only 3- species, viz.

. Stmybium (Bueimilivm) latipes aict. neo Meigen
Sémuliun (Buaimilisn) aureun Fries:

_ Stmultum (Euszmulzum) gouZdzngL Stone _

occurred in the Avalon study area. 0Of these the maJority co]lected K

’*/__? iC Lo 28

_were the Zattpee type (Tabie V) Bewis (1973) concLudes that this

i spec1es comprises the maaor percentage of the’ tota1 ornithophilic o

b]ackfly popu]ation in small 'streams. .
’ In his study Lewis reborded 21 spec1es of sinu]iids from -
insu]ar Newfoundiand of Wh1Ch hl are thought to -be ornithophilic

However, only two oﬁ the eleven bird féeders are abundant, S. Zatzpes

, 1s widespread throughout the 151and while P. pZeuraZe is épparentiy

abundant on1y in western Newfound]and i In the present study’

-

S Zatzpes was also found to be heavily infected with’ Leucocytozoon

Pl

- and appears to be the prime vector for: this genUS of parasite in the

avian population T C ';

w7

, .



8. aureum was co11ected in much smaller nupbers than :

3 ]

- s Zattpes but~the 1nfection rate was generally s1m11ar (Tab1e Y).

Szmulzum gouZdtngt was on1y co11ected on two occas1ons and 1ike:

- aureum was restri cted to the Manuel S. River area - Its small. nunbers

and absence of sporozoites and trypanosomes has resulted m its
exc'lus1on _from the statist1ca1 port'lon of th1s study. Lewis (1973)
reported it as a new record for the area and notes that it. was S
_restricted to six stneams a1l on the Ava]on Peninsula. .
f . The on1y other maJor group of hematophagous Diptera whi ch
N " were coHected in the "fed" condition wer'é the, Ceratopogonidae * The .”
‘//(nndges co'Hected 1n th1s survey were restrkcted to one species, name]y,
GuZwm,dea stilobezzioides.” The species was genera'l'ly represented o
by a large number of 1nd1v1dua'ls and as it has ‘been proven to be . _ f? N
’ A vector for Haemoproteus (Paz'ahaem0pmteu3) canachttes and H velans, .
etc. by Fa]hs Bennett Khan, etc,. jt-is assumed to be the only
‘vector in this area , It 1s 1Hustrated (Table V) that on]y ‘4z, 1% _
" as many m1dges were coHected as compared. t/ the b'lackf'hes and ' B :‘_ f ,
1t 'is further observed that the 1nfect1on rate is much.lower than o o

in the s1mu'|nds ('l3 6% as conpared to-27. 8%)



. "'Species of Mdsquftoes and Hippoboscids - ' o
, . N : ~" ~ E ', . "0 '\

-

- f“ Severa] spec1es compr1se the mosqu1to col]ect1on in the 1(
present study HoweVer as these fltg; were not removed from the '.
ba1t b1rds, but rather collected us1ng a sweep. net the resu]ts
"6 'h,/ D(Table V) represent the mosquftoes as-a whole and does not 1nc1ude
ar spec1es breakdown. The maJor1ty were Aedes (OchZeratatus) punctor‘

© . K1rby P1ckavance et al, (1970 tegtab11shed that»th1s mosquitowas -
. the most abundant spec1es on the Avalon. -~ . . " '

. @

. Orntthomyta thnthZtna was the only h1ppobosc1d examined

L, PR in th1s survey. A1T f]1es were taken from birds with Haemvproteus

’

ko "(Parahaemoproteus) thZtst, H frtngtzlae or 4. orizivora. As no
' < 1nfected h1ppobosc1ds vere found these results agree with Bennett
AL R - ~ ®

’ and Fa111s (]960), Fa11ls and Bennett {1961); f1nd1ngs and 1nd1cate .

~

they are not vect0rs in the Newfound]and reglon

_'

% . . L Fo]10w1ng cdﬂ]ect1on5°of the fed -flies, the anects were

. ‘e
3

& E . exami ed in the laboratory for the presence or*absence of bIood
Cl . S paras1tes The actua1 breakdown of these 1nfect1ons (Table VI)

'f'h E obserVed in the h1ndgut and sa11vary g1ands are noted for the .

. _;, « .o various orn1thoph111c f11es§reported in Tab]e V. 'J’ v .

]
4 »

',J‘»" . "~ :.. ‘-, ) It is obkeryed that the! S1mu111ds ceratopogon'ds and -

1.3 _mosqu1toes harboured paras1tes qf hemospor1d1a

'recocded for the sa11vary g1ands WEre ‘either members of, HaemOproteus,

< - ‘o

L - ',' ’ ~Leucocytozoon or Blasmodzum depend1ng upon the part1cu1ar vector

N . v o
°, . . rl

booa L .
@b e Minvolved. ¥ is \nned1ate1y apparent that the S1mu111dae (vectors

"ty .5 i . .
Lo . o v Lo A

. -
S

L R
e
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- TABLE v;
H\.ndgut and saTWary gland infections of 1:.he
. N : - ~four—groups—of-orntthephilie—FHies collected:
) ’ in the ‘three Newfoundland test areasr—‘ ’
' - ‘ Infected Fhes
- L : H1ndgut* Sahvary G1ands**
J . A Overall, _ %
R ,’ ! -Preyvalefice™ Percent - Pexcent L
= SIMOLTIDAE ™% . .21,8% 75.0 52.2
o . A . .
.. CERATOPOGONIDAE- ' 13 5% - 75.0 ' 16.6
‘..n : " - v ‘ .o A
‘osqurfoes- 7;'y6 ~.100.0 C7a
P."WIPPOPOSCIDAE ' o 0.0% 0.0 0.0
- ..L .Q v
g
’ Q'Q . o ‘ A A . "
‘ . / ! ) b‘ .
‘ L " o l, p 'y
’ e ' . C) v P
) lr . " ' - i lér B
.'" - — ) - ]
T *Trypanosomes, assumed to be .’Z’ avwm ,H - A
‘ **Sporozmtes of Beucocytozoon, Haemoproteus and Plasmodwm» :
" ". o/ 2 : ° ) .
) 2 p “' oL . Y
¢ :: . ;ﬂ . . \\T . . ‘,
‘ f : B - 3 A~ Sy
‘ e . . .o A
: =3 , , . S T S LR Y .
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“of Leucocytozogn) had the highest, sporozoite rate which was )

s approx1mate1y three and a half t1mes h1gher than the next closest
_ group Ceratopogon1dae (vectors of Haemqproteus) Th1s agrees with

the findings of Bennetb et al. (1974) a{}'the1r study of Newfound]and

’
“,

passeriform‘\irds., C e e

, - .C;T-’
K - It s ae/umed from the resu]ts of Bennett et al. (1974)
‘ /"

that the sporozo1tes of Leucocytozoon represented in order of ‘their
& .
frequencies of occurrence be]ong to: L. fymngzzztnarum, L. dubreuils

(compr1s1ng the bulk of the spet1e§) and L. " majoris and L. sahkaroffi
const1tut1ng the -minor percentage of the tota1 blood paras1tes.,

Sim11ar1y, the sporozo1tes of Haemoproteus were. be11eved

v

to be those O‘F H. omztvara/fmngtllae. or H, faZZtsw. Sporozo1tes

' of PZasmodtum a]though only observed 1n one or two cases 1n the

present stydy, were e1ther tﬁose of P, vaug%ant, By ccrcumfid&um or

‘Q./)

e "l‘".r

S
Yo

/P reltctuM, probab1y the former, as this was ‘the most commen
—~ ¢ b, e o, EOPPA WRSTRS S

PZasmodzum‘1n the passer1form b1rds of the area.
o

The low 1nc1dence of gland infection in the nnsqu1toes ."-s

il n-l—\’ S ‘J

1nd1cates an absence or apparent Tow rate d? PZaemod%um transm1ss1on

1n Negfound]and Bennett et al. (1974) po1nts out that this -

' ma]ar1a1 paras1te‘was uncommon and further suggests that the

absences may ref]ect&the 1nsu1ar1ty of Newfound]and These ?f L Z%

v .

paras1tes are re]ative]y abundant in bqrds from adjacent ma1n1and
P T

- locations. ' . oL o ", S

Q

a°
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L

.
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‘, The hlndguts of many of the b1t1ng fly spec1es examined )
L
“with the except1on of the hippoboscids harboured trypanosomat1ds.
It 1s poss1b1e that many of these were stages of normaT f]aquTate
) paras1tes of insects. Howeveér, 1in view of the reports of Baker (1956)
'.and Bennett (1961) the fact . that the f1aqe11ates were confined to
the hindgut, and ther fact that most f?hgelTate 1nfect1ons occurred '
in f]ies harbour1nq sporozoite infect1on it was conc1uded that e
'these f1age11ates were most 11ke1y to be the' nsect stages of
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'; ‘cond1t1ons for co]]ections of blood fed f11es as well as the1r

s

A of the

. max1 mum.

. i "

..,'-.,' P Lo \ : "n

"OBSERVATIONS ON\FEEDING BEHAVIOR“OF‘ORNITHbPHILIC'DIPTERA' n

o - 7

l -

' From the field records maintained over-the duration of

the study period, 1nformat10n regarding the pr1me periods and

>~

abundance was_ exam1nEd and 1s reported 1n th1s section (Table V)

»

As was the case. in A1gonqu1n\Park (Bennett 1960) the

best t1nes for 011e¢t1ons of the crepuscu]ar Orn1thoph111c f11es, ’

&

was frx§ to 2200 hours Ten trlals conducted at other t1nes

by ere genera]ly unsuccessful in terms of co]lect1nq

l

b]ood fed f11ess On severa] occaslons early morning “collections’ ;
(500 - 800 hours) y1e1ded a sma11 number of S. Zatzpes, agajn

agree1ng w1th the pattern in A]gonqu1n %?rk ' g

The single, mpst pﬁof1tab1e t1ne for co]]ect1ons was’

1

observed to. be when the hum1d1ty was h1gh when there was .2 s]1ght

' bréeze and the temperature was between 19° - 24°C. Duﬁnng these i« o

per1ods the collections of b]ackf11es, in part1cu1ar were at a
ff(r . '\“, f, i . !

Due to the c11mat1c and weather. cond1t1ons\1n\hewfound1and -

the b1t1ng f1y season (orn1thoph111c and . mamma1oph111c) is. retarded s

When compared with s1m11ar reg1ons on the ma1n1and (Lew1s 1973)

It 1s noted that due to “an extended W1nter the streams probab]y 'n.‘

"' warm up more s]owly in’ the- spr1ng 1n Newfound]and than they do in

__.h—.--—\.

other reg1ons. Th1s would exp1a1n th& adu]t energence ocqurr1ng 4'.]

a month later in, Newfoundland than in Ontarlo.- T 5;,,,‘

b L ‘. i ! - N '
’ - . - - PR 2P .o ‘ , .
P N A WP . o’ . 1 . ¢ 4
- + - . - . ’ .
. . * M ve . LI




7 )

. T . . 4 .
. 3 The'testfng period‘in this study ran from the 1ast two
'weeks in June -to the end ‘of August During this time it was:noted‘\
'zthat the peak b1t1ng per1od was from early July to 1ate August for -
"all orn1thoph111c spec1es Lew1s (1973) a]so estab11shed a.similar

pattern w1th respect ‘to the emergence of the adu]ts baSed on larval,

.._and pupal stud1es

"The 1ow numbers of b]ood fed f11es taken on any g1ven

t

A”co]]ectlng day (15 - 20) in Newaund]and was 1n sharp contra?t to

L% that reported for Algonqu1n Park where several hundreds could be

./,.u‘— . A 6“
co]lected on- an opt1ma1 even1ng C o , .

Following three summers field work it was ev1denced that -
‘:'not only are the.spec1es of}orntthoph1]1c flies restricted in
_Newtoundland, but the_nunmers:are.far.lower comparedcyith reports
from mainland areas (GoT]fni, 1970"Bennett; 1960). Studies g
lconducted by Lew1s dur1hg the sane t1me as the present one alsor
'conf1rms that a_much reduced b1rd b1t1ng f]y popu1at1on ex1sts in .
’ Newfound]and ’ _ ; " ’ ' _
IneNewfound1and an approx1mate average of 5 f]les/b1rd’

"hour was' co11ected under opt1ma1 cond1t1ons,,averag1ng poss1b1y ’

J.
2 6 f1y/b1rd hour over the season; but 1n Algonqu1n Park a flgure

of 300 - 400 f11es/b1rd hour cou1d be optrmal]y obta1ned averag1ng o

15 - 20-f11es/b1rd hour over the season In add1t%pn on]y 27. 8%
_ of the s1mu111ds harboured Sporozo1tes of Leucocytazaon in Newfoundland

1 whaﬁéas near]y 80% were vectors 1n A]gonqu1n Park at the end of ’

-the season., , - . - . . : ST

.
, 8 o



.of exceptighal eff1c1ency.

Desp1te th1s Targe g1fference in both s1mut!1d numbers -

o and vector potentlal 82% of the passer1form bi rds from this study

_area in Newfbundland harboured Leucocytozoan, (Bennétt , pers coimm. )

of approx1nate1y 70% in A]gonqu{n Park. The’ s1m11ar1ty of the two

a ‘prevalence rates dis str1k1ng, and is’ s1gn1f1cant as 1t shows that a

_~1ow vector potential (as measured n f11es/b1rd hour) us1ng s1m11ar

trapd&ng techn1ques can produce a prevalence of hematozoa 1n the

'passer1form popu]at1on equ1valent to. that prodﬁéegkhy a vector

pqtenttal,of 60 3“100,t1nes greater. Th]S fact clear]y 1nd1cates

that vector numbers perfse;; are not the maJor factor contrnbut1ng

' 'to h1gh transm1ss1on 1n.the av1fauna. Rather, 1t sugg sts the

H

_,presence of a h1gh1y deve]oped host-parasite vector re]at1onsh1p

Pl

, A
_Algonqu1n Park where some of the %Py51cal and b1olog1cal factors‘

differ S1gn1f1cant1y from the Newfoundland S1tuat1on. For 1nstance,

. Habitat'Preference L A : g
. . ’ .. '." 53 - kﬁ- "..’l'm.f.

{

In an attempt to ascerta1n whether a

s 1t

hab1tat preference

" for the vectors ex1sted 1n Newfound]and test1ng during'the first

4 H

72,

e

. while Bennett and Fallis (1960) reported a Leucocytozoon preva1ence ’

season was carr1ed out in. a number of areas and at d1ffereqt 1eve1s

‘,1970) suggests ‘that some spéc1es of f11es were more abundant” in :
e .

AN

’

¢

)'_ e . . - .. N - o

in the wood]and hab1tat Prlor studles, (Bennett 1960; Gollln1, ™

- some hab1tats than in others. These stud1es were conducted 1n Y



a hab1tat In ‘the current study, test1ng was conf1ned pr1mar11y to

' - . the forest -\
~flies (simu111ds and ceratopogon1ds) were restr1cted pr1mar11y to ]
“the 10' - 20' 1eve1 or strata’ 1n the wood1and hab1tat Th1s in ' oy
. effect is the mid anﬁ top canop1es in the Newfoundiand env1ronnent . ﬁ'c}
'=that fo110w1ng the first season c011ect1ons were concentrated' Lo e

' 'fed b1ackf11es and m1dge§ This - 1nfbrmat1on 1s supported by the . ¥ & c
E stud1es of Bennett (1960) and Go111n1 (1970) fn wh1ch Ehey’showed -

. e . T 7 et

b, a
. —

’the forest hab1tat genera]ly has a much h1gher canopy and the

}

Kumbers and species of orn1thoph111c f11es Were considerab]y
igreater than those reported in the present study, - "'~.~'_ o -—}" :
'.f ' Test1ng in the na1n1and area was. performed in two . C'. o \'

3 ’ ¢

genera] hab1tats, i.e." the. 1akeshore and the wood]and‘(forest)

~the wood]and env1ronment and 1n¥plved only the sy]vat1c f]1es The

',1ack of test1ng of the “1akeshore hab1tat in this study was b L ﬂﬁﬁ‘

S compensated for, 1n that ‘a stream (P1ckavance Creek) flowed, very o

close to the actua] cfﬁlect1ng site. In both cases there was a © !

. concurrence of the ideas that typical 1akeshore spec1es Were abSent,a" o o

from the sylvatic hab1tats and typ1ca1 canopy,s1mu111ds vere not i .

'found in, s1gn1f1cant numbErs at the 1akeshore or at ground 1eve1 in

fE.
[ >

e
‘ .

. ; It is the f1nd1ng of this study that the orn1thoph111c'-

,(F1gur9 1). Grounﬂ Tevel test1ng prov1ded such sma11 numbers,

ma1n1y at the 15 foot- 1eve1 ‘It was found to-be the most

.successfu1 strata.for obta1n1ng reasonably large samp]es of blood e

24



“co\ns}é@abTy reduced, it 1s very d1fficu1t to determme whether Coei

n
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that. the preferred habitat for ‘the woodland orm'thophﬂic simuliids

.‘(S’ Zagtpes) as well as - C‘uchozdes ettlobezzmdes 'is the canop_y

1eve1

G011‘£n1 s. coHectjon (A1 gonqu1n Park) of 6980 S1mu111dae A

from t'he canopy habitat shows that of the ornithoph1hc forms, the

great ‘majori ty cons1sted of S. Zat?—pes and S, qureun. S1mﬂar]y,

. from a total of g, 029 j:oﬂected from the ground 1ess than one.-

-, .‘percent con51sted of the two ormthopl‘nhc forms N1nety-n1ne ' a

percent cons1sted of the: manmaloph11°1c spec1es, namely S venustum. ',

aBennett (1960) ut1hz1ng s1mu1taneous exposures of crows at four
hemhts above, the ground in “the - forest habitat (0,5,10,20 ft.) shows'

» that S'Lmulzum . aureumn; S Zattpes and CuZwozdes gttlobezzmdes

were heavily concentrated in the five and ten foot 1eve1s with-

cons1derab1y lesser numbers on the ground and high canopy This .

e supports the view that most wood1 and. spec1es feed on b1rds severa1
..feet above the firound, but he is very exphc1t 1n po1,nt1ng out that
“there - 15 no evidence of a preferred stratum betWeen 5 and 20 feet. -

.Go]hm (1970), however, suggests that "the hatntat pref’erences of

the simu'lhds are “far more r1g1d ‘than that 1nd1 cated by Bennett

In the present study, where the he1ght of the canopy is

.

or not there is a preference ‘between, the m1d and h1gh canop1es. -

It can, however, be conc'luded that there 1s a preference to the > ;
10 - 15 foot level as- opposed to ‘the g)ound habitat. Th1s B ,’ S

Bt .
& . N L. ’ »
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NEWFOUNDLAND BIRD SURVEY . //

, - —

The c]early indicated, strata preference of orn1thoph1hc

s1mu111 ds demonstrated by Benpett ‘and Gollini ahd confirm{ad 1n th1s . \ .

] study for Newfound]and was assumed to p]ay a maJor role in the. . - )

-

v

Yo

"warb1e_r.}:' “ 7

resu]ts sect1on (2) they are represented in 1arge enough nunbers to -

host paras1te -vector- re]at1onsh1p If th1s assumpt1on is true,

then bi rds wh1ch norma'l]y nest in or 1nhab1t specific. strata shou]d

demonstrate a preva]énce of b] ood paras1tes appropr1ate to the

vector potent1a1 of that strata, even though few fhes ma& be-

/
1nVo1ved‘ A

. i
. In order to test the pY‘EM]SE’ stated above a tota] of

. 1314 birds. of seven. Spec1es were exammed (Tab]e VII) The b1rds < b
stud1ed were all passer1forms and cons1sted of the fo]]owing '
species: swamp sparrow, fox sparrow Wﬂson s warbler, rob1n,

northerd water:thrush, olive’ backed thrush and eastern b]ack-po]'l

The- reasons for the se1ect1on of these part1cu1ar spemes i

'we're ('I) they had been prev1ous1y strat1f1ed “An the North Amer1 can -

_ const1tute a reasonab]e samp]e s1ze (3) these b1rds are cormon

‘ Passermes of . Newfound]apd (4) they were co]'lected from the three

N . . ,
1ocat1ons ut1T1zed in the present study. S ) - 2

From <the data’ (Table VII) it is ev1dent that the - ..
strat1f1 cat1on is not as c1ear1y defined for the seven selected N +

Newfound]and b1 rd spec1es as. that exh1b1ted m the overa]'] North

s
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TABLE VII .

4

e Para.s1te preva'lenoe of 1314 Newfound] and passeriform birds utﬂlz‘lng the strata system..
L Iﬁc]uded is-a breakdown of the three Newfoundland test areas. ~

Bird Family/
Species
Test Area.

_Strata’

S ,Pa@séreZZa iliaca

~ .. _ Cape St;,Franéis

T .- Pickavance Creek

£ . Manuel's-River

T Total: o

2. MeZo§p<wa georgmana -
AR ‘Cape St Francis:

‘: Plcka_ence Creek
Manue] s River

- PARULIDAE

® 1 Sa'bums novaboracensw -
Tl Cape st. Francis .
. ‘Pickavance Creek
"Manuel's River =
S . anuet’ ) L
i Total:
v o .
T -\' . ‘4\. » -
s - o K
. ® : . F

. ~Total
S. O FRINGILLIDAE -\,

------

"Total

- 50 & 29
1132 126
154 143 -

336 298

"6 5

46 44
43 4

95 .. 90

16 1

146, 124
M2 93

.21 . 228

Percent
Pos1t1ve Pos1t1ve cytozoon® proteus “modium.

~

. Y

1 68.8
~84,9
.83.0 .

. 83;27

. ¢ 58,0 . -
95,5
© 92,9 -

88.7

3

K
Leuco-

. '% % LT ‘
Haemo-

- Plas-

96,5
89.7 -

93.0

91,9

100.0
" 100.0
87.8 .

94.0

© 90.9
_ 92.5
95,6

Ll
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Bird Family
Species
Test Area -

Wilsonia pusagla

o
¥

. - ~ . .l
. .
'M‘:n

“Cape_ St. Francis

Pickavance - Creek -

Manuel s ‘River

Tota]

Tota]..

'.,\.’ . . -
"TURDIDAE .-

“Tota1

e

’
-

? g

.

*Dendrozca strzata*

‘datharﬁsnuétng#ué“
" Capé''St. Francis

Pickdavance Creek
"~ Manuel' 'S R1ver .

1)

=

:- \\\_1233?‘

g

133 -
. 260

260 .

S ) w3
.34
31

68

ST T8
S

Tota1

L

o
c3
‘]00 ,
222~
. 222

Bl
.
. “"
“peu e
' Ot >
2 .
32
t
.
¢
55
AY
4.

TABLE Vil (continued) j°‘.

Percent
Positive’ -Positive cytozoon proteus

"“Nw‘

66.6
94.1

67.7"

80.9-

\r

%
Leuco-

4

Haemgo-~

. %.“.

Plas-

modium

90.6

. 50.0"

100.0

925{;

L

RS

90.6

19.0

»

éo.o');

. g
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oo . .~ . . Bird Family .. T L % %
A e ,IB_Species S . . Total.  Percent -~Leuco- MHaemo- Plas-
. 7T, "Strata Test Area : - Total" Positive Positive cytozoon proteus "modium.
.;3 : \ o ".. - V! ..‘_ . TURDIDAE. ” . v e N
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i 2. Turdus migratorits ) C g i
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'h1gher than that obtained in Algonquin Park, it m1ght be expected

n American trend (Figure,4a)._ As the overal infection rate in

Newfound1and (80;), as'determined'Qy'Bennett et aZ (1974) is much '

-that the birds at a]l “1evels“ 1n Newfoundland wou]d have a higher .

paras1te prevalence. "This is shown to be the case (Table VII) and

has the general effect. of reduc1ng the marked d1fference between

" the four strata -as d15p1ayed in the North merican results of the ,

present study. _ '
An add1t1ona1 factor wh1ch makes the strat1f1cat1on of

Newfound1and birds a more difficult task when related to otheg~ .

’ -survey5»1s the absence of a h1gh canopy. In effect 1t can be”

stated based on the present study, that the strata 4q Tevel, is

..

.non ex1stent in Newfoundland This further suggests that b1rds

‘which norma]]y nest in this habitat would be ‘either less abundant

e .

" or when present would select nestingfEites at a lower level in the

.woodland environment.

-‘Although the Newfoundland avian situetion‘is showh ta.

- have spec1al characterist1cs, there is st111 a case for estab11sh1ng

la strat1f1cat1on to’ determ1ne at wh1ch 1eve1 in the wood]and

hab1tat max1mum 1nfect1on occurs. A1qow1ng for the exception of

Sé‘uurus novaboracensw and thsonza pwnZZa, it is- observed (Table VII)

4

that there s a higher 1nfect1on rate at the higher strata than -

o at ground level. This agrees with thé findings of Bennett and

Go1lini in Algonquin Park. ',

.8

\ﬁ‘
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o To further 111ustrate the app11cat1on of the stratification
| estab11shed ear11er (F1gure 4a) a greater number ‘of” Paru11d -species ,’
were-exam1ned (Table VIII). It is noted that this group was shown
.in the North American section to.demonstrate a definite habitat
} preference which—ﬂas correlated with parasite prevaIencet Although - ;.. | B
there were Tesser numbers of individuals .occupying strata 2. and 3
(Tab]e VIII) there 1s still an apparent higher para51te prevaIence -
} at these two Ievels " _
The specific parasite prevalenée, as détermined by the,
‘ Leucocytozoon, HaemoProteué and Pzaamodinmpinfections is presented :
. in'Fighre 8. As these resu]ts_nere abstracted from TabIe VIiI |
| it'represents the situation in a re1atIve1y large samp]ing-ot common ' 3. ' ‘\

Newfound]and Passer1forms.

. The bar: d1agram 11]ustrates the Leucocytozaon 1nfect1on

) nnett et al.. (1974) The Haemoproteus infection is noted to- be
Iess than ha]f that of the birds 1nfected with Leucocytozoon and
again agrees w1th the Ceratopogon1dae data (Tab]e VI). As noted
ear11ér, the PZasmodtum preva]ence is 10w and clearly 1nd1cates B

L Rt
that the. parasite is- ‘uricommon in, Newfound]and birds. ’




, TABLE vm

#

E

Parasite prevalence of Newfoundland Paru]idae utilizing the
strata system. . .

Strata
2.

'Bird

Species

Dendroiea petechw
Mniotilta varia
Oporornis phzladelphm
Wilgsonia pusilla
Setophaga rutieilla
Vermivora peregrina
Vermivora ruficapilla’

-Total:

Dendroica paZmarurn
Dendroica pinus

' ' Dendroica striata

Toth1

i

8

;Tota] Total -

Perceﬁt

‘Birds Positive Positive 5

3

39

- 15,

. 133
- 20
, 25

5 -

- 239
Y

26

. 230
337

2000 -
271

2.
24 .
- 13
100

8
10

5
152 .

50
21



- in 1314 Newfoundland passeriform birds..

7/

. u"..‘ F1gne 8(’ N ;“ l' ° | %

A conparison of the 1nC1dence of
Leucocytogoon, Haemoproteus and Plasmodium

Figufe 9.

A comparison of the overall parasite preva]ence
of passeriform.birds. in the three
Newfoundland test areas.
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It was shown (Tab]e IV) 1n a comparison of the phys1ca1 e
features -of the test areas that the three testing sites comprrs1ng
the present study varied cons1derab1y in the y1e1d of orn1thoph111c
Diptera The str1k1ng un1form1ty in- the infection rates of the ‘

‘b1rds from the Pickavance Creek and Manuel s River area (Table VII)
suggests that even with a reduced fly- popu1at1on in the latter area,
»,

the paras1te transmiss1on is efficient’ enough to produce an 1nfection

: rate almost equa] to the Pickavance Creek area. Th1s _point is further

i . N

-

1]1ustrated 1n F1gure 9 '
A significant point noted in Tab]e VII is the 10w numbers
of 1nd1v1duals of all species coTlected from Cape St. Franc1s and ) A
the correspondzngly Tower preva]ence of blood parasites 1n the b1rds.
'It is espec1a1]y str1k1ng when 1t is noted that the area is on]y .
approximate]y 45 km. from the Trans Canada H1ghway testing 51tes
" The results, however, agree with the f1nd1ngs of the author in terms
of the sma]] numbers of pos1t1ve orn1thoph1]1c Sxmu]idae exam1ned
It s assumed that ‘the physica] and c]1mat1c conditions .
(part1cular1y the continuous winds) play an 1mportant role in the-

- situat10n observed in the Cape St. Franc1s area.- The almost tota1

-~
[}
s

absence ‘of breeding grounds for the orn1thoph111c simu111ds. -

cu11c1ds and ceratopogonids would result in a 10wered prevalence

- .o 2




<

of b]ood paras1tes

factors would mechan1ca11y 1nh1b1t vector-host contact and result

Bennett et al. (1974) state these two

in the Tower blqod parasite 1nfect1on.
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- ‘1nd1cates that the paras1te preva‘lence varies over a wide range o

'~'1nfections

- *SUMMARY - DISCUSSTON

T

The paras1te preva]ence of 14 360 North American b1rds

'°~Euupris1ng 37 fami]ies and 163 species from many diverse and -

'separate geographic areas of Canada and the U.S.A is presented in”
‘-th1s thesis (Table-{) The large number of birds sampled, prec]udes

a conpar'lson of the overaH infection rate of 55.6% w1th other -
'studies of a simﬂar size. However, the var1ance in the 1nfect1on

rates demonstrated by smaHer sample sizes reported in this thesis, . -

throughout North Ameri ca Furthermore ,: the geOgraph1c sep,aration

' _of the various 1ocations sampled and the numerous var1ab1es o
- assoc1ated with the 1oca1 environments has the etfect of rendering

. 1ncomparab'|e much of the spec1f1c data on part1cu1ar parasite

-

&

;. S1mi1ar1y,"the prevalénce of Leucocytozoon, Haemo'p'ro.téus 3
and'PZasmodium, as determined from'Tab'le I, must he_ viewed as a
genera'l indic¢ation of their impact on Nérth American bird po'pu'lations;
~ It was ‘shown that Leuaocytozoon and. Haemoproteus accountéd for the’
l_bu]k of the 1nfections while PZwemodq,um generaHy was  less ‘\ .
significant in the tota'l b1rd popu1at1on Indwidual surveys |
conducted by researchers such as Bennett Herman, Manwel'l etc. on a"
var1ety of .birds from different 1ocations show that the infection
_rates of these paras1tes vary great'ly. Manwe]'l (1955) further '

' demonstrates that the ‘Same bird spec‘les (Turdu.q mgmtomua) from

Ce—




_two diss1m11ar 1dcat1ons (New York and High Rock1es) possess

.chances of becommg 1nfected by all parasittc hematozqa

contrastmg rates of - 1nfect1on by the same parasite spec1es _
. Data presented on asnumber of-bird fam'll'les (F1gure 2) .
1nd1cates that certa'ln families are more suscept1b1e to infection
than others Th1s is generaHy true of the passeriform‘ birds and
part1cu1ar1_y the Icter1dae Paruhdae Frmgﬂhdae and Turdidae.
It is noted that w1th the exceptwn of the FringHHdae wh1ch is
shown to be equaHy suscept1b1e to the three genera of’ hematozoa,

the -other b1rd families can attr1bute the1r infections to specific

blood protozoans. The Frmgﬂhdae are known .to‘ be cathelic ih

"their habitat "seTection which would un'd0ubted1y increase their -

Bl

The Anati dae, Icteridae and Fr1ng11'|1dae are, observed -as

accountmg for 80% of the Haemoproteus infectic on while the major

proport'ion of Leucocytozoon 1nfect10n was harboured by the Parulidae,

Turdidae, Tetraomdae and Fringﬂhdae _Thex 'Iatter famﬂ_y a1so has

- the single h1ghest 1nc1dence of PZasmodwm. N1th1n each of the.

)

passerifo‘rm me'hes c1ted above, there were str1k1ng examples of
d1fferences among the parasite pre\/a'lence of d1 fferent bird species.

‘+ As the birds represented in the North Amer1can samp'le vary

in their nesting hab1tats they were assigned their preferred

!

natural hab1tat whi ch is denoted as a function of vertica1 stra-

AN

,t1f1cat'lon. The resu]tant strat1ficat10n demonstrated a 1esser - @

87

W



" number of b1rds ut111z
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ing the marsh env1'ronment w1th the bulk of .

the birds preferring trle wood1and halﬁ at. Consequent]y. the yalue

of such 3 strat1f1cat10n of . the avifauna is that it provides an
)
1ns1ght mto the leyels of the _forest and marsh hab]tats at wh1ch
) 3 s
max1mum “infection occurs. f‘t::g}‘i; ' s

far

o If the overall North Amer1can trend (Figure 4a) is .‘ “

" indicative of parasite prevalence of b1rds in North Amer1ca it is

apparent that the myr1 ad o spec1es become infected in the. m1d 1eve1s
of . the wood]and environmegt. This point becomes more emphatic

(Table IT1) when it is recog)nized that”even vﬁ'th 40% v1esser birds
preferring 'strata 3 than strata 1, there ‘is an increase in the overall:

1nfect1on rate of approx1mate1y 25% by strata 3 over those b1rds

which nest, on the ground. It is: further 111ustraLed (Figure 4b, and

',4c) that th1s trend’ 1s confirmed for the major passerines under study

as well as the remaigler of the bird fami'lies excluding the ;{assermes.

In a study whmh embraces such a large number of b1rds, , ,

it would be of tremendous value if the spec1f1c parasites cou'td be ‘.ﬁ

correlated with each of- the particular strata so as to have app11cat10n
to other surveys. However, such an endeavour, in view of the present :
study would be meamng1ess Such a comparison would requ'lre much

data on the local env1ronments in wh1ch the bi rds were sanpled that '
unfortunate]y was -unavailable to the author..

B

The areas from wh1ch birds were samp]ed in North America

were quite di fferent geograph1ca11y and each possessed 1ts own . - _"
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~spec1a1 b1ot1c and ablot\c character1st1cs e.qg. Cahforma,
Massachusetts Alaska F]omda, Mame, Arizona, Urtgavag British
Co]ur_nb1a, N.W.T., Newfound’land—('lnsu]ar and Labrador), Alberta,
Ontario, New Brunswick, ‘etc.' Even withm each of these areas the ‘,,
Tocal environment varies w1de1y Thus, the standardizatwn or
" comparison of data from such diverse geographi C ageas represents a
" colossal undertakmg wh1ch extends beyond the scope of this thesis

A maJor hazard wh1ch is obv1ous in attenptmg to ach1eve B N
-a correlation as d1scussed above, is the effect of comparmg data ‘( |
on the ba51s of each area having equal vector potent1a'| Thi s.
assumption would be erroneous in an analysis of the North American
materia,l win this. study. For‘(]'nstance, in areas such as the south-
western U S. or the p‘rairies of Canada, the record of Tow or

-+

negatwe Leucocytozoon infection’ represents the unava1'|ab1hty -of

-

the appropr1ate vector. Conversely, in Newfound]and and A]gonqum N
| ~ Park, Ontarw, the high percentage of birds harbouring. this genus _ '
of hematozoa suggests the presence of an env1 ronment\:nndum ve to
~ the propagatwn of suitable vectors for the transm1ss1on. of '
‘ '| Leuaeéytozoon. Thus, in all areas the presence or absence of
i smtab]e breedmg grounds for the Wctors wou]d be one of the

’

essential 11m1~t4ng factors affect,mg parasite preva]ence. Aga1n .
\ A‘th1s agrees with the idea that nthe'actual b]ood paras1tes contribut'mg
. to the overall parasite preva1ence can only be studied. at the.lqcal
~-:’1e’ve1. A | |

. N . , t -

W~




" In the Newfound] and research area the opportunity was |
provided to study the vector potential In the same ajea frém which
' data was avaﬂab]e ‘on 'the parasi te preva]ence of the avi fauna. A
general observation on the ‘\vectors was their a]most toti] absence '
from the ground level: 1n the forest habitat and subsequently the :
1dentif1cat1on of- their habitat preference 1n the mid canopy Tevel. '

‘ In addition tq estabhshing that the ormthophihc

| Simuliidae and Ceratopogomdae were .prlmar;ly restricted to the
.10 - 15°ft. level in the Ne}vfouhd'land forest'hdbitat. it is ‘S'ho'\‘ﬁ\\"
thatﬁthe most abundant vectors in the ereé are the Simuliidae ahﬂ
specifically s. Zatiée’a/m Laboratory eiam{hati on of the dissected

_ sa'livary‘g1and’s ver'ri.f,ied that these flies herbaur sporb‘zqite“s of
I,,euc.ocytozoon'. Silﬁﬁar.'ly, b]'dpd fed Culicoides (c. stviiobezzo@dep) o
were observed to ha'rbo'ur~sporoz;1' tes of Haemoproteus at a rate " |
\which _'ind;cated their transmissi'on'wouid be considerably less than
that of Leucacytozor;n. {\s there were no infet’:ted’hjppebgsci ds |
recorded and as they r}ere taken directly from wild birds in thé’}

o

ﬁ‘e]d it was assumed'that' they are not vectors of éaemoproteue' in |

: '_ 1nsu1ar Newfo\ndland The numbers of mosquitoes that had recorded

-

p051t1ve g1ands were 50 few that. 1t 1nd1 cated a very ‘Tow PZasmodmn .

1nc1dence. With the exception of the Hi ppobosc1 dae, all other .
ornithophihc Diptera were observed to harbour menbers of the

Tr_ypanosomat1dae .
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) A survey of the blood parasites of apprdximate]y 3000
Newfound]and birds (Bennett and Laird, 1972) shows an 1nfect10n rate/,

of - approx1mate1y 90% n~the passeriform birds of the Avalon Peninsula,

Newfoundland A further study (Bennett et gZ 1974) involving 2675

E Newfound]and birds demonstrates an overa11 1nfect1on rate -of 70%

1n which 92% of the 1nfected éirds harboured Leucocytozoon, 222

a

Eaemoproteue, 17% Trypanosoma’ and” 2% PZasmodtum cBoth.sets of data

’support the observations recorded by the author in the fie]d and :

* _laboratory, related to the abundance and 1nfect1on rates of. the

. ',/

particu1ar qrn1thoph111c Diptera

Th+ Tower Tevel of the top canopy in the woodland env1ron-

o

. ment, and the re]ative]y late eme&gence of ornithoph111c Diptera

d1st1nguish Newfoundland's env1ronment from otherdgarts of North .

America and particularly A]gonquin Park. Nevertheless certain

/compar1sons of the ?ncidenceqbf paras1tes in different birds 1s

‘tp0551b1e Clear]y it 1s higher in b]rds that frequent the mid canopy o

and is especia]ly noticeable in species of Paru]idae ‘The difference

* 1in preva]ence is apparent in sp1te of the presumed 1ower b1t1ng fly

N
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-population-in Newfound1and The high 1nc1dence with the 1ow fly

populat1on suggests optima] operation of othgr factors affect1ng

[

h

“‘transm1ssion. . i} Lo i N oA

In conc]usion,)it is hoped that th1s study was ab]eito

draw some compar1sons between the parasite preva]ence of the au/fauna

on a borad scale (North America) which does -have’ sone app]ication»to

~

L

‘
\
'
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Tocal s1tuations such as that observed - 1n Newfound]andi It s fu11y
realized however, that the extent or degree to which the concept
of strat1f1cation in the avifauna and vectors can be applied is -

determ1ned by a mu1t1p11c1ty of .factors which must be examined at

92

o

the local level. Final answers and solutions to the overall problem

of hematozoa 1n the §v1an population w111 undoubetdly unfo]d as
more stud1es of this type are unéertaken Howevér, patience,and
object1v1ty.are essent1a1 factors because.the area of parasitology

and indeed the entire sphere of science is a complicated and ever

_changing one. T e / : o
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