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AB\STRACT

B

The 1ntest1nal he1m1nth commun1t1es of 97. blPdS

represent1ng‘10 Specwes of ducks' (w1dgeon, Anas amertcana.

gadwalt, Anas strepera, mallard, Anas‘platyrhynchos,

‘blue-winged ‘teal, Anas discors.'ruddy, Oxyura jamaicensis,

canvasbach xthx valxs1ner1a. r1ng necked duck, Axthxv

° collar1s, Tesser scaup, - Aythya aff1n1s, bufflehead

Bucephala albeola, wh1te-w1nged scoter, Melapitta fusca)

were: compared along two resource axes' host (habitat) and

H
4
S—

1ntes/}ne (m1crohab1tat) E 'T' T T,
Paras1te commun1t1es in ducK spec1es (i.e., w1dgeon)

which eat a\small proport1on of an1mal foods had few spec1es

and 1nd1v1duals and showed l1tt1e similarity between -

commun1t1es of b1rds of. the same ducklspec1es Paras1te

commun1t1es 1n duck spec1es (1 e., scoter) wh. eat a h1gh3

i sk T
proport1on of an1ma1 foods had a large number:fivspecies and'

7\\\ o 1nd1v1duals and showed h1gh s1m1lar1ty between commun1t1es.

ol
.

\\n 1n b1rds of the same ducK spec1es ~The paras1te commun1t1es

Y
of the latter group are composed of three components

groups of paras1tes) Character1st1c spec1es are frequent

) usually abundant and mature exclus1ve1y or‘pr1mar11y in one \\:'

| . host spec1es ‘Other. common spec1es were e1ther host - 1 }n \S-
. genera11sts or spec1al1sts 1n other hosts The -. ‘ ;
\baiacter1st1c and common paras1te spec1es prov1de most oflt

the s1m41ar1ty and. pred1ctab111ty between b1rds oﬁ the samem.

duck spec1es \The th1rd group of paras1tes were 1nfrequent

,'1 1n occurrence and are random elements in the paras1te.

. — . : .
£ ", .




. communities.

| th@'g\ow' oo
: CQWMNv%%ieéﬁﬂt hout characterlst1c spec1es the mult1spec1es

f

!

in hosts with characteristic

For parasite cgmmunities i
ster an lyses“1nd1Catedbthat the host species was
For parasite - ' |

species**- ‘
'rta t level of habitat.

host populat ons were the. important habitat level
tructure of the parasxte commun1t1es a]ong the

"The
second esource ax1s was 1nvest1gated us1ng the linear
d1str1but1onal features of the paras1te spec1es w1th1n the
Most paras1te specwes

1ntest1nes of 1nd1v1dual birds.
occup1ed pred1ctable and restr1cted 1ocat1ons w1th1n the
Parasite spec1es wh1ch ‘occurred 1n more than one
I |

1ntest1ne
l duck spec1es generally occup1ed s1m11ar locat1ons
‘addition to the pred1ctable locations OCCUp1ed by the

paras1tes, the1r sequence of occurrence along the gut was
The | arrangement ‘of these Iocat1ons was

h1gh1y pred1ctable
more un1form than’ expected by c?ance Some paras1te spec1es

were observed to occupy the ent1re 1ntest1ne w‘th1n
1nd1v1dua1 birds wh11e the average range occup1ed across all

hosts 1nfected was’ usually much less.
Real1zed n1ches were measured by d1str1but1ons of
Fundamenta] n1ches

.t

helm1nth spec1es in 1nd1v1dual b1rds
were est1mated by d1str1but1ons of heliminth spec1es 1n all.

F r severa] pa1ns of parasite.

1nd1v1duals:b1rds summed
spec1es real1zed niche. over1 ps Uaverage overlaps were




interpreted as evidence for interactions. The characteristic
‘perasite specfes over lapped!each other‘significanfly less
fhan the average over lap between‘other parasite species.
This reduced overlap occurred despite the fact that

| qharacter1st1c spec\es had sign1f1cantly larger ranges than
the other specres. The character1st1c,spec1es showed

evidence for inteqictions when they overlappeJ These

paras1tes appeared t@‘f@€ﬁ a coadapted un1t 1n their

m

respect1ve host spec1e£ "
‘ ow, ’
Infrequent paras1te species occurred’ ra?giy in host

>\spec1es anp can be cons1dered a random component w1t\\n the

spec1es

In su

,he1m1nth spe 1es In other host spec1es the presence of a

vi
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m1crohab1tat spec1f1c1ty of paras1te species w1th1n host
1nd1v1duals The ev1dence for m1crohab1tat spec1f1c1ty for '
helminths is based primarily on data in revxews by Crompton
- (1973) and Holmes;(1973). More recently, Ha];/and~Holmes
(1975), Hair (1975) and Bush (1380) have all demonstrated

that the common‘he]m{nth'Species wtthin the intestine of

- lesser scaup (Aythya aff1n1s) occupy pred1ctable, restricted ‘
loacations. Avery (1969) has shown a similar s1tuat1onifor

‘ he1m1nth spe01es w1th1n ‘the 1ntest1ne of mallards (Anas.

.fplatyrhynchos), In contrast, some paras1tes such as

'HQmenolepis diminuta in rodents (Cannon and Mettrick, 1970)

and Schizorchis caba]lefoi in piKa (Hobbs, 1@80) are capable

,

" of oocupy1ng most 6? the small intestine In addition,'some :

species (eg., Sch1stocephalus solxdus) are Known to occupy

:d?Fferent 1ocattonsp1n different host species (McCan_and
JHopKins' 19634 Shitts. in location in response to the
presence of. other paras1tes have béen noted for. some

t spec1es H d1m1nuta has been shown to sh1ft locaton in the

vpresence of Mon111form1s dub1us (Holmes, 1961, 1962) and

(1Tr1ch1ne11a sp1ral1s (S]lver et al. 1981). Tetrabothrius_'

groceru has been shown to occupy a more poster1or locat1on o

_when a related spec1es T. 1n9' extends 1ts d1str1but1on
poster1or1y W?th increased populat1on»sxzes w1th1n-the.

‘vvintestineoof'fu1marﬁ(Fulmarus‘qlactaltS)'(Ri]ey and Owen;

_ 1975) Th1s Iatter group of examples suggests that paras1te ”
spec1es may not be ob11gate m1crohab1tat spec1al1sts, and

uigmay be capable of occupy1ng more extens1ve ranges w1th1n the~_g



'vchance of colon1zat1on

host individual than they normally occupy .

‘In an‘examinati n of the literature, Price (1586}
"@concluded such examples of‘interactionS'were rare. Becausem
individualdhosts are istributed tn a patchy and |
disContinuoUS fashion, Pr1ce (1980) cons1dered that the .
ould be low for any- s1ng1e paraSIte
dspec1es }herefore. the potent1a1 for co- occurrence of )
several species would be| Tow and the commun1t1es should be
existing under non-equi librium cond1t1ons in which:
1nteract1ons should be un mportant Price (1980) suggested
that the restr1cted microhabitat d1str1but1ons are a resu]t

’of pressures other than col et1t1on but d1d not 1nd1cate‘

“what pressures might be re pons1b1e Rohde (1979) has

b
are restricted as a resu]t gf se]ectxve pressures on

\

1nd1v1dua]s to mate in sparsé popu\at1ons Ind1v1duals have f»

s ggested a non1nteract1ve chanism- by whlch microhabitats

;.a h1gher probab111ty of mak1n% contact with other 1nd1vduals
in sparse populat1ons 1f they restr1ct the1r m1crohab1tat on
: or within a host. In contrast to the ideas of Pr1ce (1980)
and'Rohde.(1979) Holmes (1973) proposed that m1crohab1tat
spec1f1c1ty 1n paras1te commun1t1es was a response to past
‘compet1t1on (1hteract1on) wnth~ojher paras1te spec1es |
Another interactive explanat1on has been proposed by

' Sogandares-Bernatl (1959) and Martin (1969) whereby paras1tes
”are restr1cted 1n-the1r mlcrohabjtat dtstrjbut1ons as a "
mechanism to preVent\hybridi;ation.‘A.critiCal feature to

distinguish between the noninteractive and interactive views



/

of parastte‘comhunity organization is whether’ the host ts a
patchy‘and ephemeral resource for parasites as suggested by
Price (1980). For interactions between paras1te species to
be . 1mportant in determining communtty structure parastte
species must co- occur regularly; \

Kuris et al. (1980) have suggested three levels at
which hosts may be regarded as hab1tats (or patches) for
parasites. The first and most 1mportant is the host
| 'indivtdual Interact1ons between parastte species can occur
only within- the host individual. The‘second,tevel of haoitat,-
;:15 that of the tocal host populat1on The importance of -

1nteracttons at the host 1nd1v1dua] level can only be
measured by their regular1ty of occurrence in host
-popu]attons' For paras1tes which are able to use d1fferen{
.host spec1es all potent1a1 host -species populattons in a

.’ communtty may be regarded as a s1ngle mu1t1spe01es
populat1on ‘The third 1eve1 of hab1tat is that of the host
‘Lspec1es The 1mportance of 1nteracttons in the evolut1onary
‘development of the paras1te conmuntty can_becplosely related
.to the evo]ut1onary relat1onsh1ps of the host spec1es w1th1n"
| a communtty The latter two': boundar1es of habttats can on]y :
_be deftned by the dtstrtbut1on of the para51tes..not the '
k\study. Ind1v1dua1 hosts are the: only unequ1VOcal hab1tats
for‘para51te spe01es (KUPIS et al 1980). In part~ the

co-occurrence of parastte spe01es will depend on at ‘what

'1evel d1fferent spec1es recognlze habttat boundartes
: , \,‘

{



The importance of both noninteractive and interactive

forces in organizing communities of freelivjing organisms has

long been recognized (Whittaker, 1975). Wilson (1969) has

integrated the tWo cohcepts, and their impor tance in his

theory of_community development . The’initial phase is

;noninteraCtive, in which species are rapldly colonlzwng a .

new community, resources are plent1ful and 1nteract1ons are
un1mportant. The second phase is 1nteract1ve, in which
pdpulat1ons of 1nd1v1dua1 spectes are 1arge enough that

speo1es:1nteract1ons are Jmportant. The third assortat1ve

‘.'phase is also interactive. in which colon1zat1on and

ext1nct1on are still occurrIng but some spec1es are able to

‘ pers1st 1onger by e1ther be1ng better adapted to the 1oca1

énv1ronment or by betng ab]e to coex1st w1th spec1flc groups ‘

of. other spec1es The f1na]‘evolutlonary phase is

i

’ 'vnon1nteract1ve, in which spec1es have adapted to coexist

w1th other spec1es and the env1ro?ment
in a d1scuss1on of- the 1mportance of non1nteract1ve and
1nteract1ve forces 1n structur1ng paras1te commun1t1es

Holmes and Pr1ce (1980) have a11gned the1r contrast1ng views

“with the f1rst and.last of W1lson s phases Prﬂce s (1980)
| proposa] that paras1te commun1t1es are young .is equated to

the initial non1nterat1ve~phase whereas Holmes s (1973)

suggest1on that paras1te comnun1t1es are mature is equated

ok

”:to the f1nal eVo]ut1onary phase ‘Holmes and Price" (1980)
” 7have proposed a set of pred1ctlons for para51te commun1t1es

N thev1n1t1a1 noninteractive phase, 1n whlch 1nteract1ons
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are unimportant, or the evolutionary phaee. in which
interactions are reduced after having been through the
interactive and assortative phases of community dévelopment.
Bush (1980) hes examined these two opposing views with -
reference to the=intestinal helminth communities of lesser
scaup. He demonstrated there were two componeh%s within the

intestinal communities of scaup: a deterministic component

consisting of common or frequently co-occurTing species and

a stochastic component consisting of infheq#ent or rane
species. Compar1son of rea11zed niche overlap based on the
observed distributions w1th1n 1nd1yidual birds with
fundamental niche overlap based on the summed dlstr1butions
across all indivthél biros‘tndicated‘that tnteractions may
be important in maintaining the structure of the
determ1n1st1c component but not the stochast1c Bush (1980)
conc]uded that both of the oppos1ng views (non1nteract1ve
and 1nteract1ve) were applicable, but to the different
components in the 1ntest1na1 helminth communlty of scaup.
Stud1es by Cornwell and Cowan (1963), Graham (1966),
Hair (1875) and Bush~(1980) suggest thet the water fowl
host paras1te system is an excellent one for/stud1es of
para51te commun1ty organ1zatton 1nd1v1dua1 birds phov1de'
discrete, recogn1zab1e boundar1es sepanating‘oommunittes of.
pahasites in one individual‘host fromtanother. In addition,

host spectes and mult1spe01es waterfowl c - unities provide

other recogn1zable boundar1es The ease of' identification of

: boundar1es for the paras1te commun1t1es w1th1n 1nd1v1dua1

X



hosts is a situation not often encountered in freeliving
communities. Twenty-four of North_Amarica‘a 48 species of
waterfowl (Anser iformes) reproduce in the three ﬁnjor biomes
of northwestern North America. This large number of
waterfowl species provides a diverse .and abundant source of
hosts in which to compare parasite community structure.
Waterfow] species are seasonal residents on the breeding
grounds in western Canada during which assemblages of
several water fowl species co-occur together locally on
single waterbodies.

Reviews by LaPage (1961) and MacDonald (1968), plus the
'studieé cited above indjcate waterfow!l have a large number
of individuals and species of parasites. The combination of
‘d1fferent and abundant species of both waterfowl (hosts) and
paras1tes allows one to examine the community structure in
replicate habitats. The replicate habitats enables one to
examine the potential importance of interactions in
| organizing community structure.
| It is my intention in this study to examine the
structure of parasite communities in ten waterfowl species,
first exahining struéture across individual birds (Part I,
theﬁ within individual birds (Part I1I). Finally in Part IV,
I will examine the hypothesis that parasites of waterfowl
are specialists, then cohpare the community stchturés to
the'ﬁwaopposing views propdSed by Price (1980} and Ho1mes
(1973), using the set of predictions out]inedAin-their joint

papeﬁ.(Holmeg and Price, 1981).

&
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Tfi{dfdh°' -_H : ':f‘.fi T “5,f'5"‘iff11; . o
. STRUCTURE AND ORGANIZATION OF INTESTINAL HELMINTH S
| _‘-v;t,f COMMUNITIES ACROSS INDIViDUAL BIRDS A i
‘;i; ’ R INTRODUCTIDN . I,f“,;»gf'.ff?,f,‘éw, f“'»f
V"i.oh; :nf”“vt;l\'o Prxce (1980) proposed that most paras1te spe01es show . ail
| }vQVJ h1gh d gree of host spec1f1c1ty and are therefore host‘i~"‘

&;ﬁjyiQ spec1alvsts In contrast stud1es on, paras1te compos1tlon 1n‘,=

3';5“ﬂfni. more than one duck spec1es 1nd1cate a h1gh degree of overlapvf?
: in paras1te spec1es between hosts (Bever]ey Burton, 1972w7

McLaugh]1n and Burt 1979 Shaw and Kocan,,1980) These

‘T_stud1es 1dd1cate host genera11sts are not uncommon on the N
"7:,f::[¥*r_ waterfowl host paras1te system In 3 study on a s1ngle host ﬁ%“'lgtll

~

’vfmﬁfﬁf"l- spec1es, lesser scaup, Bush (1980) concluded that the

E?;};};f>ff,r' 1ntest1nal he]mxnth commun1ty of scaup had two components
':Q,Fd~,pﬁfvv Ihe ?1rst was a regularly co occurr1ng (recurrent) group of ‘fﬁ'f5t5
ey both host spec1allsts (1n 1esser scaup) and host genera]1stsE;:'hi"

’;ft%tnhv ?;' (in: wateniowl) He found that the recurrent group of "_

' bvfthe;m1nth spec1es contr1buted most of the s1m11ar1ty betweenv
host 1nd1v1duals. In add1t1on. all of fhe recurrent group ; 1
have been reported 1n a]] three stud1es of the helm1nth i

Ll fauna of lesser scaup over a 16 Year perxod 1n Alberta -

§7?gf3 | (Graham,,1966 Ha1n, 1975 ‘Bush, 11980). Bush (1980) has

s suggested these spec7es represent a h1ghly coevblved un1t

’ ﬂThe second was a stoghastlc component made up of paras1tes

"fg~f t wh1ch were spec1a]1sts 1n other host spec1es Thus. there
‘ appear to be three components 1n scaup host spec1a1lsts 1n p}v:htnf
"scaup, host general1sts and spec1allsts from other host :g;st” T

SN _;“,’_ '
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: spec1es The 1atter tWo'Components maY'be brovﬁdiné'the"‘
over]ap 1n fauna] Compos1t1on seen in mos t ‘host surveys Tﬁe ;

“}f1rst groUP pPOV1des a d1st1nct component “(“fuL\j g'h‘

R The presence of these three components in the he‘m1nth L

fauna of waterfowT ra1ses the quest1on as ‘to’ whal levet(s)

4i;of hathat above the 1nd1v1duaJ host (1 e. host spec1es.fn

'fhost populat1ons, mu1t1spec1es populat1ons (Kuris et al.

S 1980)) reflects the structure of the: paras1te commun1t1es

Qb;If each host has a d1st1nct paras1te compos1t1on made up of ﬂf;u

"hthost spec1a11st5. (as suggested by BUSh 1980) these hOSt ;Qe,.t"

“:spec1a11sts w111 prOV1de a h1gh degree of s1m11ar1ty between_ﬁ,fl"

ff1nd1v1duals of the same duck Spec1es Ind1v1dua1 b1rds of

f~that host spec1es W1II 'therefore be more s1m11ar tb each ifi»

kb_other than to Jnd1v1dua1s of other spec1es Under these '

”Cond1t10n5.‘the host spec1es w111 be the hab1tat 1eve1 best '#fh””"

ey

&

Trefléct1ng the paras1te commun1ty v
- If host spec1es do not have a d1st1nct paras1te,”

c compos1t1on but one cons1st1ng of host genera11sts and

‘ﬁfparas1te speCIes exchanged w1th other hosts, then

'1nd1V1duals of one spec1es may be Just as s1m11ar to ffff°“

”1nd1v1duals of other spec1es as to other 1nd1v1duals of the A

"»‘fsame spec1es Under these cond1t1ons,,the host populat1ons

n?or mu1t1spec1es populat1ons w111 be the hab1tat 1eve1 best

”bfreflect1ng the paras1te commun1ty.vao factors become

qu”1mportant at the host or mu1t1spec1es populatwon 1evel 1)

h‘ﬁﬁphylogenet1c relatwonsh1ps of host specwes and 2) ecolog1ca1;:-

ﬂTPE]at‘OnSh‘pS (1n terms of diet or numer1ca1 e



.72{‘ D1et- or. the food hypothes1s (Dog1el\ 1964)

: gAnserwformes by KotecK1 (1970) states that the paras1te S

R

abundance)between host spec1es

5“Three hypotheses have been proposed to exp1a1n patterns'

I

in helm1nth commun1t]es above the host spe01es level

‘t.j; Host spec1f1c1ty or. the phylogenet1c hypothes1s {

(Koteck1,v1970 Brooks, 1979)

'v3r\ Dens1ty and compos1t1on of host populatwons, or the

- numer1cal dom1nance hypothes1s (Sulgostoska. 1963
Neraasen and Holmes, 1975) | ' ’ : 3

‘H. The phylogenet1c hypothes1s, as proposed for the S

vAythy1n1) dohnsgard (1960 1961 1964) (F,g 1) hasi;'f-

aeffproposed that the Mergln1 are more closely related to the

tfhave separated pr1or to the Aythy1n1 and Merg1n1 (Delacour

: -z_.j_.:-f'and Mayr, 1945; Woolfenden. 1961) Thus, one. could. predwt

o 'p]nyura Jama1cen51s) wou]d show the least s1m11ar1ty to the

°"frfthat the Oxyur1n1 (represented in th1s study by ruddy duck

'V'Aythy1n1 (represented by canvasback Avthya va11s1ner1a,_’

tirother trlbes‘°The greatest s1m1]ar1ty should be between the
'pMergln1,(represented by wh1te w1nged scoter, Melan1tta _f~

Vfusca, and the bufflehead Bucepha]a albeo]a) and the ;hfh"

xs

t:h.fauna is spec1f1c at the host tr1be 1eve1 (1 e = Anat1n1,,h;*'

‘735Aythy1n1 than to the Anat1n1 The 0xyur1n1 are cons1dered to 'ff”gi

":;"o_ |



'.".Woolfenden (1961) (WID - Wldgeonj GAD'—
'l.iCAV,— Canvasback RIN - Rlng—necked duck SCA —}‘

__41"-head RUD - Ruddy ) S

‘lJGadwall MAL = Mallard BWT»— Blue w1nged teal

Phylogenetlc relatlonshlps of ten spec1es of

'waterfowl as proposed by Johnsgard (1961) and

' NfScaun, WWS - whlte~w1nged scoter, BUF‘— Buffle—“
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“r1ng necked duck Aythya collar1s and - lesser scaup, Aythya _ n

naff1n1s) All of the ducK spec1es (w1th1n the above three
Ltr1bes) are referred to as. d1vers o o
W1th1n the tr1bes w1th mult1ple representat1ves
m(Anat1n1, Aythy1n1) the relat1onsh1p between 1nd1v1dual
dbspec1es (dohnsgard 1961) can be used- to pred1ct the
7 s1m1lar1ty 1n the1r paEaSItes W1th1n the Anat1n1, gadwall

"Anas strepera mallard

Anas platyrhynchos, and blue w1nged

‘“‘v“teal Anas d1scors, should be 51m1lar to each other, whereas'

igfw1dgeon Anas amer1cana. should be more d1st1nct (F1g 1),

bl-The duck spec1es w1th1n the Anat1n1 are referred to as

y‘dabblers f W1th1n the Aythy1n1. dohnsgard’s evolut1onary

l‘g'relat1onsh1ps would pred1ct the canvasback and r1ng necked

"ducK would be more s1m1lar to one another than e1ther 1s to
'lesser scaup | : , ffi ; ' - | ,,“v“n_ ,

| " The food hypothesis proposes that spec1es w1th s1m1lar
‘food hab1ts should have s1m1lar paras1tes S1nce the
jmaJor1ty of paras1tes are transm1tted by 1ntermed1ate hosts |

g:1t 'is pos31ble to pred1ct the type of faunal s1mllar1ty one,“'

'”me1ght expect to see if dtet was the- maJor 1nfluenc1ng factor"}'

'-‘of helm1nth commun1ty structure Unfortunately, most stud1es%k
) ',on food hab1ts and d1etary overlap 1n waterfowl have been

"done on d1fferent spec1es combanat1ons or ou_s1ngle spec1es

vft_[at dwfferent tlmes 1n d1fferent locat1ons (see summary in SEANE

.':Swanson and Meyer 1973) In add1t1on, d1etary d1fferences_‘d‘

v;wgshave been noted between male and female b1rds fop Xim“w

l?;fcanvasback blue w1nged teal gadwall and scaup In other
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“studles, ‘data from male and female b1rds have not been :
fﬂseparated S1nce sample sxzes are. small (n 6) for most
spe01es in th1s study comparlsons of helmlnths between sexes‘
is not poss1ble Therefore data on’ food hab1ts of the two |
\h_sexes are combtned ‘In addltton, some stud1es”class1fy food
}items to‘a "f1ner taxonom1c level than do others The . -
l1mportance of th1s 1s m1nor s1nce para51tes tend to be ..

non- spec1f1c at the 1ntermed1ate host level ‘Few deta1led

| :studles of l1fe cycles in. western North America are

ﬁavatlable. most of the l1fe cycles have to be extrapolated
i from 1nformat1on on l1fe cycle stud1es from jura51a or "fdf

“eastern North Amerlca, often 1nvolv1ng relat d spec1es of :f,

N

gparas1tes Therefore, only the general groups of

1nvertebrates w1ll be cons1dered (Table 1). All of the

*l'stud1es on food habits used 1n the follow1ng analy51s were

‘, I N
”done in western North Amer1ca, except for that on

,.r1ng necKed duck (eastern North Amer1ca Mendall 1958)

"1R1ng necked ducKs were collected only on Cow Lake wh1ch

‘ occurs 1n the boreal forest b1ome of Alberta. a 51m1lar type E

,,of hab1tat to that stud1ed by Mendall (1958) Most stud1es

g ;_on the food hab1ts of waterfowl from the western breedlng

S A
‘grounds were conducted ‘on sloughs and ponds rather than

/

/

":-lakes However, wh1le the resource ava1lab1l1ty may d1ffer,

[
|
I
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the types of organwsms in sloughs and lakes, part1cularly.f
“the Khnown maJor Tﬁ“ermedlate hosts (Amph1poda ‘Copepoda, |
Ostracoda) will overlap 1 am unaware of any study on the

,'food habits of white- w1nged scoter from freshwater hab1tats
therefore;‘they are,omltted from-the-d1et analysts..Personal

lfobservation indicates scoter eat'amphipods.'insects
.(Ch1ron1m1dae) and sphaer1ds most frequently J‘

| There are maJor dlfferences 1n the food hablts between"
ﬂwaterfowl spec1es, both 1n the proport1on of plant and
:an1mal3matter consumedvanden the proport1on of ma jor
<2nvertebrate‘classes“consumed (Tablé 1). 'Widgeon and
\r1ng necked duckKs consumed the smallest proportxons of
an1mal matter followed by gadwall, canvasbacks and mallards
: Blue w1nged-teal bufflehead scaup and»ruddy allvconsumed a
'v;h1gh proport1on of anlmal matter ' Gadwall and'scaup cOnsumed“
o a h1gher proport1on of crustaceans than the other spec1es.
"v'wh1le mallard ruddy and oufflehead all‘consumed a high
Wpropogtjon*of 1nsects.sBluejWinged-teal“and canVasbacK
consumed a hlgh prOportionhof gastropodsezlhe species are
V,l1sted in Table 1 on the bas1s of the proportlon of an1mal
sn}matter consumed Cluster analysws (see below for d1scuss1on
of cluster analys1s) us1ng Euclxdean d1stance and m1n1mum
varlance algor1thm was appl1ed to the four var1ables

(%an1mal matter, %Crustacea, %Insecta. %Gastropoda) (F1g



S
¥

_Cluster analysis comparing nine species of

waterfbwl with respect to the kind and pefcént
of animal matter (percent of”énimal'mattér,‘

percént of\Crustacea, peféent ofﬂinsecta, and

_percent.of‘Gastropoda;)‘cdnsumed-by each

‘species. Vertical axiS‘represenés Euclidian

distance'as'a measure of similarity.' (MAL'-

Mallard, RUD -iRuddyy,BUFa% Buffleheéad, SCA -
. Scaup, WID - Widgeon, GAD -~ Gadwall, RIN -
'Ring-necked duck, BWT - Blue—winged teal, CAN -

”‘Canvésback,)'

.




MAL

RUD

BUF
'SCA

WID

GAD

- RIN
- BWT

CAN
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Two patterns of s1m1]ar1ty in helmlnth commun1t1es between
the nine duck spec1es (scoter not included) can be
{ypredlcted. The f1rst is based ent1rely on the percentuof.
»animal matter consumed' bluerwinged teal‘ bufflehead scaup.
-and ruddy should have larger: and more complex parasite ’
COmmun1t1es The second is based on the 51m1lar1ty
111ustrated by the cluster analys1s of the four var1ables
That analys1s wou ld pred1ct s1m11ar paras1tes in ruddy and
buff lehead, w1dgeon and gadwall and blue w1nged teal and
_canvasback. | | | ‘ o
ThejinformatiOn usedfto\predict the‘pattern of parasjte

cohmunity organization under'thé*phylogenetic‘and diet.

C hypotheses overiap ’Anatomy is Jsed\fo‘djstinguish and -

-class1fy spec1es and 1s related . to: the mode of feed1ng
' ~

 behaviour 1n waterfow] It 1s 1mportant therefore to

1nd1cateéwhether or not they can be d1st1ngu1shed The ma jor

N

/,,d1fference between the two - hypotheses 1s the separat1on bﬁ ;

T N

: the three spec1es of Aythy1n1f4n the d1et hypothes4s
compared to the1r s1m11ar1ty 1n the phy]ogenetlc hypothes1s

All three speCIes of Aythy1n1 are more s1m1lar to spec1es of

0

d1fferent tr1bes than to each other under the d1et
nhypothes1s (F1gs 1 and 2)

The numer1cal dom1nance hypothes1s was roposed by
Sulgostowska (1963) who found that the trematode fauna ina’
group of waterfow] spec1es_on a s1ng1e-lake_wasvpr1mar1ly"
‘determined by the fauna-of the:numerically'dominantfhost

~ species. Leong ahd.Holmes“(1981f‘showed that within groups

3
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of related fish species the parasites of the most‘abundant
hosts spread to the less abundant hosts. The present study
was origihally designed~to‘test thié hypothesis by examining
helminth communities on threé‘lakes with veby different
water fowl aéSemblages. However, censuses of the birds on
these lakes indicated that the relative numgers of different
v»}species'of'birds changed throughon the breeding'season and
‘between yeérs: As a reSUIt,the data obtained are in;dequate
to test this hypothesis directly. In a few instances the
hypothesis can be examined indiredfly from the point of
species'ekchange (spneading of'parasiteéFfﬁom one’host‘fo

~another).
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METHODS AND MATERIALS

Field Methods |

Prior to any collecting of birds at each lake, the
waterfowl populations were censused. Techniques of the
censuses are presented in Bush (1980). Initially, in 1979’
three lakes were selected on the basis of a different
composition of waterfowl (based on bird censuses from 1977
and 1978; see Bush, 1980). Once it was realized the
waterfowl assemblages on the 1akeé had changed from previous
years and continued to change throughout the summer, birds
~were chosen from an additional nine lakes to‘increase sample
sizes of birds from the initial three lakes (Appendix 1)}.
During 1977 and 1978 the six numerically dominant waterfowl
species at each lake were collected. During 1979 the ten
numerically dbminant bird specfes were collected. During
1980, the five numerically dominant waterfowl were
collected. Immediately efter‘each bird was colleeted, it was
Weighed,kthe intestine tied off, removed and placed in an
enamel pan. Abs lute alcohol cooled to -70 C with dry~ice
_was poured over| the gut completely freez1ng it in a few
seconds The gut was: then labelled, placed 1n a plastic bag
and stored in é\ggeler of dry ice . Thefyntest1ne remq1ned

frozen until examination in the laboratory. The rapid .

B

-

freezing prevents the chance of postmortem movement by the

parasites and enhances ease of identification of specimens.

Y
A i



B Laboratory Methods A | _

E A total of 97 bTPdS have been exam1ned from the o

'Twcodlectnons of 1977 1980 Flfteen of the 16 scaup were
'Texam1ned by AL Bush (1980) and 11 of the 16 mallards and 2 of

kS

;the y1 W1dgeon were exam1ned by K M. N1elsend 55,

In the Taboratory the 1ntest1nes were part1a11y thawed ;u?=ﬂ'

t“'stra1ghtened and the small 1ntest1ne cut 1nto twenty equaT

~fbsect]ons The Targe 1ntest1ne was examlned as “one. un1t Theff"'

i37caeca were thawed stra1ghtened and d1v1ded 1nto 4 equal

””i_sectlons Each sect1on was stored in a separate v1al 1n the

'~';freezer untaT exam1ned At the t1me of exam1nat1on, thef,f5 .

fsectlon was p1aced 1n a petr1 d1sh w1th sal1ne and aTTowed

' g%to thaw The sect1on was cuﬁ Tongxtud1na]1y and flooded

)

B %?gentTy W1th sal1ne Thws washed any loose paras1tes 1nto thetdl‘

T rd1sh The gut sectlon was then turned over and the serosaT

: ";5>;S1de scraped Th1s techn1que removed those paras1tes wh1ch

' had rema1ned 1n contact w1th the 1ntest1na1 wa]l w1th T1ttleg””‘

Lerel

‘fe}damage to the spec1mens The 1ntestana1 wall was then :

Fa)

o

-,-,
'

[

-'exam1ned for any rema1n1ng paraswtes

c"

AT] paras1tes were then counted Large numbers of

H'helm1nths 1n scoter and scaup necess1tated the use of a

.":’dllut1on technlque When more than5500 helmlnths were

'T_Tocated 1n a’ sectlon aTT Targe or heavy bod1ed worms were :

‘*fhémoved and the remainxqz spec1mens pTaced in a- 100 ml"

'fi?graduated cyT1nder The ontents were m1xed thoroughTy.z o,if.}p

_vgiten mT al1quots were poured off the worms 1dent1f1ed and fi

“IY

ffcounted Counts were summed (1f w1th1n 10% otherw1se a

R



Gu1re, 1976)

¥

'fﬁth1rd count was made) and mult1pljed by 5 to est1mate the .L

f}total number of worms present

Helm1nths were 1dent1f1ed in. temporary water mounts

DY

:»b_Whé%% the numbers of worms perm1tted representat1ve fbt
'ﬁ-spectmens were sta1ned and mounted u31ng standard
‘technlques Nematodes and acanthocephalans were 1dent1f1ed

vﬂ.ﬁn temporary mounts after be1ng cleared in a: 1 1 solut1on of

L
lactophenol and beechwood creosote gﬁ?{
R o R

blyvAnalyt1cal Methods

In general the paras1tes from each 1nd1v1dual b1rd

vwere treated as compr1s1ng a separaté commun1ty :
:e?{(1nfracommun1ty) Where more 1nclus1ve commun1ty levels werefd;fvp
"t;ycons1dered 1nd1v1dual b1rds were used as repl1cates, and
';meansﬂand standard dev1at1ons were used to quant1fy the
u‘rlspec1es of paras1tes The data were transformed us1ng a ln’

;(x+1) transformat1on but not standard1zed All stat1st1cal‘:;

- analyses were done us1ng the programs 1n M1das (Fox and

Yy L

Evenness was calculated us1ng the common measure,’d"“ R

*:'wh1ch 1s the Shannon Weaver d1vers1ty 1ndex d1v1ded by the

K

"nnatural logar1thm of the total number of spec1es 1n each
-~fsample (P1elou, 1975) The values range from 0.0 (only one 5”
“:”f«ﬁspecies abundant others represented by s1ngle 1nd1v1duals)piH~7'

"to:lfO‘(equal abundances of all spec1es)

Qual1tat1ve s1m1lar1ty of parastte spec1es between host

'.f1nd1v1duals was measured by daccard’s coeff1cent of

. ’3’ fl\ .
St i
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' s1m1lar1ty (formula 11 of danson‘and Vege11usf 1981)'h'
1'value of the~coeff1cent ranges from 0 0 to 1. 0 (low to hughv
’7s1m1lar1ty) such ‘that a 0. 5 value 1nd1cates 50% of the tota1
t.number of spec1es are shared between the pa1red samples .
f.daccard’s coeff1cent is cons1dered to be one of the most
’relxaé/' and 1nterpretab1e coeff1cents of spe01es
/assoc1at1on (danson and Vege11us, 1981) daccard’

//;;coefflcent of s1m11ar1ty uses presence or absence data only,'[

-

v»%atgn}i:measures co occurrence of paras1te sped1es between pa1rs of
sjhost 1nd1v1duals. and does not use cases 1n wh1ch paras1teidfg;
bt-:(:_:,spec1es are absent from both 1nd1v1duals ‘f v |
"h_a_igfslhffﬁlf Quant1tat1ve 51m11ar1ty between pa1rs of host

| ft1s based on- dtfferences between numbers of 1nd1v1duals of

;;}each~spec1es found: in at least one of the pa1rs of hosts |

1nd1v1duals was measured by Euc11dean d1stance Th1s measurei',ﬁ

vh(Cl1fford and Stephenson, 1975) Eucltdean distance tends toff:;d

‘¢7‘ wetght the dom1nant spec1es more heav11y (Wh1ttaKer, 1975)
, o _
C]uster analysxs was used to exam1ne patterns of

"s1m1lar1ty (see W1shart 1978 for d1scuss1on of cluster1ng

| f'd1stance algor1thm (W1shart 1978) Eucl1dean d1stance was :J

fi;th the m1n1mum varlanCe algor1thm (Wlshart 1978)

"'Two methods o{ exam1n1ng patterns of s1m1lar1ty 1nf

e __giff”commun1t1es aré cluster1ng of helm1nth spec1es group1ngs (or
SERERRLRT 1nverse class1f1cat1on) and ducK groups (or normal"*

T;iff;wf,_vtanalys1s) The former method groups paras1te spec1es by the f

"},51m11ar1ty of the1r s1tes of occurrences (1 e .:the b1rds -

}“techntques) daccard’s coeff1cent was used w1th the average R
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l . L L : g

t;they are. found 1n) the latter groups b1rds by the s1m1lar1ty

of the paras1te spec1es occurrlng in them (Cl1fford and

JStephenson.v197Sl Clusters from the inverse analys1s were

lconpared to the clusters of the- normal analys1s by the u"

follow1ng matr1x methodquveloped by Stephenson et, al

(1972) Host groups were used as columns, paras1te groups as

- rows The cells were the number of occurrences (daccard

analys1s) or the number of 1nd1v1duals (Euclldean d1stance
A R4

lanalys1s) of the appropr1ate spec1es group in the g1ven host

(‘r'zgroup standard1zed by d1v1d1ng by by the number of hosts in

)

"'f7each duck group These standard1zed cell values were then

analyzed 1n two ways Each value was d1v1ded by the

'-appropr1ate row sum to g1ve a measure of the concentrat1on

= of the paras1te group in that host group, then by the

'vj{approprlate colu

.”titof that paras1te g

chosen as the level of concentrat1on or 1mportance

wm“to g1ve a measure of the 1mportance
“aup in that host group A value of 20
percent Was con51dered to be a s1gn1f1cant proport1on of

1nd1v1duals in one cell All values above 20 percent werexﬁ

o

Lo
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RESULTS

<

',Spec1es Compos1t1on and D1str1but1on .

I exam1ned 97 bwrds belonging to 10 spec1es of

‘,waterfowl The number, sex and we1ght of each bird, and the

lake and date of its collect1on are lxsted in Append1x 1

One hundred and exghteen taxa of paras1tes (spec1es or

th1f the. mater1a1 was un1dent1f1able to SpGCleS, recogn1zab1e ) -
Matypes of 1mmature worms) Were found (Append1x 2) These
fvlncluded 100 taxa of cestodes. 11 of trematodes, 4} = |
;whacanthocephalans and 3 nematodes F1fty one taxa were types ?”
T}dof 1mmature worms wh1ch cou]d not be pos1t1vely 1dent1f1ed i
.“'to spec1es (character1st1cs of these taxa are g1ven in - -
ihAppend1x 3). Forty three taxa~occurred 1n only one or tworf
m:f1nd1v1dua1 b1rds, all of these taxa were found 1n smal]
?;f‘numbers. exqept for one (Parvula7-mean 209) These taxa were{‘
v“h{tbe11m1nated from most ana]yses, 1eav1ng a data set of 75
“:jspec1es (Table 2) Sxxty three of the 118 taxa were o _
”h~:represented by mature 1nd1v1duals (w1th shel]ed eggs) Thégeff*

~ were. treated separate]y in some ana]yses '.l_ e

1_Compos1t1on and S1m1lar1ty of the He1m1nth Commun1t1es e

"ew1th1n Duck Spec1es

Several summary 1ndlces were used to compare commun1ty

;'hstructure between host spec1es (Table 3)
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Total number of helminth species in each bird species varied
from 17 (widgeon) to 48 (canvasback, scaup). The mean number
of species varied from 5 (widgeon; range=1-10) to 20

(canvasbacks ; range=9~30). Although all birds were infected

one mallard and one widgeon had only one helminfp species

each. The proportion of common helminths (>50% of the birds

infected) in each host species varied from 4% (bufflehead)
to 42% (scoter) in each duck species (Table 3).

Widgeon had ‘the lowest jnbmber of individuals (85;
range=3-304), whjtefwinged<scdter had the highest z28;087:
e=1,082-128,660). The effect of the number of birds

‘?;Qed on the tota] number . of paras1te species w?tth each

- ei3jyas examined by plotting the cumulatlve number of

&3

species recovered with 1ncreaswng numbers of 1nd1v1dua1s

‘sampled. Birds were arranged randonfly (random number

table). Mallard, gadwa]T: bufflehead,\canvasback and scaup

- all appear to continue to increase numbers of parasite

species with increased number of hosts examined (Fig. 3).

- Blue-winged teal, ring-necked duck, scoter and possibly

Widgeonménd ruddy,'all éppear to reach an asymptote’.in

species accumulation (Fig. “4) Most species had accumulated
. 50% of the final. total spec1es number by the third bird. The

only except1on was scaup which required 5 b1rds to

accumulate 50%. Mallard, widgeon, gadwall and buff lehead

required more than Sb% of the birds sampled to accumulate

‘ 75% of the helm1nth spec1es Blue w1nged tea] and ruddy

required
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| fig@féwB,_ Cumulatlve number of lntestlnal helmlnth

spec1es 1n the number of bi[d‘ examlned of each

s

duck spec1es.“ (GAD 5 Gadwall BUF Buffleheadg :

»

gCANn— Canvasback SCA 1 Scaup, MAL 4 Mallafd.)e‘

LI L R :;sw.;
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Figure 4. Cumulative number of intestinal helminth .~ = .~

.{‘i-¥j{” ff; 5pécies ih tHé numbép'of birds'éXéhined;fo.
o _f LT ~éa¢hfdddk‘specie$;  (RUD —‘RUddy;fRIN'%uRing— ‘
CERL e "neckéd duck, WWSﬁF”Whiteﬁwinéed scoter, WIb f‘3&,:

<

‘Widgeon, BWT ;fgiue~Wiﬁ§eait¢él;)f
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~,half of thelr samples to accumulate 75% wh1le canvasback

r1ng necKed duck scotev and scaup requ1red less than 50%
| The number of laKes from wh1ch b1rds were exam1ned may

haQe anvaportant effect uponvthe total number of paraslte

'ﬂ spec1es found 1n each host spec1es For example, theinumber

bf_'of helm1nth spec1es 1n w1dgeon from three laKes

(Rattlesnake Charron, Bellsh1ll) was 4 11 and 13,

H'flrespect1vely Each lake had spec1es not found 1n b1rds from B

 the other lakes (Rattlesnake— Charron 3, Bellshlll 4)

‘vRanK correlat1on (Spearman s) was USed to exam1ne the

':effects of sample s1ze of b1rds and number of lakes exam1ned]*\

1‘on the number of baras1te spec1es, 1n each spec1es of host

‘7“Netther the number of helm1nth spec1es nor the mean: number _

't were compared us1ng the daccard coeff1cent of s1m1lar1ty

.‘L?fe1ther number of b1rds or number of lakes sampled

:di:(Rho 0.38; O 33; 0 44 0 35 respect1vely) The number of
'imature para51te spec1es per duck spec1es was. correlated’w1t_'
j_both total numbers and mean numbers of helm1nth speczes f‘

‘(Rho 0 73 0. 70 respect1vely) | be

ciof helm1nth spec1es in. each host spe01es was correlated w1th4'\» ’

S1m1lar1ty between 1nd1v1duals of the same duck spec1es;2’

Mallards, W1dgeon, buffleheads and r1ng necked ducKs all hadv“

?5‘low s1m1lar1ty between 1nd1v1duals (Table 4)

I .
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;Approx1mately 50% of the pa1rs w1th1n th1s group had 0 to

25%. s1m1lar1ty Gadwall blue w1nged teal ruddy,"
Vcanvasbaekf scoter and scaup;alJ had the maJor1ty (>50%) of
4;ihdivtdualsswith,2§dto 50% 51m1lar1ty only. scoter and scaup
"had‘a largerproportton of palPS-Wlth 51m1lar1ty values
bsgreater than 50% Mean s1m1lar1ty varied from a low of 14%
1n bufflehead to a hlgh of 46% 1n scoter ‘ :

| Several of the measures of commun1ty structure were’
s1gn1f1cantly correlated (F1g 5) Of spec1al 1nterest were ’
the pos1t1ve 1ntercorrelat1ons between the proport1on of
"common spec1es._the mean s1mllar1ty, and the mean- number of
h 1nd1y1duals Duck spec1es w1th a large number of 1nd1v1duals
have a hlgh number of common spec1es and a h1gh s1m1lar1ty

, S1mllarly, the total number of spec1es, the mean number;

'fiof spec1es and the number of mature spec1es were pos1t1vely'1

"»'spec1es s1m1lar1

A1ntercorrelated Each of these three measures was negat1vely‘@__‘

“correlated wi th evenness (d) Th1s pattern d1ffers markedly ‘
vhdfrom that normally reported 1n the l1terature on freel1v1ng
icommun1t1es. 1n wh1ch the number of spec1es and evenness are:f
either unrelated or commonly pos1t1vely correlated :,v.
‘_(McNaughton and Wolf 1979) In thls study the opp051te
,occurred) as specles numbers 1ncreased the eQU1tab1l1ty tnih‘p

v.spec1es abundances decreased (approached 0 0)

‘The nnly s1gn1f1cant correlat1on between these two -

groups ¢i - =asures” (mature spec1es, evenness, mean number of ,

lspec1es and mean Tumber of 1nd1v1duals,'number of common
\ : RERLR



Figufe 5.

Slgnlflcant 1ntercorrelatlons between seven

. measures of communlty structure (S— total

'number of»spec1es;,sm7 1'otal number of mature

species;vE{;eVennesS; S- mean nunber of spec1es,

'i— mean number of 1nd1v1dual worms,iNCf number

,of common spec1es, SIM— mean SLmllarlty w1th1n

_each duck spec1es (Jaccard s Coeff1c1ent))
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“was a pos1t1ve correlat1on between the mean number ‘of
spec1es and the - number of 1nd1v1duals These patterns of
~"'lntercorrelahon suggest that d1fferences 1n the commun1ty »
~structure of‘the.paras1tes;of the different duck spec1es can
be measUred‘by'three variables:fmean number of species |
_(complexity), mean number of tndtviduals (size)'and mean-

o

vs1m1lar1ty P]ott1ng these ‘three’ values on a graph 1nd1catesw
. a loose1y structured cl1ne of duck spec1es from 1ow
‘complex1ty. small s1ze,_and Tow: s1m1lar1ty to hlgh |
complex1ty,,large s1ze and h1gh s1m11ar1ty (w1dgeon to‘
rscoter) (F1g 6). Gadwall and ruddy both had high s1m11ar1ty'“
' but low or moderate 1evels of complexity and s1ze, and
3therefore contr1bute to the loose structure of the cidne
: . _ ;

Faunal S1m11ar1ty between Duck Spec1es

The number of paras1te spec1es shared by d1fferent

"“pa1rs of host spe01es 1s presented in Fig. 7. Similarity

vhbetween pairs of host spec1es was also compared us1ng the
daccard coeff1cent, calculated on a]] paras1te spec1es i
' occurr1ng w1th1n each duck spec1es No spec1es pa1rsvhad‘

,h1gh s1m11ar1ty (>50%) Canvasback had a relat1ve1y high

'degree of s1m1lar1ty (>40%) w1th mallard and scaup, w1dgeon S

' 'w1th'gadwa11,and ruddy; and bufﬂleheads w1th r1ng4necked

4

A

'ducks}'.'



e

Figure'6;',Arréhgement of ten'SQécies of watérfpwl’aldng*

. ' three measures of helminth community' structure: ——

Size (A) (mean number ‘of individuals), Com-
nplexitya(B) (mean number of species) , and

jSimilarity (C) (Ja¢card!s Coefficient). |

- b
<
-
s .
fv
4
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Figure 7.

Y

Number of helminth Species‘shared (lower left .

‘Eriangle) andgsimilarity values'(upper right} g

triangle) (Jaccard‘s‘Coefficieﬁt) between duck "’
species. (GAD - Gadwall, WID - Widgéon,fRUD.—'

Ruddy, BWT - Blue-winged teal, BUF - Buffle-

head, RIN - Ring-necked diuck; MAL - Mallard, .’

CAN - Canvasback, SCAH:

.

winged scoter:
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Cluster Analys1s of Ind1v1dual BlPdS

1;canvasbacks,\3ﬂl gadwall’(?/?) clustered w1th 2 (of 11)

’,'cluster 1nvolved almost all of the b1rds However

u .

L In1t1allyaall cluster analyses were dOne using'all 118

"taxa thtle d1fference was noted between the analyses on.
1 y118 and 75 taxa (43 rare spec1es removed) BecaUSe of the1r '
"Jnfrequent occurrence and Tow numbers, the 43 spectes y'm

.contrxbuted llttle to the slm1lEr1ty between 1nd1v1dual

b1rds, they were not be used 1n the subsequent analyses

Analys1s of qualttat1ve s1m1lar1t1es of the 75 taxa

fof 1nd1v1duals w1th l1ttle s1m1lar1ty All 1nd1v1duals of

:,the three ducK spec1es (ruddy,'scoter, blue w1nged teal)

"

”;forned separate 51ngle spe01es clusters (F1g 8) "',~ ;:f

‘_add1t1on, all scaup (16/16) cluster w1th 3 (of 6)

ff”w1dgeon and most of the r1ng necked duckKs . 5/6) clustered

7,w1th 1 Gof 6) canyasback and 1 (of 16) mallard In add1tlon,.

f~fsome of the larger clusters (esg_. cluster I mallards 2 3,;
'bf8 g; w1dgeons 1 to 4) In general -1nd1v1duals of one |

‘.SpECleS d1d tend to. cluster w1th other 1nd1v1duals of the

ame spec1es for s1x of the ten spec1es of ducks, th1s‘_

<

indi v1dual w1dgeon, mallard5°/canvasbacks and buffleheads o

'-1e1ther d1d not cluster together, or. formed small clusters,ul,

unrelated to others of the same spec1es DR ;

o

' Ay
ENE : . . R . T
s . . Ty ) N 5 0

:rforned 9 d1st1nct clusters (1- ?&) and 1 cluster@lX) (F1g 8) W

k»smaller s1ngle spe01es clusters may be determwned w1th1n 1g‘~v

‘e
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Con51der1nb the large number of spec1es. s1m1lar1ty at

the 50% level 1s con51dered to be hlgh Seventeen clusterS' g

are. apparent at this level lovwere pa1rs of 1nd1v1duals-(ofy i

' wh1ch 9 were of the same duck spec1es), 2 were tr1plets of Y-G{."

.;SIngle spec1es (widgeon and ruddy), one 1s a group of four
.'1nd1v1duals (3 gadwall and 1 w1dgeon). and the other two
lwere s1ngle spec1es groups of n1ne scaup and 10 scoter
The spl1tt1ng of four spec1es of ducks 1nto two or more3
:-groups of 1nd1v1duals 1nd1cate§'a more complex pattern of .
< -glffll”..v : s1m1lar1ty For example 1n cluster VI three canvasbacks.*“‘
| b'dclustered w1th a group of scaup, in cluster I 2 canvasbaoks :
"~——~ETG§tered w1th mallards and w1dgeon,.1n cluster VIII th‘

rema1n1ng canvasback clustered w1th the r1ng necked ducks

. ; .

’llffThe first 3 canvasbacks had h1gh spec1es numbers (>20) the';d‘
tlast 3 low spec1es numbers (<16) In part the patterns |
‘t7fwere assoc1ated w1th d1fferences between laKes Three of the Ll
‘.four mallards 1n cluster IV were collected from Rattlesnake
WLake W1dgeon were spl1t 1nto 4 groups (clusters I I IX

:'and X) W1dgeon 1n cluster 1 were all from Charron LaKe

"TInd1v1duals in cluster II (w1th gadwalls) wepe,a mated pa1r
' collecéed from Bellshlll LaKe. where gadwalls were. comhon
\/ .

5and both conta1ned a paraS1te otherw1se restr1cted to

‘fgadwalls A second pa1r of w1dgeon collected from Bellshlll

l‘,l

),

"fﬁbake’clustered 1n group X along w1th other b1rds w1th few f'”'x’
"n'paras1tes The d1fferences between these two palrs from the
'same laKe suggests var1at1on 1n paras1te ava1lab1l1ty w1th1n

‘flakes as)%ell as between lakes D&gigf



, An analysts of quant1tat1ve 51m11ar1t1es (us1ng the

'r‘ Eucl1dean d1stance analys1s) d1st1ngu1shed a number of maJor
c]usters sxmllar to those of the daccard analys1s (F1g 9).
Ruddy formed a s1ngle spec1es cTuster of all 1nd1v1duals in

group 11 scoter formed two separate s1ng1e spec1es groups.

,~Vs 7 (2 b]pds) and 13 (a]l the rest) " blue- w1nged teal formed -

two s1ngle species groups, 5 (6 bwrds) and 8 (3 of rema1n1ng'
~‘:4) Eleven (of 16) scaup formed a s1ng1e spec1es group ‘while
3 scaup, all collected from FTee1nghorse Lake, clustered
with 4 (of 6) canvasbacks \The three canvasback were the
. same 1nd1v1duals cluster1ng W1th the scaup 1n the daccard
'analys1s F1ve (of 7) gadwal] grouped w1th the same w1dgeon
fas in the daccard analys1s The most obV1ous dlfference
: between the ana]yses of the qua11tat1ve and quant1tat1ve
data was the tendency to separate what were s1ngTe specwes
vgroups in the former 1nto d1fferent groups in the latter |
‘i: Blue- w1nged teal were separated 1ntb a. group wath hwgh g
bi_numbers of spec1es and 1nd1v1duals (group 8, 3 of 10 b1rds¢'

i aLT coTTected from BeTTshlll Lake in 1979) and od% (group 5)

éw1th Tow numbers The two (of 13) scoter in duck group 7 had}.{

fewer spec1es and Tower numbers of 1nd1v1dua1s compared to

the-rema1n1ng scoter (Table 5) The group of 3 r1ng necked
f?p ducks 1n c]uster 6 were all col]ected in 1977 Thef" ‘
-ring- necKed ducks coTlected in 1979 entered 1nd1v1dual]y d.f

. i1nto clusters 2 and 3

e i



Figure 9.

‘Scaup.) .

by

(qﬁyStér‘analyéis"(nérmal)_of“similarityivalues'

.of numbers indi&iduals of seventy-five parasité__

taxa in individual birds of'téh;duck'species.-

. ;:f" L

Vertical axis represents similarity values of

VEuclidian distance.‘V(WID'-.widgeon,'GAD~—_
» 'Gédwall;'MAL —}Mallard;VBw?ih Bluefwingedvteal>*,
'RUD'f'Ruddy, CAN:¥1CanQasback;'RiN_—'Ring—

néckéduqk,_WWS'-,white—winged scoter, SCA -

' ,':g‘,l-.
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Table’; Mean number and range of helmlnth species and indlviduals

within each ‘duck group as derlved by cluster analysis u51ng
Euclidean distance.

Duck o ' " Mean Number . o Mean Number
Groups. . . SN® . of .Species . -of Individuals

' 1' | 6 - .o 8f(5—10) . 133 (18-319) -

5 o 6 10 (4_15)'f. o -1_' 368‘(23-1,453).

3 - i3 R A= ,v27 (3-123)

4 ' E B _ | 7 (5‘_9),‘ - - _ 232 (109-399)
e e "','l' » ‘io’(3f%9iwi;ﬁa' 392 (66-1,151) |
Ly B e o ) 7,'7.(6;8) f  S 1,805 (1,082-2,525)

8 f'f‘, 3 o :j - f'“ i3v(10-16):i" _'v 2,534 (840-4,586) .

';é ';  0 . 1naen  7f1 263 (60-660)
10 o 6 u (8 18)‘v L 238 (746D

1 1  - 61 ) - f.; 8 (5- 10) ‘ "  %_1,689f(304-2;627)

12 s 20 (8—31)‘ B 71’110;(81#1,784)

3 1 21 @e-2ny 32,866 6 (5,727-138,660) -

4 T 14 (10-23) 33,031 (3;130_83,548)

" T
B K N
R - . . N

+
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» “.Host species”flake, and to a lesser extent, year or
" regions within a lake may all affect the similarity.in the -

'community structure of.parasites40f waterfowl.

N1che Breadth of Helm1nth Spec1es ‘v |
N1che breadth (B’a, u51ng equat1on 31 of Hurlbert

‘1978) was calculated for those paraSIte spec1es,for whlch
mature 1nd1v1duals were found (Table 2). The index'lB’a)
requ1res ‘a measure of resource abundance 1n 1ts calculat1on
I used the sample size of each host spec1es as a ‘measure of -
~/}resourcelabundance Values of B'a can range from 0.0 for a.‘
‘ paras1te found in only one host spec1es to 1.0 for an
extreme general1st found 1n equal abundances in, all host

spec1es Calculated values of B'a ranged from 0 to. O 66

(Table 2) Twenty one para51tes (of 63 wh1ch matured) could

\

be cla531f1ed as spec1al1sts (B’.a<. 10) Ech1nopa[¥ph1um "

reourvatum was 1ncluded in th1s group,‘even though th1s -

. spec1es occurred 1n 9 of the 10 host spec1es Most
1nd1v1duals of thls spec1es occurred in one host spec1esv

(canvasback) w1th one of the smaller sample sizes (6). Two

: of the paras1tes, Apatemon grac1l1s and Corynosoma

constr1ctum had B’a values of greater than O 5, 1ndicating

they are relat1vely bgoad generallsts The relation between
S

‘.nache_breadthr(B’al,gn ~the number of hosts 1n_wh1ch a

i [Tustrated in Figure 10.




Sy

.figure:lo. 1Rélatiéﬁship bétweén helminth niche»breadtﬁ
- (Eféf and the number\of hosts infected with
’maﬁure hélminfh_speciés,ihdividualé,f (séecies
’nu@éricalvcbdes afe.ééesented»as lisféd:ih'

Appendix>2.)‘
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Niche breadth of. mature individuals‘indicated a similar
‘range from extreme hos t specwallsts (0. 0) to one species (A

grac1l1s) with.a value greater than 0.5 (Table 2). Six

spec1es, 1nclud1ng C. constrictum, had calculated values of

greater than 0.25.

"o  Habitat spec1a]1st ‘and general1st are relative terms
wh1ch can be defined in d1fferent ways. The s1mp1est -/
definition ofea spectalist js a species which occurs in'oniy
ene habitat. A‘generalist_is a specjes which occurs in all
'Habitats. This definition however, does'not:take.into
‘aeceunt relative abﬁndaﬁCes ef’the'organisms'er'the
availability of differentwhabitats.fThus,.the terms can be
defined'by using.a measure of niche Breadth that takes‘ihto
aCCouht relative abundanees and relative‘resource |
ava11ab11t1y Another def1n1tlon of spec1a11st and
'general1st 1nvo]ves the f1tness of the spec1es' A specialist

has ma X i mum f1tness 1n one hab1tat a general1st haS;equa]

f1tness across all habitats (Resenmwt

v

formation .

Unfortunately, most stud1es de hot'have all i
neeessary to apply the last thHdefinitohs. in thetaboVe
analyses (B’a and B'a. (mature)) I‘have'examin the'latter
twe defihttionE. For those spec1es which occyr frequently in
~a host 'species B'a (mature) | is a good measure of- niche

Co

‘breadth as related to relative»fitness. .

.
A
[
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' ' ; ‘ﬂ ;“';‘ ‘: o ., ;‘) YRl "
Slmllar1ty in Occu\{ence of HelmlntA»Spep1es (Invense

Analys1s)

daccard’s coeff1centvof s1m1lar1t1evﬁmmong parasite

species 1nd1cated 12 maJor paras1te spec1es groups (Fig.

A-L; see Appendix 4 for spec1es names) Cluster A contains

'81ght of the fifteen most w1despread species in the entire

data set (Table 2) Mean nlche breadth (B'a) was h1ghest for

group A (Table 6). F1ve groups had mean nwche breadth (B’a)

of less than 0.1 1nd1cat1ng they are composed pr1mar1ly of

' relat1ve host spe01al1sts . o

‘Seven groups of 1nterest were noted at the 50%

é1m1lar1ty-level (Flg 11; solid arrows) ~one pa1r of widely

'd1str1buted spe01es, and ‘one pa1r of paras1tes found in

scaup, three triplets, one group- of five species and another

gnoup of nine species found primarily in a 51ngle-host

~ species each.

than 0.1. | .

The Euclidean distance dendrogram lncluded'seVenteen
maJor spec1es group1ngs (Fig. 12 AA QQ, seelAppend1x 5 for p
species names) Cluster AA conta1ns 4 of the most prevalent ?
species. Mean nwche breadth was h1ghest for th1s group

(Table 6). Five groups had mean niche breadth va lues of less

L
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Figure 11. Cluster analysis (inverse) of seventy-five '
L PR . . . . . . . - - i -
; parasite taxa using similarity values of their
ot ‘occurrences in ninety-seven }’)irds of ten duck. B @
' species. Vertical axis represents similarity
values of Jaccard's Coefj:/%ici'ent.. (Species .
. codes for each parasite group A-L gre listed
o in Appendix 4.) - ‘ . g ’
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l2.° Cluster analy51s (1nverse) of seventy—Flve'

N

’

LY

}'para51te taxa u51ng 51m11ar1ty values of thelr

'od%urrences of nunbers of 1nd1v1duals 1n 5*‘x

“ : ,‘\r‘ :

= nlnety seven blrds of ten duck spec1es"

. i
e "\r'»t'

ﬂ-Vertlcal ax1s represents 51m11ar1ty values of

’fJaCCarde Coefflclentfﬁ (SPECleSVCQdeS,fOIJu

each parasxte qroup AA QQ are llsted in
| ] ‘ .
App*’endlx 5 )

i
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‘ compare these group1ngs of normal’ and

‘paras1te group ‘*ft

68

Common and Character1st1c\Spec1es
| Stephenson et al. (1972) have developed a method to

!

1nverse analyses
by construct1ng a summary co1nc1dence table

Comparwson of the paras1te and ducK groups selected _

"errom the daccard analys1s (F1g 13; values in Append1x 6)
:1nd1cated paras1te group A dld not concentrate (>20% of the
':1nd1v1duals of a paras1te spec1es) An any one ducK group but o

A,_was 1nport§%% w1th1n all groups Thls group also had the '
.h1ghest mean n1che breadth value (Table gl Each of ‘the

. aother groups was concentrated in one or two duck groups 'In;V

a3

‘;fk;duck group I and IV paras1te”‘roup A appeard to be the only,“
?iwmportant (>30%) group ATY other duck groups had at least

e

”~one othern1mportant paras1te group :;‘.7"‘3" . g’

4%% Lt

Where a paras1te gaoup W%§ concentrated ‘Qwa glven duck_;

- group and-. also was 1mportant 1n that ducklgroup the paras1te;f’

%

group can be regarded as character1z1nglihat duck gropp S1x

4of the ducK groups ware characterlzed by on%@gw the éara51te e
g _
groupp F1g 13) All of - these duck groups were dom1nated by

' f_a 51ngle duck SpECleS Several of these paras1te groups had

| mean n1che breadth values of less than 1.0 (D, L], K) .
rema1n1ng 4 duck groups were . not characterlzed by paras1te ‘ff
*”;jgroups All of these ducK groups were a compos1 f host

ggspec1es No paras1te group characterlzed more than ‘one duck :

'7‘group. and no duck group was characterlzed by mggp than onev‘

. N
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CdnCentratioh of <helminth spé¢ies groups o

. ! . o ! ' o 4
across (+) duck groups and importance of hel-

V‘miﬁthﬁspegfés grbups»withinf(d) duék grdﬁps
fderived by cluster analysis using Jaccard's

»CoeffiCient‘ofvsimilafity. (®) - hélminﬁh‘“

fes;groups<characfe;i;ing duck groups).
(S@gutext_for'further explanat;on); o i?,)
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f"Ihe-same procedure was‘repeated using uok:speCies
h‘1nstead of ‘du¢k groups (F1g 14). It is not surprising that‘
that parastte spec1es groups which characterized duck groups‘
dom1nated by»s1ng]e duck spec1es. also characte IZed the T ;
" same duck spec1es (Table 7). o |
' The same analyses were. run on data from the clideanA
vc]uster analys1s (Flgs 15 and 16) The group .of ge eraiists
(AA) was " sma]ler and not as 1mportant in all duck gr;ups
: Some paras1te groups often character1zed two duck grot &
UsuaHy (e.g. BB cc) but not always (. g QQ) the two e
: groups compr1sed the same ducK spec1es Sone duck groups"
(T? 14) were also character1zed by . two paraswte group .
These features 111ustrate the greater d1fferent1at1ng power
of the Euc]1dean analys1s ' "x_'vvu o -
In the analys1s us1ng ducklspec1es, six duck spec1es
- were character1zed by 7 of the same-paras1te grQUps whiche
had tzaracter1zed the duck groups Five'of.these duok |
| speci=s were the same as those character1zed by paras1te
vmgroups in the daccard analys1s R1ng necked ducK o
»‘character1zed by a daccard paras1te group,,was replaced by
the, ma]]ard, charactertzed by a Eucl1dean helm1nth group o
W1dgeon, bufflehead and canvasback could not be ‘
Character1zed by any spectes‘group,from e1ther_the,daccardﬂ

R4

“qr Euclidean distance cluster analyses.
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;~figure 14. Cépéentraﬁion,of‘helmin£h~épecies grbﬁps de-
| 'fivéd~by_cluster analysié'nsinq Jaccard's
,“Cogfficiént of Simiiafity aéross'(+) duékf
S§e¢ies ané tﬁe importance of helminth species
within {(0) dudk speéiés.‘(Tﬁé notation ® in-

‘dicates the hélminth'speciés group which -

; ' : charééterizég the duck species. (See'téxt'fqr'
. 'Q: further detafIS‘and explanation) . =

N
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Figure 15,

y -

a

Concentration of helminth species grouﬁs'
. . . ) . ) !
across (+) duck groups and the importance of

‘helminth species groups within (0) duck groups .

vz

r@Sriveé by cdluster analysis using Euclidean

,@;stancé.-‘(e - helminth épeciés'groups

'

. chardcterizing duck ‘groups): | (See text for

1‘fUrther.explanatian.’
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S AT Sy I e

The above analyses were done to determ1ne 1f duck j '.u:
spec1es Yor groups) have d1st1nct paras1te’grou§s Because .
the analyses 1nc1uded spec1es wh1ch occurred 1nfrequeht1y
(<3 b1rds) _some of the paraﬁfﬁe species groups 1nclude “
vtf species - wh1ch were found in: less than 50% of a duck spec1es
Zhh‘d' _"df'sample In add1t1on,_some of the helm1nth spec1es d1d not '_-
mature 1n any~of the ducK spec1es Only those paras1te ,s_‘
spec1es, w1th1n paras1te groups wh1ch characterized duck
h;’spec1es, wh1ch occurred i more than 50% of any duck spec1es ?i]h
- sample and matured w111 be cons1dered a character1stlc ‘h
'i\V'jfilfspec1es SpeCIes of paraswtes wh1ch character1zed the above';l i
/ef%;iffﬂy host épec1es 1n the daccard and Euc11dean analys15' : ‘

over1apped extens1vely (Tabies 7 and 8) nly one spec1es,r"“

*ﬁ Po]ymorphus mar1lts, charactertzed two d1fferent ducK

t* species,»scaup hﬂ the daccard analys1s and wh1te w1nged

"r’scoter 1n the Euc 1dean analys1s However, P‘ mar1lws rarelyj
matured in| scoter'il cons1der 1t to be a character1st1c hf*v:d;'

paras1te of“scaup

: R . . S
‘; y v;‘ W R g : PR . : R L ~
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"*vmature rﬁd1v1duals in the system, and depends in part on_'“

'Specves ‘change”‘> AN o |
The m Jor1ty of paraSIte\spec1es which matured in the ‘ \\}\<
'~"fowl ocburred ﬁn 2 or more duck spec1es Only seven

‘,specte occurred exclus\vely in one ducK spectes In.

contrast 15 of - the paras\tes wh1ch matured occurred in 6. or
more duck s ecies and nine ef these matured in5 or moreﬁ
a'host spec1es 'Thus. ducks are not\Js ted habltat un1ts, at "

jthe host specres 1eveP but: al ow consﬁderable paras1te

exchange (the spreadlng of a/paras1te spec1es from a pr1mary
host to anothep, v1a an 1nﬁect1ve pool of 1ntermed1ate b
- :hosts) A pr1mary host is, def1ned by Holmes et a] (1979) as

‘the spec1es wh1ch malnta1ns the greatest proport1 n of

host populat1on s1zes, data wh1ch pE do not have for ’

tﬂpurposes of th1s study the potent1a1 pr1mar A 'Qiil bex'rh {
that duck spec1es w1th th highest abundanc - : Valence X,
'tmean number of . 1nd1v1duals 1n 1nfected hosts) df mature

'\1nd1v1duals of a paras1te pec1es That paras1te must also

' occur 1n >50% of the 1nd1v1d';ls of that’ ducK spec1es }fi'ﬁ

R . .
TN 3 . . a e

: (because of small samp]e s1zes)

Because populat1ons s1zes of hoad spec1es are. an

lfht1mportant factor in determ1n1ng pr1mary e the greaterw:
the number of host spec1es 1n wh1ch a paras1te _ ec1esn-;
‘tmatures the more 1mportant the relat1ve host populat"qw .
’,._fzes become in*asseSS{ngjtanhich hostithat'parasjteo‘;
v ",s has the greatest repﬁoduct1ve potent1a1 and'

contr1bu f n to the 1nfect1ve pool Therefore reg1ona4

74



mature 1nd1v1dua1s ers. For P.
prevalence and 1nténstty were

ner and/Weaver,

/
paras1te spec1es whtch

Spec1es separa&é[ﬁ

has already been ﬁﬁ%ntf?Ted~a\‘a character1st1c speb1es of

/
scaup de5p1te 1ts w1d\\host range) TWo -of . these species,

Ech1nopa4yph1um recurvatum and Hymenolep1s hopk1ns1 had

Large’ numbers of mature H

mature 1nd1v1duals concentrated in one host spec1es (T
L 9),
I fgadwal]

hogk1ns were found in .
w1th Tesser numbers\1n mallard. However,

s1nce
mallard are the domlnant waterﬁowl in this region it cannot
N

be determ1ned wh1ch is the. pr1mary host
1nd1v1dua]s of H

The mature _
hogk1ns 1n ma]lard could be contr1but1ng
more to the 1nfect1ve poo] than those 1n gadwaTT
‘ cjear however.

\

It is
that the dabblers are the - pr1mary hosts. Both
,the prevalence’(dabblers 36% vs divers 15%; G test) and .
'{”}v;ntens1ty (number of worms 1n each 1nd1v1dua1) dabblers 54
‘+ 58.9 vs d1vers 9 + 127 3 Mann Wh1tney u- test) were
s1gn1f1cant1y d1fferent between the groups

.\\

Mature E
“recufvatum were concentrated in canvasbacK. Canvasback
popu]at1ons are relat1ve]y sparse (10th in abundance, Turner
and Weaver,

1977) 1n ¢h1s reg1on and cannot be cons1dered as
the pr1mary host

Mature Polymorphus&contortus and -
Corvgosoma constrlctum had the greater maJor1ty of the1r

1ntdabb1ers

contortUs both

®

-, 1977) yerej/

M‘xﬂ{\fp spemes, Polymorphus mar111s,

I considered eight .
o oS



. . : , | . \ . ,,\ .
’ w B ) “ (8652 vu:.u:-, YaIga) :,cnv.«)«.u:« o1n3jew Jo oduvpunge ...‘4...
@ ‘ ' Y . m.vurue_.wo -.v:n uo aoqunu / po3dDJUY -.:o: ;0 Ioqunu = N,
, - - L) 2944 - ... - - ..g.ﬂ\nh ..o.u o 9/t | o'z . /¢ | st Yy e sy3cHE 3.5y
o te fee st | oee Lot e e - e stfs | -- el KRS ase 20 /U | TRIGAGIAE R (vl
= feo s | etter ws et wr|-et e ) Sv* . o'z 9/t | vo /e TeTeATSI g vy
vo cts | - 1 - | e s oM ] - .- Hero ese et st | == s/t | oz vi | cEATIowEes (7 9
e 9°0 2 et | oette svsst | Zc Y 2 T S 2} 8°0. - 9/2 a.m#/ et /v, | e wr | STi1atu g *§
‘ s e/ | -- 91/2 0" 1L 8/¢C .I. ot/e | =~ ax oIz st/et -/t ,o..ﬂv,,..:\mg ot ﬂﬂdﬂm .w._ -y <
ot e /6 reo™ , $1/} 9°0 - 9/y. ] g M‘mo.v oY/0v { £°0 9/¢ ) o..n. 91/01 a .o\.« k . 0°0 - 11/ ew..uﬁ.u...cou m\ o .
oet et/ | ocut ‘om\: o'cr 9/ , ; o'c. -ot/g | 0°9T /% 0°re 19238 e 9/t | o't /s o TiTeeE .«4.._.6 5
”///. ~-cu/eT | 80 B 178 IR 72 ) m - owe |- | et swe -9/t | - tyse | FEeTeNe o3 v |
// ' N NN v N 2 v N LA S L S Y B R S oV
™ 323098 o . oo qeos - R F xonp .
vu/ocffu:z: dneos Xovqevauv) 1tenpv9 ,/mumf)-o:;. - Appny : CPARTIVH poxoouv-buty peoyo(zing uoabptTs
. ‘*soToads, 3soy @Iow 10 g ur Butaanooo sotoeds o3TS . . o

‘

JO STENpPTATPUT 2aIn3jeu 30 @ouepun e pue P23093JUT SpPIiq wovumnEaZHﬁrm,mHnme v




,

significantly higher than in divers (prevalence:
dabblers-48% vs divers 9%; intensity: dabblers-25 + 32.8 vs

‘divers-11 + 11.,2). For C. constrictum prevalence was .

s1gn1flcant1y d1fferent but not 1nten51ty (prevalence:
-dabblers-52% Vs deers—11% 1ntens1ty dabblers- 8 + 18.5-vs
divers-2 + 1.1). Greater numbens of‘mature 1nd1v1dua1§ of

~ Apatemon gracilis were found 1n d1vers (prevalence

_dabblers—39% vs divers-57%; intensity: dabblers 26 + 83.8 vs
| divebs—32 +'59.5). The ihtens1ty.was s1gn1f1cant1y different

but prevalence was not. Notototxjus'attenuatus, Capillaria

anat1s and. F1mbr1ar1a fasc1olarls could not be assoc1ated '

w1th any host’%pec1es or group These eight’ paras1te species
are considered to be‘hogt generalists. | P ‘ .
- Of the other 55 parasite speCies“which‘matuféd in oné 

or more hosts,u28'did.not occur in more than 50% of ény.one

thgt 5p¢¢ieé samp1efk1f {s UnTikely‘that”such host; wOUlq be

| lﬁthe primaryuhosts’iuufhe system. Instead, it is possible,the
bbtenfialyprimary hcsté'of.thésé species are ofhér»'.
wéterbﬁrds hot examined ih.this study. Ail but two of the

g rema1n1ng paras1te spe01es (Table 10) were identified as

1 character1st1c paras1te spec1es by e1ther the daccard

analys1s or the Euc11dean analysis. Two except1ons,’D1orch1s

"n.sp. TT.and Anat1nella §p1nulosa, were‘present in 6/§ and

4/6v1nd1v1dualsarespect1ve1y, and‘matured on]y in.
~ canvasbackKs. On that basis?I conéidérvthem to be o

characteristic species -of canvasbacks. C e



87

.
- CeTRAPTATPUT NIVIWIIY »i03ve O BJUIDUAQY o
*peuTwWYND EDITQ )0 IQUNY / sysoy paIddvy 3o .u!e::z )
- P - - - . - - . /T - .o - - - - - .- | VRo(nuids ¥ c¢s
- - .- - - - .- - - - 1o /et KR - - - -- vinaavd ¥ °s§
- .. . 1373 e - — . o - — PR - . s TR37336I5 T '
- - - - - e tr U - ot . - - e e . /e VINUIdT 0T o
- - - - e /s - - - 2 .. - - T 8/ .- - e o iRt t@ s
- - ey st/ t'o s/ - — - - — - - - — e - LN R Wnavaieoed W 'ge
. .- - - .- - "t (722 15 ST SR 1 /) . . - .- e - - $*0 /L B0 T e
. - foe sy L oty - - - 1 188 9/ - - . e T - -- - L vepionaks T v
- .- - r1/¢ Le .3/ - - - e o - o - - - - - S 13 +decv *F *gg
L - - r's (37231 - e/ - - - - - . - — — — - - - FER1eaId N 2
s 131944 (33 "/t et - 10 1174 S B 1Y 3/ - - - B — - e ww3vaged '3 1t
[SEST 2NN 3 773 3 B 21 1n/1 - - - .- R - . - — | st —— -e - .- O VIvRInQTIvIIgE ‘W ‘1z
- (4741 [ 1) /51 (&) v/t - e | -- -— — — e — - -— - - - - TIEUBARY *W *L1
.- -~ te mn/e s - - - e/t - - $eT — e - -- - - TR (W Cat
- - *o 1/% - - - - -~ . - - . B, -- 173 - e EIEU ST R 4
L RRLRE IR 741 - - - VT - s s 1Lz 01/ - /1 e | at/c - - -~ - - LR I A
-- 13744 r 10T 91/51 e/t - . - - - - .. - - |- - U vrtysnd % ert
e e ee 31 11781 .- s/ - - - - — - 1] sr/0t - - - e - - v1ruoi63 *a "ot
- 14703 I T T3 711 I s/t e R - . . - nn - - - v e - VATII5AF 'R -6 .
o4t Uy € Csly  sT/%t €08 9/y - - . . - — PR 2 ¥4 - — Se - -’ -  ¥¥0137150uids "R ‘1
A ] v N Y N ¥ N S Y | A\ B N N \] R A 4 N oN
: vaL’ o i %200 ) 5312345
€12035 4nvos AVUSYANYD . TIvmavD CIONIN-2NTE 1aany - WV ., QINIIN-ON TN avINTTLING ¥N010QIM HININTIN
T . .
- _ \«/.ana

YIUTWISY 0z 3O STENpPTATPUT

*POUTWID]}dp 9q Ued mumos_humEHuQ_zoﬂna I03 mmﬂuwaw

-

muﬂume‘wo mmocmcnsbm UcmﬂvmuUMWCMAm@uwn Jo umnezz 0T °T9®L

>
o
o
o
1o
(®]
o
a.

i

COPIE- DE QUALITEE INFERIEURE

i




’ determtned as - characterxst1c spec1es (spec1al1sts) of that

) | 88 .

Hymenolepis fausti, was‘se]ected as a characteristic species

of mallards by the Euclidean\distance analysis but mature
ind1viduals were abundant in canvasback Mallards are
~abundant in this region wh1le canvasback are sparse. thus a
primary host for ﬂ; fausti cannot be determined (nor can it

. be considered a characteristic species of mallard). The same

§

4rgum§nt§'hold for two other species, Cotylurus hebraicus, a =
| | i | ) == == o

characteristic species of ruddy accordihg to the Jaccard

analysis but with.mature individuals common in scaup,/andv

chranotaen1a coronula a characterxstlc ‘species of scaup by

“the Eucl1dean analys1s, but with mature 1nd1v1duals common
1n‘mal]ards Pr1mary hosts of these three species cannot be
determtned, they w111 be omytted from some.of the subsequent

| analyses. Invéeherafi cohparison of thevcharacteristic |
parasitedspectes,wtth the prihary hosts and their parasite

‘species agrees with the'daccard analysist'The Euclidean

: anatysts may be more uSefutfin'partjtiontng parastte'species‘f

. w1th1n host groups (1. ,'parasite Species which'may:
echaractertze host 1nd1v1duals collected from one laKe and
‘hot’another) Therefore, I regard those species selected by

the daccard analys1s (with the exceptlons noted above) . and

those specwes for wh1ch single prlmary host spec1es ‘can be

host These spec1es are 1nd1cated in Tables 7 and 8. All of’ ‘
'these spec1es had 1ow B’a (mature) values 1nd1cat1ng

spec1a11zat1on 1n resource use (Table 2).
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’

The characteristic species which occurred in more than
one.duck species were examined for exchange, to other host
species (Fig. 17). Most of the exchange occurred between
divers, or from divers to dabblers, which had well v
estab]?shed characteristic specfes: Very little exchange
occurred betﬁeén7the*dabbler§. The greatest amount ofg
exchange involved .the spread of characteristic species\é?

scaup to other ducks.



Figure 17.

N

Number of helminth species exchanged from
primar§ hosts to other duck species. (%AL -
Mallard, WID - Widgeon, GAD - Gadwall, BWT -

Blue-winged teal, SCA - Scaup, WWS - White-

- winged scoter, RUD - Ruddy, CAN .- Canvasback,

RIN —”Ring;necked duck, BUF .- Bufflehead).

Numbers refer to parasite species from pri-

mary hos% to other duck species.

-
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v | : DISCUSSIDN

| ' Prlce (1980) supported hlS conclus1on that para51tes

‘,\ _;are‘spec1al1sts pr1mar1ly by compar1ng the number of host
thaxa used by paras1tes to the number o? prey 1tems used by '

"vpredators Holmes and gr1cew(1980) conducted a~s1mllar
k»§4analys1s of the range of host taxa used on a llst of

\spara51tes of f1shes of Canada (Margol1s and Arthur, 1979)
: fthey concluded that generallsts are not uncommon Us1ng the\

same analys1s on. my data n1ne of the 75 paras1te specxes

:!found 1n three or more b1rds were found 1n e1ght or more

ln-;fspec1es of hosts, and only 18. were found 1n only one spec1es s‘*rr->

‘7f”ll:l‘d5:'t‘-of host v*.dt,;}Flcgfdfdtﬁzﬁdd{fd ;7Pfﬁdjfﬁ;ff”
However 1t 1s clear that the presence or absence of a SN

Qspec1es 1n a host 1s not a good measure of speC1al1zatlon

; .

cQuant1tat1ve methods ﬁcluster analyses B’a measures)

/

"ﬂ'revealed a w1de range of degrees of spec1al1zat1on aga1n

: spann1ng the complete range from total géneral1sts to those ?,,f
”df concentratlng the1r 1nd1v1duals in only a s1ngle host -
\\\\pec1es The best measure of whether a parasrte spe01es 1s.a
spec1a" s

st general1st 1nVOlves an assessment of 1ts
‘fd-reproduct1ve f1tness across host spec1es (l e _B’a(mature)
.'””ior prlmary host analys1s) Wlthln th}s study, only seven J
paras1te spec1es were host spec1f1c occurrlng and matur1ng
1n only one duck spec1es Seventeen others occurred 1nt'ei
ffiffrgra~’several hosts but ma1nta1ned most of- the1r reproduct1ve‘;ﬁflu’

V"L populat1ons\{h one host (pr1mary host)‘ These spe01al1st

’ }r paras1tes character1zed the para51te commun1t1es in the1r

rd

N e : AL Jo



“host spec1es

Another large group of paraS1tes occurred 1n only one

kh host but occurred SO 1nfrequently (or d1d not mature) that

kvlreferr1ng to these paras1tes as spec1al1sts ‘may. be 'f'

| .m1slead1ng They may be spec1al1sts 1n other hosts not
fexam1ned 1n th1s study Three/para51te spec1es could be
thwdent1f1ed as broad generallsts, and four others as relat1ve )
'general1sts wh1ch ma1nta1n most of thelr reproduct1ve.'wv'

-»potent1al 1n e1ther dabblers or d1Vers Another para51te o

,‘Wspec1es had slgn1f1cant worm populat1ons of mature R

,f,1nd1v1duals in one host spec1es ,w1th sparse b1rd

N
."‘Q'..

"§bpopulatlons,’and occurred 1n e1ght others and 1s cons1dered

dwha broad general1st fn add1t1on, three spec1es had large

Rv{populat1ons of mature 1nd1v1duals 1n two or more unrelated

‘3host spec1es Clearly, the data 1nd1cate cons1derable

| ”fﬁexchange of paras1tes, wh1ch does not supporf Prlce S

:hiconclus1on that paraSItes are spec1al1sts at the host
';?spec1es level, - i 'VL o | h_ ) ; ;‘hﬂi | :
| Two cr1t1cal features of the waterfowl;1ntest1nal
-Fhelm1nth system are 1) paras1tes are 1ngested w1th the foodtfe;

,_1tems of the f1nal host and 2) once 1ngested by a host they fc;f

';i.’fcannot act1vely transfer to another host As a consequence

Q7those paras1tes 1ngested y 3 host other than the pr1mary

?Zhost (common,_swnce most>d1ets of the ducK spec1es overlap)VF

?vaould be selected for,the1r ab1l1ty to mature (1f p0551ble)

"ﬁf;1n these secondary hosts (Holmes,h1976) part1cularly whenft7}_,"

*these hosts are more abundant than the pr1mary host

vQ'_



'*wjhf‘a'vsuggest that it is. more useful to recogn1ze three '

R
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| These patterns of host spec1f1c1ty g1ve rlse to the
"pattern of communlty structure descr1bed by Bush (1980) for”"
" the he1m1nth communlty of scaup ‘He recogn1zed two }
,tcompOnents - a determ1n1st1c component (spec1al1sts 1n scaup'
t‘:éand genera11sts 1n Waterfoul) and a stoch;st1c component of
drare specres (spec1al1sts in other hos%s) The parasatevi
S commun1t1es 1n a]] of the duck specres exam1ned 1n th1s,:
i
study had such a structure w1th a determ1n1st1c component

rang1ng from 1 to 28 paraSWte spec1es However, my analysesh'

. ¢

/

'*ith that host), common paras1tes (re]at1ve genera11sts in L?'
:lwaterfowl plus some commonly occurr1ng character1st1c )
2vspec1es of other hosts? and the stochast1c uncommon

Hﬁfﬂspec1al1sts of other hosts The relat1ve numbers of the

-three components 1nd1cate what hab1tat (above the 1nd1V1duaJ B
*}b1rd) s recogn1zed by the paras1tes Where the proport1on e

'fof characterlstic spec1es 1s h1gh there was relat1ve1y hlgh

fcomponents character1st1c paras1tes (relat1ve spec1a11sts,h jﬂ,j”m‘

'fgs1m11ar1ty between host 1nd1v1duals, and those 1nd1v1duals i[ff,/ o
A

'b”formed re]at1ve]y t1ght s1ngle spec1es clusters 1n both the h/
L : ,/,

'ptcluster analyses Such a pattern was seen 1n f1ve of these
R

i~
7
/

Uh.t;host spec1es ruddy, gadwall b]ue w1nged teal 1scaup and /x“
,,;hscoter In these host specxes the paras1tes app;;P to{;{ i
,;Grecogn1ze the host spec1es as a d1st1nct hab1tat leve] ivt,

the rema1n1ng f1ve ducK spec1es. the propopt10n of RSN

._T; general1sts, or of spec1a11sts for other hosts, was h1gh

There was low 51m11ar1ty between 1nd1v1duals w1th1n each
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s commun1ty structure at the host mult1spec1es populat1on"

95

ducK spec1es, and cluster analyses formed m1xed (related ‘
spectes) clusters of. 1nd1v1duals. 1n some. cases, related to _’h
lake, or year of collect1on In these cases. p%rasxtes may
recogn1ze mult1spec1es populat1ons as. dwst1nct habltats
Three hypotheses have been. proposed for helm1nth

v .

level The phylogenet1c hypothes1s predlcted that helm1nth

"vcommun1t1es 1n duck spec1es should be most s1m1lar between _
phylogent1cally related hosts The d1et hypothes1s pred1ctedn o
-that spec1es w1th s1m1lar food hab1ts should have s1m1lar

B parasrtes The numer1cal dom1nance hypothes1s pred1cted that;"

the most numerous host should\determ1ne the fauna of the_j,"

: other duck spec1es wh1ch I have eXamlned from the standpo1nt'll;-*'“

of spec1es exchange -’fk;_”f“. u",,"T\g“

The spec1fhc pred1ct1ons of the phleQERet1c hypothes1s.f*n

| were 1) the paras1te fauna 1s spec1f1c at the t e level

2) the paras1te fauna should show greater 51m1lar1ty'wl1i‘l~""7

tr1bes rather than between tr1bes, 3) the s1m1lar1ty w1th1nffgfoﬂt;

tr1bes should be related to phylogenet1c aff1n1ty between

"f spec1es, and 4) the Merg1n1 should be more s1m1lar to the

Aythy1n1 than the Anat1n1 and that the 0xyur1nr should be

1east s1m1lar to any other tr1be The f1rst pred1ctlon was. j\l”ﬁ

Tﬂ;_notvsupported the relat1ve general1sts (w1th1n a host

group) were rare The second predlct1on was supported 1n

n";-._ part w1th1n the Anat1n1 th\\h1gh s1m1lar1ty between f\

paras1te commun1t1es 1n w1dgeon and gadwall and w1th1n the"
Aythy1n1 w1th h1gh s1m1lar1ty between paras1te commun1t1es T?;;i
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in canvasback and scaup. However, compar1son of other duck

vspec1es d1d not: support,th1s pred1ct1on and therefore I do

not regard it as. the principal determ1nant of the overal]

'_fpattern of helminth community structure in waterfowl The

"thlrd pred1ct1on was not supported by any'of.the patterns of‘“

v

-51m1lar1ty between commun1t1es Paras1te commun1t1es oﬁ*duck i

.spec1es w1th1h tr1bes d1d not show s1m11ar1ty patterns

o comparable to‘the1r phyTogenet1c relat1onsh1ps The last }{

d\ predlct1on of s1m11ar1ty between tr1bes was supported in-

,part by the paras1te commun1t1es in the Oxyur1n1 (ruddy)

ewh1ch formed a dvst1nct 8roup of 1nd1v1duals of one’ spec1es

.“yIn summary,~the paraSIte commun1t1es were most s1m11ar at

hshould have Targer amd d

jthe host spec1es le<e1 but in most cases,,the patterns of.
\”'s1m1lar1ty were not!determ1ned by the phy]ogenet1c ‘q -

urelat1onsh1ps betwee\ host spec1es

The spe01f1c pre'1ct1ons of the d1et hypothes1s are 'T),f”

7}fduck spec1es consum1ng a h1gh proport1on of an1ma1 matter

re complex paras1te faunas and 2)

'*f spec1es consumtng h1gh p oport1ons of s1m11ar taxonom1c-e
| groups of an1ma1 matter s ou]d have s1m11ar paras1te faunas j}ff
?tThe f1rst predlct1on\wasus pported 1n p%;t by the. Ff .

“'relat1onsh1p of the size (mgan number of 1nd1v1duals) of the:

'tparas1te commun1t1es and the percent an1ma1 matter consumed

: (rho- O 73 ﬁeg& P<O 05) 1n the nine- duck spec1es Those

duck spec1es consum1ng a Tow proportlon of an1ma1 matter had

: few paras1te 1nd1v1duals (smal] s1ze component) those s

-y‘spec1es consum1ng a h1gh proport1on of an1mal matter had



- at a more deta1led level relat1ng to the taxo

d1fferences of the maJor paras1te groups an

f-{the pr1mary breed1ng habltats for dabbler

o 97 ‘..

larger s1zed paras1te commun1tes Complexlty waS‘not

s'correlated wi th percent of an1mal matter c nsumed The -
"second predlctlon was supported only by the s1milar1ty
- between w1dgeon and gadwall. However, the lack of support

“for th1s pred1ct1on may 1ndlcate a need to examlne the data

%om1c<" : .

the type of

1ntermed1ate hosts 1nvolved 1n the1r l1fe ycles

a3,

‘The numer1cal dom1nance hypothes1s i somewhat more _'

/kdiff1cult'to analyze If based on reg1on l populat1on s1zesr“
' @?urner and. Weaver.‘1977) the expectedrpattern of speCIes-

= pxchange should be from mallards. blue w1nged teal and scaup

to other b1rds The analys1s of excha‘ge showed however
Y l{ .

"'gfthat mallards and blue w1nged teal co_tr1buted l1ttle,

, whereas scaup contrlbuted most of the pqras1tes However.

. are ponds-and"'

ysloughs,vnot~lakes The pattern of exchange may be ent1rely
-ﬂf'dlfferent on sloughs For the dlvers, lakes const1tute the"f

_ pr1mary breed1ng hab1tat Census counts 1nd1cated scaup

ranked htgher in abundance than e1ther mallard or

iblue w1nged teal on- 8 of 14 laKes 1n 1977 and 1978 |
'1ntermed1ate between the others on 3 laKes and below both on
.:vonly 3 lakes (Bush 1980) On thls local. populatlon bas1s, |
'the pattern of exchange w1th most of the exchange occurr1ng.h
,among the d1vers, partlcularly from scaup Ao others or from |

: ,if the d1vers (espec1ally scaup) to- the dabblers, agrees w1th

the pred1ct1on of the numerical domlnance hypothe51$ ‘In“a:f”

LG
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o : Y A ‘
specific instance, Hymenolepis AB Was found only in .

~

blue- w1nged teal collected where scoter were ~common.

U.Blue W1nged teal collected from lakes where scoter wece/rare
- or absent did not have thls para51te The exchange of
"spec1es from h1gh complex1ty helm1nth commun1t1es to low
compqex1ty commun1t1es 1s not: surpr1s1ng as in most cases
1he h1gh-complex1ty commun1t1es also had- large s1ze (large./‘
abundances of worms) The'failobe of the specia]ists - 5
.(character1st1d'speé1es) of the dabb]ers (gadwa]] and
’_blue w1nged teal) to colonize the hlgh/COmp1ex1ty he1m1nth
.'!commun1t1es suggests that these latter commun1t1es are
; _saturated ' |
In conclus1on, the he]m1nth commun1t1es of waterfow]
,are organ1zed on a nested or he1rarch1ca1 basis w1th the
,~host 1nd1v1dua] be1ng the - on1y unequ1vocal level of hab]tat”i“
the host spec1es and mult1spec1es populat1ons are also
swrecdgn1zed as d1st1nct 1eve1s of hab1tat - The relat1ve
1nf1uence each 1eve1 has 1n 1nfluenc1ng the paras1te
"acommun1t1es var1es between host spec1es In scaup and -
;*;scoter the paras1te commun1ty is composed pr1mar1]y of a
'fgroup of spec1a11sts (charaoter1st1c spec1es) which
_LrecognIZe the host spec1es as the1r un1t of hab1tat At thebl
'snother end of the scale in w1dgeon and ma]lard the paras1te
l’commun1ty 1s composed of relattve generallsts and | |
f;spec1al1sts from other hosts wh1ch recognlze a mult1spec1es
fpopulat1on, as the1r/Ln1t of hab1tat How these featunes

: affect the organ1zat1on of 1nfracommun1t1es w1ll be exam1ned :

1\‘
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'tand Mettrxck 1970 Sukhdeo and Croll, 1981) TWO speCIes “of

ITI.

STRUCTURE AND ORGANIZATION OF INTESTINAL HELMINTH -
'COMMUNITIES WITHIN INDIVIDUAL BIRDS |

¥

~ INTRODUCTION

Pr1ce s (1980) proposal that paras1te specwes are

speiiallsts was part]ally supported by the m1crohab1tat

. specificity reported for many paraSIte_spec1es,(Crompton,
1973; Holmes, 1973). Four studies, three examining the

~intestinal helminth,¢ommunities in»scabp (Hair and‘Holmes,

1975: Hair,h1975ﬁ Bush;.1980) and one examining intestinal

communities'in mallard (Avery,:1969) have demonsthated'that

4The1m1nth spec1es occupy pred1ctab1e,'restr1cted locat1ons
hw1th1n the 1ntest1ne of waterfowl In contrast to the

restr1cted mwcrohabitat specrf1c1ty eXhibtted by'parasites;

in the above studies, H' diminUta and Trﬁchine]Ta sptha1ts

have both been shown to be capable of occupy1ng most of the o

/~1ntest1ne in rodents (rats and mice respect1ve1y) (Cannon

e A

cestodes (Tetrabothr1us minor and T. Qroceru ) are reported

: to have the potent1al to occupy<most of the'Small intestine

in fulmar (Fulmar glaonalis) (R11ey and Owen 1975)'

However Riley and Owen (1975) have demonstrated that the e

d15tr1but1on of the two spec1es in 1nd1v1dual b1rds very

_rarely 1nvolved the entlre 1ntest1ne and was related to

populat1on size of the spec1es whlch oocup1ed the anterwor-‘

end..Thus,‘the spatlaT d1str1but1on of each paras1te must be

100, o ﬁ; e
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exam1ned spec1f1cal]y in each host: 1nd1v1dua] to determ1ne
the degree of m1crohab1tat spe01f1c1ty

~ Holmes (1973) has proposed that m1crohab1tat
spec1f1c1ty in parasite commun1t1es reflects the 1mportance
of past 1nteract1ons between paras1te species. Commun1ty
structure is 1nterpretated as evwdence for organ1zat10n
between spec1es Drgan1zat1on 1s regarded as the ma1ntenance
of structure by some mechan1sm(s) w1th1n the communwty In ;
contrast Pr1ce (1980) has suggested that parasite
communities are unsaturated exist under nonequ111br1um
~conditions and that the m1cFohab1tat spec1f1c1ty
demonstrated 1n paras1te commun1t1es is not a result of.

‘organ1zat1on between helm1nth spe01es In genera] the
'-1nterpretat1on of commun1ty structure as ev1dence fdr hvr\
organ1zat1on between spec1es has been cha]lenged by the v1ew
that commun1t1es are chance aggregat1ons of 1nd1v1dua1
_spec1es (Caswell, "1976; Conner.and Slmberloff- 1979)

Bush’ (1980) demonstrated that the d1str1but10ns of the
‘he1m1nth spec1es in. the recurrent group ‘were predtctab1e

in the1r sequence of occurrence and that these eXhlblted low
nlche overlap w1th adJacent he1m1nth spec1es along the-
intestine of lesser scaup The ordered sequence suggests g'/’
.e1ther 1nteract1ons between paras1te species or 1ndependent
d1fferent1a1 adaptat1on to 1ocat1ons w1th1n the 1ntest1ne
) In add1t10n to show1ng low nxche over]ap, Bush demonstrated .

- that there was a srgn1f1cant d1fference between the rea11zed

: ,njche»overlap (average over]ap across individual birds) and -
. ) ° ,
I
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the fundamental niche overlap (over lap calculated‘on the

“basis of summed distribution'across,all.birds) of adjacent

'recurrent’ helminth species. He considered - these
s1gn1f1cant dlfferences to 1nd1cate that 1nteract1ons were
important in organizing ‘the spatlal dtstr1but1ons of the

common helm1nth spec1es Bush (1980) also compared the

over lap between the 1nfrequent helmlnth specwes and adJacent
helminth spec1es w1th1n the 1ntest1ne and found the real1zed
'_and fundamental overlaps showed no s1gn1f1cant dlfference |
" He concluded that the two opp051ng views of commun1ty g
3 organ1zat1on (nonznteract1ve and 1nteract1ve) could be

-appl1ed to the two components he recogn1zed 1n the

‘,'1ntest1nal helm1nth commun1t1es, 1nfrequent (stochast1c) and L

1mportance of 1nteract10ns in determ1n1ng commun1ty

‘structure

'-:common or recurrent (determ1n1stxc) paras1te spec1es

Interact1ons appear 1mportant in organ1z1ng the basic .

commun1ty structure prov1ded by the recurrent helm1nth

spec1es but'not 1mportant-for,the 1nfrequent,helm1nth R
specwes in scaup. | A L

Interact1ons can only occur w1th1n the host 1nd1v1dual

However. the 1mportance of 1nteract10ns 1n paras1te
t commun1ty structure 1s a funct1on of how frequent such

= 1nteractlons may be jHolmes and Pr1ce, 1980) and can only

be assessed by exam1n1ng para§1te commun1t1es in several

' host 1nd1v1duals The 1ntest1nal helm1nth commun1ty 1n

‘waterfowl TS an excellent system in 'which to study the

'

/ .
f“

7
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The intestinal tract in waterfowl‘consists of the small:
intestine, the large intestine and two caeca. In the small
‘intestine changes in chemfca] constituents, such as amino
’acids, carbohydrates and proteins, and changes ih ihe
physical substrate, such as changes in the mucosal.,
morphology and dehsity‘of villi, are correlated with
pos1t1on along the 1ntest1ne (Crompton and Nesheim, 1968).

\
small intestine but tends to be more homogen

‘ The large 1ntest1ne is s1mi]ar 1n structure &o the distal
Lus in b
“-morpholcgy and function® (water absorptioh) (Ziswiler and
,Farner.i972).The comb ined small and large intestines
therefore represent a single‘compléx resource gradient or
ax1s along which he1m1nth specues can locate (Hair, 1975;
Bush 1980) The caeca also vary in phys1ca1 and chem1ca1
‘character1st1cs along their length but represent a second
and‘]argely independent grad1en{ or resource axis (Calhpun,
©y954). - o
| The first sect1on of this study demonstrated. three
J components w1th1n the 1ntest1na1 helminth commun1t1es in the'
10 species of waterfowl host genera11sts, ch racter1st1c
helm1nth épec1es and helminth specwes wh1ch are spec1a]1sts
w1th1n other hoetS\ The first two make up Bush’s |
;ideterm1n1st1c component In th1s sect1on I w111 compare the
| }d1str1but1on of tﬁe helm1nth spec1es a]ong the length of thee
. 1ntest1ne w1th1n i d1v1dual b1rds of each o .the duck

spec1e§’ 1 Jntend o exam1ne the Jmportance of the

‘interactive and no interactive views of community structure
i o \
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to the first two components of the different parasite

communities.
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o the large 1ntest1ne and I have equated the large 1ntest1neff;*rl

,"‘. Y

, Analytlcal Methods f3: l1' L }w>ﬁ f';

‘“= expressed as percent of small 1ntest1ne length

METHODS

For f1eld and laboratory methods see Chapter II R

.t

Four parameters were used to measure helm1n1h spec1es

d1str1but1on along the 1ntest1nes locat1on (sect1on number)ﬁ'

of the med1an 1nd1v1dual 1n each helm1nth spec1es populat1on;i,uffhvw

(med1an locat1on) anter1or locat1on, poster1or locat1on and_ o

L e kK

'”i.range of each helm1nth spec1es Ihe m1n1mum range a helm1ntht'f““

3 v <

"71'spec1es occupled was one sect1on,vor 5% of the small

intestlne Some helm1nths extended thewr dlstr1but1on 1nto

B

to a 5% sect10n of the small 1ntest1ne maK1ng the total

length of the 1ntest1pal ax1s FOS% All locatlons are th;,.g

:ff Because the caeca represent a d1st1nctly d1fferent
m1crohab1tat helm1nth spec1es occupy1ng th1s reg1on were

not 1ncluded 1n the analyses of l1near dlstr1butlons

o

| Helm1nth spec1es occurr1ng in thls reg1on were~s1mply

recorded as occupy1ng the caeca f71:ff.t“' »”@_h:” ;,‘,;_,

The distrlbutlonal measures were averaged across all

R *‘2‘;

“f b1rds 1nfected for each paras1te spec1es 1n each duck ]if"

‘ paras1te spec1es, compar1son of varlances around mean

. specxes W1th1n each ducK spec1es only those para51te~ PR
spec1es wh1ch occurred 1n three or. more host 1nd1v1duals

: w1ll be compared Because sample s1zes were small for\some‘;j.;t“

% s'v-:‘g‘ .

: values such as those for the medlan p01nts (see belowl are

not comparable between ducK spec1es Iherefore, var1at10n;1n~

IR
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A{these measures Was compared us1ng the range of- values or the_ﬁgyl

-h_average d1fference (1n % of gut) between the 1nd1v1dual
: 'llvalues and ‘their mean Relat1onsh1ps between populat1on,-‘
“Q,s1zes and d1str1butlonal measures were analyzed w1th |

"Spearman s rank correlat1on All analyses were done us1ng

) ».//,.

.‘;Ksprograms 1n APL | .
o Agreement in. the sequent1al d1str1but1on of. med1an’

‘fypos1t1ons along the 1ntest1ne wasatested us1n§-$pearman sh'

”v:rahK correlatton//For each palr of 1nd1v1dual b1rds,'ranks ‘[ﬁ :

B ere ass1gned only to those paras1te spec1es occurr1ng 1n

i eyﬁfhxfffiboth b1rds¥'The number of pa1rs show1ng s1gn1f1cant

h} correlat1ohs, and the mean rho values.,were calculated tfhe;i,

'-..,,-.

L

”ljtest of concordance (Pwelou,_1977), usually appl1ed to suchf-ff-f"

’ Harf:data ‘was 1nappropr1ate because of d1fferences 1n helm1nth

"I:t;spec1es comp051t1on between 1nd1vldpal blPds ) | | n t.
e Lpeterm1nat1on of the paftern of - dlstrlbut1on of medlanﬁ

‘hﬁ locat1ons of helmtnth spec1es w1th1n the 1ntest1nes of L
l“1nd1v1dual b1rds was examlned us1ng a model der1ved by | f'h}"
dthelou and Routledge (1976) The model calculates the i
:“hprobab141ty of f1nd1ng a specafled number of medlan ;
"}fpos1t1ons w1th1n a f1xed number of sect1ons Thxs value is. f;ff
,ifcompared to the number of sect1dns occuo}ed by the med1an

___spo1nts at a SOA probablllty level The model was app],ed to ?ff

“771nd1v1dual blPdS w1th flve or more helmlnth spec1es A s1gn e

| ‘}test was used to comgare the number oﬁ b1rds 1n wh1ch the'“”

%

N . o

T edlan locat1ons were found 1n fewer versus more sectlons L

“-5L}than the calculated value (P1elou and Routledge._1976) If a

o~ A
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:s1gn1f1cantly large excess oF values fall below the = (

'1calculated value the overall d1str1but1ons were cons1deredff‘;“

‘jto be clustered 1f a s1gn1f1cant excess of values were

- model 1s b1ased in. favour of a clustered pattern

'above the calculated value. the overall d1str1but1ons were‘iv

!lh con51dered to be regular For small numbers of spec1es thehfifi:f’

|
'\,

T:\ Percent s1m1lar1ty (equat1on 1 of Hurlbert 1978) was f S

: ”»used to calculate overlap between the ranges of pa1rs of

OGS

*}paras1te spec1es Th1s measure calculates the proport1on of

.iT“the 1nd1v1duals of two spe01es wh1ch have 1dent1cal

‘ffd1str1but1ons @verlap was calculated for each spec1es pawr{%”

;1n 1nd1v1dual b1rds Average overlap was calculated for each

\ '3‘“1..:~ L
pa1r°of paras1te spec1es Summed overlap values were o :

”o,calculated by add1ng the d1str1but1ons of paraswte spec1es ,i\'ff

ltffacross all 1nd1v1duals of one host spec1es Percent

fSﬂm1lar1ty was then calculated for all pa1rs of paras1te
ﬂ:;spec1es w1th1n th1s matr1x of of summed dlstr1but1ons AY’V*
B o test was used to compare dlfferences between summed and t

*average overlap values _{



'*1'measured by the average d1fference from that mean was:
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“cL1near D1str1but1ons

o

Data on the Itnear d1str1but10ns of helmwnth spec1es‘,' £’

Twh1ch occurred in 3 or more b1rds are. gtven 1n Tab]es 11 tov

e

20 The var1ab111ty around the mean of the med1an p01nts, as

genera]ly less than 10% There was no dlfference 1n th1s.f’f

;@»measure between the frequent spec1es (those occurr1ng 1n

]ftover ha]f of the 1nd1v1dual blrds of one duck spe01es) and.dé‘b

"Tdt@those enoountered less frequent]y (Tab]e 21) In add1t1onxigf”

T~nxfor most heTm1nth spectes, the nedtan Tocat1on for an

"T1nfrapopu1at1on was 1ndependent of the number of worms tn ;?]vﬁ{f‘

J '»Tthat 1nfrapopu1at10n (stgn1f1cant rho vaTues are 1ndtcatedr ff”-’

v'"1n Tables 11 20) There were on]y three except1ons thej

' .j'med1an pos1t1on of Hymenolegjs ;p1n001rrosa in scaup and H

e jwww 1n gadwall were negat1vely correTated w1th total number - B
”f[of worms t%;e;; med1an po1nts were further anter1or.in"\k
[ A | . 43_9 H : .

Tﬂgtarger 1nfrapopulat1ons) and the medtan pos1t1on of

'jCorynosoma constr1ctum 1n blue w1nged tea] was pos1t1ve1y

u';7correaated w1th total numbers of. worms (1 € ; med1an po1nts o

'5jwere further postertor 1n Targer 1nfrapopulattons) These::f BTN
e ba51c patterns of re]atlvely constant med1an po1nts,_h_f s ¥

w’;:1wdependent of - 1nfrapopu1at1°§ s1ze.'1nd1cate that the.'fVef'n

r;med1an pos1t1on is a good measure of the s1te occup1ed
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Table 21. .Variation around the mean median location of frequent and

infrequent helminth species.

¢
Avefage D:iffe‘r'ence’f Ffequené-Speéies**
0-4 - | 17 i
5-9 g | -3
| 10-14 P
1530; mofé ' ' : 3 . ) =

»Chi squafe =74582; 3 d.£.; N.S.

>

22
19
11

6

B
e

Infrequent Species

=131

“\

kK%

* Average difference %rom'mean‘median location (percent of iﬁtestiné)‘v
%% Frequent species - represented in greater than 50% of the individual
, oy ) A he

‘birds infected. = - D

_*%* Infrequent species -~ represented in less than or equa

' individual-birﬁds infected. (From Tables 11-20)

’ ..1 LT . | !J - . o V‘_.

/__‘,,—\_/ \‘\

1 to 50% of the"

[5]



occurrence. Mean correlation coeff1cents were all greater

was whether th”

¢1ndependent1y, were distinctly non- random

132
b
In 47 of 48 comparisons between pairs of birds which
had five or more similar helminth species there was a

significant pos1t1ve rank correlatiaon in order of

7
A

" than 0.75 ([ab]e 22). Sample sizes were large enough to

allow simiiar‘analyses of the sequential distribution of the
characteristic helminth sbecies in scaup and scoter. The ’
order of thesemspecies also’showed‘signifﬁcant positive
correlations (scoter mean Rho=0.89, scaup mean rho=0.88) .

Thus. the.seqUence of occurrence along the@ihtestine is

predictable‘for the frequent and characteristic helminth-

species ‘ ﬁ“% ‘ o ) °

¥an locations of the paras1te spec1es

were positioned atong the gut in a clustered ‘regular or
tgrandqm pattern.,P1elou and Routledge (1876) deVelobed a

;’q model which. they used to test the randomness of the

1ocat1ons of upslope and downs lope. boundaries of sad t marsh

grasses on a transect along an 1ntert1dal gnad1ent Th1s-

model_weSRapplled to ‘the medlan pos1t1on of the parasite
ﬁspec1es w1th1n an 1nd1v1dua1 bird, us1ng sections as
analogues of quadrats along a transect. The data (Tab]e 23)

~indicated that ové}afi dfstributions, and those in five of

six duck species with large-enoughvsample sizes to test

A,...o-
N
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~“Table 23.° Comparlson of the distribution of medlan p051t10ns of EERNE e ;;>

helm;nths 1n ten duck spec1es.

Species .ognow NV _Glustered o Regular . °“Sign Test ~

" widgeon
Gédﬂélibi',‘.fT737»,”2'77';-7._?"; “,if ’W-jf:f e f;;q_é;a!:“'
'thé—néckédlauékv" -“ 2?>,;'  |  ¥' f i :?;.7v’ },V2 £,:i;.7 -.‘n;afjl '

  Ruddy t:_;v ; f;}zf_fv5if'["; 1:)_v iu;: i“”? ‘  5’?7 !‘-;;. 1éié;vt;

Camvasback - . 6 1 s inie f o

VBlué—wiﬁgéthéélj 6o et sign

' ;ff Mallard . ; (;;: 1o;w‘ _; .&;71 -v ' RETR I [ S il;"jjgéié-“

S £

V,Lesser scaup "vf“f715fa SR TR 15 . ' :f sig;g_ f”

White¥winged'sc8ﬁef. 13 3 “‘_'v  ":.v:A ‘ 13; ;;‘,  -Q'Sigb

P
P

* Number of blrds with dlstrlbutlons detectable from random R N
** n.a. = sample size tpo small to use 31gn test, .8, = not’ Slgnlflcant
sicg ? s1gnif1cant (P<o 05) i B R . »
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ibutions more regular -

'w1th a marked preponderance ‘H”;'”
' ””,1e by chance |
The anter10r and poster1or ends of,the“distributjonxOf

most paras1te spec1es were more variable than thé’median‘ ER

, ,pos1t1on (Te bles 11 to 20) fhe_anter1or and poster1or ends_}

'ﬁﬁ('were compared to the populat1on s1zes (Spearman s rank

gcorre1at1on) of each paras1te spec1es whlch 1nfected f1ve or
o ,

::more 1nd1v1dua1 b1rds of one ducK spe01es Most paras1te

”~f-(yspec1es showed no corre]at1on w1th populat1on s1ze In those -

. pread1ng of the end po1nts (i.ex Apatemon qrac1l1s 1n

“that d1d three patterns were d1st1ngulshed 1) equ1latera] ;f‘

:‘mallard and scaup, Hymeno]epas abort1va in scaup,

:_hEch1nocoty1e rosseter1 1n blue w1nged teal) 2) anterior"‘
'ah:posnt]on;extended anter1or1y (8 cases) ~and 3) posterior
v pgsitipn:extended poster1or1y (16 cases) | |

:Thejaverage range of the maJor1ty of he1m1nth spec1es "i;?ﬁﬁfﬁ

was (ess_ﬁhan 1/3 of the small intestine (F1g 18) E1ght
lateﬁsthan 50% of the small

gparasite’spec1es had ranges gr

‘”2;ﬁntest1ne (e g Hymenolep1s AB 1n scoter and b]ue w1nged

'teal) In- a]] cases they were- among the most abundant ”;('_ ;5'*,

(paras1tes 1n the1r respect1ve hosts Compar1son of the meang

ranges of the ten most abundant spec1es to ten of the ]eastf“ — ;:7

(;;abﬁhdant 5pec1es (mean no. of 1nd1v1duals <30 chosen at

'/*‘ta

zrgpdom) 1nd1cated a s1gn1f1cant d1fference (Mann Wh1tney -
w'U-test)< In add1t1on, there was a s1gn1f1cant pos1t1ve ranK,j

"'correPat1on of the mean numbers of d1v1duals and mean ;‘ g

- range for three of the host ge@ﬁgallsts (Apatemon qrac1l1s,lt':%”(
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18 ok Thé'.diAsv_E“r"i"bLiti‘ofi*:"é)f:_' the ‘mean féné‘;e,sjfdf E

seventy-five (“7'5,_)’-_‘,h‘e,lminth-' taxa across ten

. duck species. oo g
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F1mbr1ar1a fa501olar1s (rho- 68) Corynosoma constr1ctumv,'

of e
-

(PhO‘ 89))

‘ W1th1n 1nd1v1dua1 blrds,‘ranges of several helm1nth,
spec1es were pos1t1ve1y correlated w1th the1r respect1ve_
populat1on s1zes (Tables 11 20) Most of the pos1t1ve '_“

corre}ations of range with populat1on size occurred in

\

may be more prevafent than demonstrated by th1s study
\

'y

Compar1son of the dlstr1but1ona1 measures of the

helmlnth specwes con51dered to ‘be host genera11sts 1nd1cated o

that most of these spec1es occup1ed 51m1lar pos1txons 1n ‘the

42

to its- locat1on in. the other ducK spec1es }i_ _"‘_ ,_.*H"'

In the prev1ous chapter exam1nat1on of the exchange of
helmlnth spec1es 1nd1cated that several of the | | |

character1st1c he1m1nth spec1es occurred in more than one

host Most of these spec1es occup1ed s1m11ar port1ons of the' ]

1ntest1ne 1n d1fferent hosts (F1gs 21 to 25) However i

exceptlons d1d occur, Hymeno]ep1s AB was a character1st1c }

. / o B

spec1es of scotep in &h1ch 1t occupled most of the.

1ntest1ne w1th 1ts med1an pos1t10n 1n the poster1or

port1on However. in mal]ards, blue- w1nged teal gadwal] and*i

"intestinei In one scote; its pos1t1on was in the anterlor

end (med1an locat1on 10%)_ s1mt}ar-to;thatv1n bluefw1nged

139

b ma]‘ard b‘“e winged teal ‘ScaUD and 'scoter, the spec1es,]ﬁz*‘”T'

w1th the 1arger samp]e s1zes Th1s suggests the phenomenon e

| d1fferent ducK spec1es (F1gs 19 and 20) The only except1on;f

‘ was A grac111s, in scoter 1ts med1an locat1on was’ posterlor,

»\ruddymitsjnedian.pOStf - was 1n the anter1or portton of the ~f'
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.»Linear,distributions of four host generalists
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“,Figﬁre 20.  Linear distributions'ofvEchinoparyphiﬁm'

\

, S - . S
,Fidure’18'fo;‘explanation of'distributions),

recurvatum across nine duck species. (See .
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Figure 21. Linear distributions of the characteristic
species of Ring=necked duck across duck ’ - .

fspecies. - (See.Figure 18 fof’éxplahétion of

..~ . -distributions) (duck’codés és_iﬁTFigu:g[17).
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FigufeﬂZé;- Llnear dlstrlbutlons of the characterlstlc

=

Jspec1es of adwall across duck spec1es.' ¢” £

. . . . y A | . . : . " .
. . . . T PANEN oo ‘ : o ;
[ o Lo . . A e . . a
[ Lo D . t [N v
v

e

//.v - . 3’.7~ ‘ e

Q(See Flgure 18 for explanataon of - dlstrl—f; P

butlons) (éuék’codes as 1n Flgure 17L.
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23. <Linear distributions of characteristic species

of Canﬁasbagk a¢ross]du¢k‘species.1f(séé’"
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fFiguré“25,_ Linéarfdiétribution of_aQChéraqtéristic hel- . .

‘minth species of White-winged scoter across

. host species. . (See Figure 18 for further de-

R L

ST e ST e

tails andieXpli:;fioh;of thg.distribﬁtion).v; :
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w,Organlzat1on and Ma1ntenance of Infracommun1ty Structure

“In the precedlng paragraphsi I have equated resource
.use to, and measured it by,}spat1al dtstr1but1on along*the
1ntest1ne Unused: resources therefore are represented by
unoccup1ed sect1ons w1th1n the 1ntest1ne Compar1son of thev
_number of unoccup1ed sect1ons 1nd1cated w1dgeon had the .
largest mean number of empty secttons (13) and scoter the
'least (O) (Table 24) . These are the two duck spec1es with
’f,the lowest and h1ghest mean number . of spec1es and T

1nd1v1duals The number of unoccupted sections was

"s1gn1f1cantly correlated w1th the\mean number of 1nd1v1duals.i o

‘;(rho- 603) but not correlated w1th mean number of species.
. 'Bush- (1980) examvned the potent1al for 1nteract10ns.A
between helm1nth spec1es 1n the 1nfracommun1t1es of lesser

scaup on the bas1s of their spat1al ut1l1zat1on patterns

N

a‘l;'Average dlstr1but1ons‘here calculated across

: 1nfracommun1t1es for each helm1nth spec1es as "the best-

_measure of real1zed nlche 5 d1str1but1ons summed across ;
1nfracommun1t1es were equated to the best ava1lable measure

'of fundamental ‘niche (1n the absence of experlmental .
ev1dence) Percent 51m1lar1ty was. used as a measure of p

' overlap between helm1nth spe01es S1gn1f1cant reductlons 1n‘ '

average overlap from summed overlap was 1nterpreted as

‘ev1dence of .interaction.

Because f1fteen of the s1xtee scaup were part of the =
: ,analyses done by Bush (1980) and the analyses of nlche _"

' overlap are.themsame, I w1ll only do the analyses on the

e g ;
i
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. \\ ..
Table 24. - Mean number,of.dnbctupiéd sections in each species of duck.

)

SpécieS' : ,‘ _ S NS

‘,Widgéonk ?  - ,: | ’”. ,IAij'j
.Gadwailu o :1. i “:;éij.l
‘ﬁingAheéked duck  ,_" B 5iﬁi7 o - “V\
Mallard 4 546.3 . :
ﬂBuffleheéd'; e 543.3
Blue-winged teélv '-‘  I .;qtsgq'

\ Canvasback .= - 241.7 .,

Ruddy . 1+1.3 .
Lesser scaup - ':; v L :Ltl.o R
i o IS ]

o a ‘White—winge&jscotef' - : 0+0.0

* NS = Number of unoccupiediseq;ion(s)
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n1ne other host species were compared to the patterns found
by Bush (1980).

In_the prevjoustchapter‘three componentslwere'f"
,identified in_theihelm?hth communi ties of the”ten species: of
waterfowl: 1) charactertstic spectes;_Z)'common species “
(generajist species plus commonly-occurrjng‘specialists.from

~ other hosts) and'3)'the stOChastic element of-infrequently“7

.occurr1ng spec1a1lsts from other hosts These data were also K

exam1ned for ev1dence of 1nteract1ons (average over]ap

: s1gn1f1cant1y less than summed over]ap) both w1th1n and

, between‘the_f1rst two components W1dgeon had only one
species'Which'occurred frequently (P. contortus), so no
| overlap values couﬁd'bé determined*'Two duchspeciesta .
mallard and bufflehead d1d not have. any character1st1c
'spec1es, therefore 1nteract1ons between th1s component and
others could not be exam1ned In scoter, three 1mmature

’cestodes were’ frequent and two of these co- occurred w1th ”

'Tadu1t paraSTtes wh1ch may have been the same spec1es These *

.were cons1dered separately Three spec1es. Cotvlurus

hebra1cus, Hymenolep1s faust1 and D1cranotaen1a coronu]a,

for thCh pr1mary hosts could not be determ1ned were not

1nc1uded

- Six of 21 compar1sons between. pa1rs of character1st1c

\

spec1es “had average overlap values of less than one percent :

| (Figs. 26 to 32) I cons1der average over]ap of 1ess than
one percent to be too smal} for detect1on of potent1a1

1nteract1ons between pairs of spec1es.



o

i
~ Figure 26.  Average:bver1ap'values.(Percent‘Similarity)

~ between ‘the common helminth species.of

 Mallard.. (** indicates P.<0.01).
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re 27. Average overlap values (Percent Similarity)
¥ between common helminth species and character-

) istic helminth species of Ring-necked duck..
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.Figure 31.

i

'Average overlap vaiues (Percent Slmllarlty)

between the'common helmlnth spec1es and the
characterlstlc helmlnth spec1es oi Canvasback
(Characterlstlc spec1es are underlined;

x P <0.05, ** P <0.01).
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f‘i—gurev 32. Average ov_er‘ivap' values (Percent Similari’ty) ' U =
.',betwe'en the common helminth species .a'n'd” thé
o  characteristic »h'elmin.'thb ~sl.3eciesl of Whi’ﬁe— L
’ . . {.
,Winged scoter. (Charaé‘terisﬁic species are )
) uﬁ{d’e‘r,lined‘,;: * P<0.05, ** P<0.0) . g

i
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Only five of the remaining 15 comparisons between
characteristic species had significantly reduced avarage
overlaps. Four of these occurred in scoter w1th the h1ghest
number of character1st1c spe01es (6). The remaining pa1r of
charactertst1c species with s1gn1f1cantly reduced average
over lap occurred in gadwall In a comparison of the
potentlal 1nteractlons between character1st1c spec1es and
the second component (common species), 21 of 90'pa1rs had
-average overlap values of less than one percent Thirty-five
of the rematntng average overlap values were; s1gn1f1cantly

‘reduced from the summed overlap values. Fewer interactions

/ -

'_occurred betweeen the character1st1c Speetes than between
these paras1te spec1es and those of the second component *\
_However, this d1fference was. not s1gn1f1cant (Chi-square= .
1.27 , d.f.=1). The lack of d1fference may be due to sample \
'size lhe number of s1gn1f1cantly reduced average overlap )
“values greater than one percent a d over lap values not \ l R
~significantly reduced’between\}hQDOther common spec1es wereﬂt"
-~ similar (48 and51,-re$pectivel$) Analys1s combining these

t values and the valueshbetween‘éharacter1sttc specxes and_,
other spec1es and compar1ng them to values between the
character1st1c spec1es also- showed .No s1gn1f1cant ‘difference.
in ‘the proportlon of 1nteract1 ns between groups

r ‘ P e e
~(Ch1-square-‘ 5, d.f. =2). \, | ‘ _ S e

The average overlap betweed\characterasggc”'"'

s1gn1ftcantly less than the overlap 1n all @tne

(Ch1-square- 28 3, d.f. =2). In contrast, the Mean "ah9§slo¥fj1;£‘?"



' characterlstlc Spe01es had smaller average overlf”

A

- N VK

the characteristic species were significantly greater than

‘the mean ranges of the other species (Chi-square= 4.26,

d.f.=2). Thus\ desp1te having larger ranges the , 7%%%

In the previous sect1on the median locat1on of Hy:

AB occurred in a more posterlor location in scotw

to its position in mallard gadwall and blue-wfnged teal .

(Fig. 26). Thls spec1es had s1gn1f1cantly redﬁe@d average
overlap values w1th two of the six character1stféﬂsﬁec:;s 1n' '

scoter, one with its median location anterior to ﬂymenolep1s ‘

- AB and one posté@1or The host generalist Apatemon grac1l1s

also occurred more. poster1orly in scoter compared to 1ts

;‘locat1on in other host species (F1g 19). Th1s spec1es had

s1gn1f1cantly reduced overlap values with three
character1st1c spec1es of scoter two o}'which‘had medjan
locat1ons anter1or to” A grac1l1 (F1g 32) Thus,'the

ev1dence suggests that the dharacter1stlc spec1es 1n scoter

@

‘ 1nfluenced the d1str1but10n of some of the other species and

interacted among themselves._W1th1n scoter»an 1mmature

taXon;‘Abort?,‘opourred with4Hymenolepis‘abortiva

(charaoteristlc species of scaupl,\with which it had .
morpholog1cal 51m1lar1t1es, the average overlap value
between these two taxa’ was s1gn1f1cantly reduced This
suggests that the immature 1nd1v1duals are belng forced" to |

-

o bf their: m1crohab1tat ' v\’

Compartson of the number of 1nteract1ons between

i
\

paraslte spec1es in the dlfferent host spec1es 1ndlcated

\v “ . B o ' v - . ’ ! K
‘\ P . o - . . M . . .

e -



" (Chi- square- 0.13, 0. 42, d. f =1). Compar1son of the amount o ;;‘; 3

\'30% of the small 1ntest1ne but e1ght had mean raéges\of

-'_almost the ent1re 1ntest1ne These features 1nd1cate that f
' J

S within 1nd1v1éuaﬂ b1rds, most of these paras1tes were

1)
<,

[
3

f‘m1crohab1tat Spec1ftc1ty appeared to-beta funct1on of o BREEE ot
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>

'gthat the proportlon of 1nteract10ns in duck spectes w1th low
size and complex1ty (mallard gadwal1 r1ng necked duck ; .
'bufflehead blue- wunged teal ruddy) and duck species with

,htgher size and complex1ty (canvasback scoter) were similar

- of average over lap (<10%, 10-20% >20%) however, indicated -

'there Was sxgntflcantly more overlap between parasvte

spec1es in scoter and canvasback than the other duck spec1es

(Ch1-sguare 6.6, d.f. =2)

DISCUSSION

o . N ;f | ’f-_'5“ B e
Price’s (1980) condlusion that parasite'species are
spec1a11sts 1n resource explo1tat1®n was’ anpart based,upon o

ev1dence in the l1terature of m1crohab1ta -spec1f1c1ty shown~‘

, by severa] paras1te species. W1th1n th1s study, most fh ‘ .
“paras1te speC1es in the 1ntest1ne showed Hlttle varxa?111ty o |
J in the1r medtan locattons, either’ w1th1nlor between T v'ni‘f

d1fferent host spec1es In add1t1on. the med1an 1oca4ton d1d | | \\\
,not change w1th 1ncreastng populat#on stze..althoug range i (
"occupled often d1dn Most taxa had mean ranges of less than fi/"Vi !

greater than 50% and even more had max1mum ran es spann1ng

’ f N

v'm1crohab1tat Spec1a11sts, but that some,,for wh1ch STy

:-prulatlon s1ze, were at least potentlally m1crohab1tat

LR Ve . |

N o™ R . . . . -
ke Lo N . L . .
c . . B

—t B t . T P . oo



ST . . e L
o ";:\\\‘ : . :;” " K
I N I
[P foas
_ t;ﬂ;vgenera11sts | | | §u _
| _$§;‘ The predQctable and restr1cted Toca ions occupled by _
\% "most\he1m1nth spec1es w1th1n the 1ntest1ne,_$he pred1ctab1etd
"\;ft\\\.'sequence of thos; locat1ons, and the1r reguTa' d1str1but1on
\\ along the 1ntest1n "Tl tmp]y that the 1nfracomm‘n1t1es are :

\ tructured\\jhe factTthat mé81an po1nts are more r"
. S\
\ dws r1buted than exped¢ed by chance strong]y suggests\ihat

"“s\aﬁ 1‘ the ~M<V 3;
5 L fpfo;”b_{'

h T 1ndependent adaptat1on to\d1fferent locat1ons w1th1n the

teract1ve mechanldm s 1nvolved and argues aga1

e
suggested by Pr1ce (1980)

S .

th}stochast1c =

u:onent was non1nten§ctrye Samp]e s1zes W1th1n f"_ﬁﬁﬁ»*

f the\stochast1c

“”fth?s study ppeC] ded\E§am1natlon

N : s

component However‘ the‘humber of ducks exam1ned aTTowed me

' to separate the deter

g \ v L
occurr1ng spec1es The charactertst1c spec1es were the host

spec1%]?sts, wh1ch presumabTyhhave co occurred w1th each
w

_Tb X do_ other regu]arly, and which

1d be- expec\ted to""show the
\ - 2 .

1981) The other Treqdently occurr1ngt

-‘a]TStg\\Q other 3 | \

genera11sts and spe91es%wh1ch were sp#

hosts Although these ‘sgecies may co- dccurred frehuently, AR
g :

T A
‘,h the1r maJor populat1ons were more w1de1y d1str1buted (and

i y \
'j/ subJect to more var ed select1on presSures) or were 1n\other(

i . *f - \\ Lo 3 i . g B o N . : i a
R : TYIV‘ 'T-}”F'V. _‘*.l*“' »,vW‘~1y“\“‘-’
Y . C o ERREIRE AR SN B PRI RN
L 5 v L
| 4 X -

Lo

two parts, the charactemjst1c spec1e§ and,other frequently ;S_s,y;‘f



gcompleXTty and 1arge numbers of 1nd1v1dua1s

d",icharacter1st1c spec1es may 1nd1cate that these

f{ % sect1ons of the 1ntest1ne, w1th empty space separat1ng

n

b
hosts, where iify were subJeot\to evolut1onary_pressures

\

from: other groups of paras1tes It\1s not supr1s1ng%>

'therefore that there was s1gn3f1oant1y less overlap between“_,

&

'““tthe character1st1c spec1es (desp1te thenr 1arge average
i:ﬁranges w1th1n the 1ntest1ne) A]though these spec1es had

lvffproport1onakﬁy fewer 1nteract1ons, the d1fference was not

’*bhfs1gn1f1cant\ahdxneeds to be exam1ned w1th 1arger samp]eigw'
'ffrs1zes HoweVer,'the smaller amount of overlap desp1te larger;sf\
ranges 1s affeature expected\from a group of coevolved

‘ ‘spec1a11sts

In scoter '1n wh1ch the paras1te commun1t1es had h1gh

he ymber of

v tfmInteract1ons between the character1stjc specwes (4) was

/r"f . e \ - :

’irf_h1gher than 1n the other duck sbecxes (1); In scaup,,Bush
r'iti(1980) noted that most of the frequent spec1es, 1nclud1ng

‘3:vthe eﬁght charaoter1st1c spec1es 1dent1f1ed 1n th1s study,.t.f

=

"57;showed s1gn1f1cant]y reduced average overlap values 'Thepf

' iaTncreased number of a geract1ons w1th 1ncreas1ng number of oy e

_m1nfracommun1t1es are saturated However scoter have a much

rb.larger 1ntest1ne both in length and rad‘wsfﬁﬁ

) ﬂObservat1on) than the other ducK spec1es At least two of WL

’the over]app1ng character1st1c spec1es 1n scoter were_fgfuw

'L»-\

' observed to form 1rregu1ab aggregat1ons,~w1th1n 1nd1v1dua1

&

‘*groups of 1nd1v1dua1s and co- occurr1ng helm1nth spec1es

lff;Th1s pattern was not observed 1n scaup, in whloh paras1tesf tht,tf7b“’

. PRty B I . . B RO . SRR T R R : . L v



vt

‘tended to be un1formly d1str1buted around and along the

,1ntest1ne .

The duck spec1es w1th few paras1te species and

1nd1v1duals had many unoccup1ed sectmons, 1n these

:fSItuat10nS the aggregat1ons of 1nd1v1dual paras1te may have

;populanons \(Rohde, 1979) ST e

,;explanat1ons can be app11ed to the helm1nth commun1t1es lnt

been: a result of select1on pressures to mate 1h sparse wde

i

S s H

©

In conclus1on, both 1nteract\ye and non1nteract1ve

i

’rof paras1te coex1stence 1nvolve predom1nant1y non1nteract1ve

"”che occupat1on 1s not supported by thws study

3

'~v%1nteract10ns between spec1es were not uncommon and for at

G

aavﬂymenolenhs AB) the d1fferent pos1t1on they occupted (as{

'f.compared to the1r pos1t1on 1n other hosts) appeared to be a’

ihw1th1n the same reg1on of the 1ntest1ne

:J‘ .
:t‘ o

w~

: - L . I',“
C \ : N

“P%.

[

”1fud1rect response to 1nteract1ons w1th character1st1c spec1es

waterfowl However, Pr1ce s, (1980) statement that most cases -

-, \ .
=least two/spec1es\1n wh1te w1nged scoter (‘patemon qrac111s,'
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ORGANIZATION OF INTESTINAL HELMINTH COMMUNITIES lN WATERFOWL.

AALONG TWD RESOURCE AXES
‘&
'General1st and Spec1al1st Spec1es on Two Resource Axes
In the previous two chapters I exam1ned the resource'
'”fuse of helm1nth paras1tes along two nested\resource axes

\

'host spec1es and the m1crohab1tats w1th1n the 1ntest1ne

iv‘Resource use ‘across host spec1es was measured by the n1che :

;rbreadth of mature 1nd1v1dua?s (B' (mature)). Resource use
;w1th1n the 1ntest1ne was determ1ned by mean range occup1ed
’tﬂ;w1th1n 1nfracommun1t1es The analys1s demonstrated that onﬂ

th~each ax1s paras1te spec1es -may . fall anywhere along a-

: _cont1nuum from extreme spec1allst/to extreme genera11st

"A‘Obv1ous1y generallst and specwal1st are relat1ve terms

However descr1b1ng a spec1es as a spec1a11st or genera11st‘

~~only applles to ‘one resource ax1s,..

Because spec1allst and genera11st are relat1ve terms

Atalong a cont1nuum 1t 1s d1ff1cult to ass1gn a cr1t1ca1 value‘g
Att-to separate one group from another The s1mplest method 1s:>
';;Ato compare the extremes of the cont1nuum For th1s purpose t
r"*w111 use/the seven spec1es wh1ch are at each extreme of thezr

"-b;cont1nuum 1n compar1ng n1che breadth (B’a(mature)) along thef_]r

Zhost resource ax1s The»seven host genera11sts 1nclude :

A'Hymenolep1s hopk1ns1 Cap1l]ar1a anat1s, Notocoty]us 8

":Eattenuatus, Polymorphus contortus,.Corynosoma constr1ctum.»'

'_fF1mbr1ar1a fasc1olar1s and Apatemon qrac1]1s’(TabJe525),

_178;”ﬁ

4
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The seven host specialists include H. www,‘Echinocotyle NNN,

E. rosseteri, Lateriporus mathevossianae H. albertensis, H..

”melanittae, and H. 'Formosoides L .

Three of the host generallst spe01es 1nhab1ted the
caeca - in a]l hosts and were on1ously microhabitat
'spec1a11sts relat1ve to those wh1ch occupy the 1ntestine
U(Tab]e 25) W1th1n the 1ntest1ne two of the genera11st
spec1es had mean ranges of less than 15% of the 1ntest1ne

*‘and two spec1es had‘mean ranges greater than‘20% of_the

%
¥ 1

‘1ntest1ne ‘ »

p The host spec1a11sts showed s1m11ar var1at1on between
paras1te spec1es Two spec1es had mean ranges of less thanf_'
15% and two Spec1es had mean ranges of greater than 50% of}‘
Lthe 1ntest1ne Compar1son of the max1mum range occupted by a‘
parastte speg1es in one host 1nd1v1dua] demonstrated 51m11arh:‘
7. elatlonsh1p§\between the two\par351te groups .The caeca -
were equated O a 5% sect1on of the 1ntest1ne Some of the
'host spec1a11sts occup1ed a max1mum range of the ent1re_f
1ntest1ne L ‘ h

i An a]ternat1ve, and perhaps better analys1s is to |
'examlne the d1str1but1on of all common spec1es ‘as def1ned byﬂ
:rfthe1r pos1t1ons along both resource axes (us1ng;mean range
as’ the measure of m1crohab1tat resource Use'and'B'a(mature)?A
as the measure ofvresource use a]ong the host ax1s) (F1g

4u33) ‘Slnce paras1tes wh1ch mature 1n severa] host spec1es

“may have very d1fferent m1crohab1tat ranges 1n the dlfferentv'

“*fffhost spec1es,,each parastte entered the f1gure separatély

o
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Table 25. Niche bfeadth measufes.along two reSourcé'axégﬁ(HOSt and

.',.microha itat) of genéraiist and specialist helminth

specieg from ten species of ducks.

)
_N: . ‘B'a(mature) a ’Meén_range** f Maximuﬁ range
. GENERALISTS - T -
;:ﬂ. hégkinsi w0 O.ié"L © . Caeca 4  -5
- C. anatiév o 8.k»‘: ‘0;34.. : ' Caec:;a‘~ _»'_ , 5
E;.étteﬂuatus. 8. "?mx 0.3 "  ‘Caeca g 5
P. c‘o'ntortus ‘ 8 : 0.35: - 45
C. comstrictum 9. - 0.35 50 .
| A gracilis 100 . 0.57 L 75
F.|fasciolaris 9 - - 0.36 65 -
| o :.“gSP‘ECIAL‘IS‘TSY , [ T A R
SR W 1., .o.01 Tl 1.9 15, -
ﬁg. fossetéri'. .1 ._0.04 i - =‘.27t17,5~ _ 55
B NNN 1 0.04 " | ld; 9.1 - - 30
L. mathevossianae 1 0.11 - 41422.9 ST
“H. melanittae < 1, 0.088 - 52428.0 . 100
| H. formosoides 1.7 o7 o 2141006 40
H. albertensis 1 0.08 - 8s17.0. .. 105

' [} )
*Nh'— number of hosts infcted

%% Mean range for generalists is the mean of the mean range in all
hosts infected. ' o :

4



Figure

&, _ ;
~“S . B

’ 9
helmlnth spec1es locatlon in the 1ntest1ne

b2
Yo

.fComoarlson of the number of helmlnth species-

L)

/

Host ax1s is measured by the niche breadth of

~along two resource axes ‘(host and mlcrohabltat) /

mature species (B'a (mature) ) and,theemichQ_. Lo R
habitét axis,is measured‘by the mean range of ‘

Dotted llne 1ndlcates separatlon bétween rel— o o ;;:
atlve spec1allsts and generallsts along each ',. o,

ax;s (e,g. lower left quadrat»are-specxallsts

on both‘exes)L
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X

|

for eacgh host in which it matured. Many species were

N

specialists on both axes, others were specialists on one an
. generalists.on another, and some were generalists on bothy A

chi-squaré te indfcateg pye distribﬁtioh along‘thé two ':_‘
axes were not ind. endeht ICﬁi-squareé 4.07, p<.05), buy/
COmp1ement?ry-'Thuk,-there is no reason tq assuﬁé the)y;e of
\n§30urce$ by sympatric species will'be‘the same on aL4
resource axes, nor is‘fhehevreasoh‘tq cbnélude that all
parasiteFSpeéies afe Spééfa1ists.'Paraéifes show he séme

variation in specialization on resource axes, ahd the same

pattern of complementarity of specializatios’ (Pianka, 1978)

S el _ e . o ot
~on different resource axes as other orgapisms. - :
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Interactive and Noninteractive Community Structure -

' Two basically different explanations have been proposed
for the microhabitat specificity.observed‘in parasites and
the‘consegueht nature of parasite communities. Holmes (1973)
‘proposed that parasite communittes were mature and that
selective site segregat1on was” @ "regponse; to 1nteract10ns
. with other parasite spec1es Price (1980) proposed that
Rparas1te commun1t1es are assemblages of spec1al1sts adapted
to spec1f1c m1crohab1tats because of unspec1f1ed se]ect1on :
pressures other than competition.

Holmes and Price (1980) have compared the two o

fhypotheses of paras1te commun1ty structure to the theory of

“during wh1ch he1m1nth spec1es colon1ze a new. and

b

”underut111zed habitat. Holmes's view was equated with
‘Wilson’s»ftnal eyo]utionary phase"tn which helminth species
'}?no lonoer-interact”beca&se they have adapted to coexist with'
tthe pattern of exp]o1tat1on of resources by other species.
Holmes and Price (1980) have also prov1ded pred1ct1ons

;as to five features one. wou]d expect to observe in paras1te

'v.commun1t1es 1f they conformed w1th e1ther the 1n1t1a1

s nontnteract1ve phase ‘of . commun1ty development or the f1nal

- ’evolut1onary phase of deve]opment. Pred1cttons concern1hg
* three of these'features are applicable to this'study. |
The first pred1ct1on states that paras1te commun1t1es

in the 1n1t1a1 nontnteract1ve phase should Jhave many vacant n'
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~niches available for colonization, whereas in the final

.evolotionary phase there will be‘few or no vacant niches.,
Within this study. the ten duck species were arranged on a
loose cline of comglexwty, size and similarity between
helm1nth commun1t1es The species w1th low complex1ty ahd
small 51zed helminth communi ties had-unused resources
(unoccup1ed sect1ons)'available fo{ colonization and thus

uscorrespond to the view of a young paras1te commun1ty The

, helminth commun1t1es wi th hlgh conpleX1ty and large size had
‘no UnOCCUpled ‘sections, and thus correspond to the v1ew of a.
mature paras1te commun1ty

The second pred1ct1on states that the parasite

| commun1t1es “in the 1n1t1al phase will have few helminth
species not abuttlng in: d1sfr1but1on and some helminth
speé?hb.show1ng considerable over lap (>70%)'on relevant
resouroe gradients Paras1te commun1t1es in the final phase
of development w1ll have: many adJacent helminth spec1es
abuttlng, or if overlapp1ng,”the overlap will be less than
70% This pred1ct1on can be exam1ned along the loose cl1ne -
of helmlnth commun1t1es from low to h1gh complex1ty I will
measure abutt1ng -distributions as those wh1ch have a mean
overlap of 1-10% stng th1s cr1ter1on, the complex paras1te';
commun1t1es in scoter and. canvasbacK ‘had a h1gh proport1on
(33% of pa1rs) of abutt1ng d1str1but1ons, and-a small

| proport1on (12%) of dJstrlbutlonsﬁﬁlth“SO% overlap or more .-

Paras1te commun1t1es in scaup- showed a s1m1lar pattern (46%

_ abutt1ng, % w1th 50% over lap or more Bush, 1980). .Th

M L



L

initial nonintebactiYe_phase of development, but a

186

parasite compunities in the other six ducks had a very small

' proportlon of abutting distributions (8%) but about the same

proportwon showing high overlap (9%). In add1t1on. therw was
signifjsaotly less overlap_betweeh the charactefistic
species“tngn between the other species within the intestine
even though the ranges of the characteristic speciesfwere
significantly'larger than the ranges 6f the other speeies.
C}early, the extremes of the paras1te commun1t1es (fow
compjexity, Tow s1m1]ar1ty and h1gh complexity, high
similarity) correspond with the young and mature v1ew§'bf
communfty‘structure. regpective]y. Coa .

The third prediction states that hosts with similar

sets of resources (i.e., adult ducks of one species) should

support an unpredictable number of helminth species in the

[

‘predictable number in the final phase. Restated, there will

be few common or character1st1c helm1th spec1es 1n parasite
commun1t1es in the initial phase of commun1ty deve\opment
In the evo]ut1onary pﬁase, a—pred1ctab1e number of hejm1nth
species should be presenf This prediction, of a cdhsistent

number of spec1es is aga1n reflected along the c11ne of

'helm1nth commun1t1es Wjdgeon and bufflehead with 1ow

similarity between individuals hadjno characteristic specjes

and had an’uhpbedictable suite of parésitesL He]minth

'commun1t1es w1th h1gh similarity obv1ously have a‘

' pred1ctable component . | - . _" -
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Thus, it is clear the two ends of the continuum of
parasite comunities, from low complexfty. small size and
Tow similarity to high complexity,._Jarge size and high
similarity agree with the predictions of the two views of
parasite comunity structure, the former with predictons for
a young community the latter for a mature community. The
.fact_that parasite comunites in waterfowl agree with the
initial and final phases of community development and show
evidence for both interactive and noninteractive mechanisms
of community str&cture, is not surprising if parasites are
viewed as being capable of spanning all options of resource
‘use in a similar mahner to freeliving organisms and not \
restricted to being‘ext;eme specialists in resourcé

_explditatﬁon._ .
*
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- Appendix 2. Helminth species codes (numerical) . for 118
taxa recovér_'e'd from ten ‘species of ducks .
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Appendix 3. Taxonomic characters of helminth épecies that

)_could\not béiidentified. Hook lengths are in

<

w

. micrometers. , A



Remarks

Shape

Len thA

Hooks

Numerical

Number

Designation

Code

Trematoda

PP

20

chino

44

38

?

E

28

Splectresa?

Microphallid sp 1

72

" Microphallid sp 2

96

Cestoda

diorchopid

48

46

10

AB

Hymenolepis

12

Q
-
e

46

42

10

Spino?

18

Abort?

38

32

10

23

42

40

Diorchis TT 10

26

dioc.

48

46

10

32

dioc.

52 - 62

10

Echinocotyle QQQ

34

aploporaksis

18

10

42

dio,

38

34

10

43

Hym. tuv.?

i

skriabini

74

70

Q

44

20l
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f:-Appendix 6. Proportlonal values of helmlnth spec1es groups_”v
jderlved by cluster analyses u51ng Jaccard s
Coefflclent and Euclldean dlstance 1n each

duck group and duck spec1es. .'b ".u .
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‘ Appendlx 7 (Continuea)”

Column 4.(2 dlglts) Sex }
01 - male o S U
02 T female : | '

—O = unknown
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Column_s (3 dlglts) Length of small 1ntest1ne‘(cm)'“:

o

“Celumn 6 (4 dlglts) Para51te specxes codes o
evp(as llsted 1n Appendlx 2)
Column 7 (2 dlglts) Gut, sectlon number

Ol 20 = Flve percent sectlons of small
1ntest1ne (01 = anterlor end).

",21,¥Fiargev;ntest1ne:,m

22 —,caecav

;sectlon

”Column 9 (5 dlglts) Number of 1mmature para51tes
per sectlon.:'~~ v

'V~é¢1uﬁn~10(5 dlglts) Total numbers of para51tes per7 T35

',sectlon

i

At ~

f*_Celumn 8 (5 dlglts) Number of mature paras1tes per ‘,,ﬁm
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