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ABSTRACT

‘Effects of temporal and‘spatial segregationhon the helminthicommun~"
ititics of lesser scaup (it hiya ajj?nis)(SO‘adults; 52 ducklings),'collecte
in‘central Alberta”during the,summers of 1973-74, were studied. |

Thirtp—three species of helminths (26 cestodes, 5 trematodes, 2 acanth
cephalans) were recowered Thirteen speciestwere dominant (11 1n adults,
11 in ducklings), of which 9 were common to both adults and ducklings
The helminth cdmmunity was‘characterized by cestodes (98 percent of the
' total fauna), particularly hymenolepidids, which frequently had populations
numberlng in the thousands o - D . t%

In adult.scaup; there were“no'significant differences,'by season or
year, in the total numbers of helmlnths or in any of the measures of faunal
diversity.b Only 1 species was 11mited seaSOnally, but it was not replaced
by another spec1es In ducklings the acqui51tion of a'helminth cdmmunity
was rapid and its complex1ty 1ncreased significantly with age of host
Two species demonstrated ev1dence of temporal segregation on the basis of
- host age. Overall,dthe community was comprised of a well established
.fauna but features of lemporal segregation were not particularly important
in determining its compbexity | | o
| Spatial aspects of community structure were investigated by examining
the distributions of helminths in 20 equal sections of the small 1ntestines
of - 1ndividual birds In adult scaup; the number of species were higher
in the third quarter of the intestine, but other measures of faunal diver-

sity (Shannon—Weaver function, equitability (J), Simpson s Index) had de— .

‘.creaSing patterns along the intestine - In duckllngs, all of the measures



.'_nf diversity were maximal~throughout'the mid—region'of'the.inteStine cot

~and low at both ends. o | S S :hy ' L

Each'dominant,heiminth occupied-a ptedictable location along the = »
| R B _ R T
'“intestine, had'a_limiteé'raqge which for’most species wasiforrelated(ﬁithﬂ

1ts population 51ze, and which overlapped those of other specles In

W
'\~

duckllngs, 3 species demonstrated significant directlonal changes in loca—‘

. - it

‘tion with age of host, but by the time they were 1 monthiold, their loca~‘
tions were not signlficantly different than they were in: aduPt seaup’

A quant;tative measure of habitat niche overlap delineated 4 over—_
lapping groups of specles in. adults and 3 groups in ducklings ‘ Only 3
species, within 1 group.in'adults,'demonstrated-evidence'of_interactive’ ..;
1tsegregatibnsly‘The effects of their interactions on-community‘structurei»'

AWere restricted-to.the antérior'reéioniof the intestine" |

o '_ Spatial features;.specifically.selective segregation by each species
of para51te were the mos t- important. factors determining the complexity
:ﬁof the community The intestinal helminth community of scaup is apparently
L

a mature one, whose dlversity,has been_established to an important”extent

through biotic interactions.'”
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‘ 1. :ENTRODUC‘TION S

Why are there so many kinds of animals?" N
° G.E{ Hutchinson (1959)
' \
¢ : ' ’ i
Attempts to answer this celebrated riddle have-been prlmarlly the J

prov1nce of ecologlsts who have studied free- 11v1ng anlmals Thelr
studies ‘have amply demonstrated that species replace one another within

and between habitats on three major niche (term used -ds defined by

A Whlttaker t al. 1973) dlmensions temporal, trophlc and spatial (rev1ewed

by Schoener 1974) ! Parasitic organisms prov1de some excellent examples

“of niche segregatlon, along each of these dlmen81ons

Parasltes ftequently specialize their n1ches by separatlng in time
their use of the same habltat or resources For example Crofton (1963)
reported that the generatlon tlme of the abomasal nematode, Trzehostrongylus

arei was s1gn1f1cantly longer than those of Haemonchus contortus and

vvﬁstertagra czrcumcrncta. This results in a temporal segregatlon between

fs

-that Bunodera ‘sacculata and - Crepzdostomum cooperz, two closely related - X

the niches of T, axer and the later two species. Cannon. (l972) showed - b

papillose allocreadilds that co- occur in- the anterlor reglon of the 1ntestine
of yellow perch (Perca flavescenu), demonstrutc a degree of Lemporal seg~ .

regation. The -incidence. of (. cooperi is hlghest in midsummer while that "

’ of B. oaeculata is hlghest during late sprlng and early fall. Slmilarly,

MacKenzte and Gibson (19702 reported that - Cucullanuo hOtQPOChPuu and

. mznutu demonstrate a partlal segregatlon 51nce they both use the anterlor

1ntest1ne of flounders (Platzchtnjs flesuO)‘ but mature at different tlmes

"of the year The data given by Bakke (19/72) prov1des a somewhat more complex

example of temporal segregatlon - The 1ntraintest1nal distributlons of *,\5jf

y/Hzmascha mLZLtQPlS and Plagtorchts Zarzcola ‘which overlap in the middle

’Shathaeeum -and Mzcrophallu szmzlzs respectively

later part of the: summer by overlapplng populatlons of szlostomum

third of the 1ntest1ne of gulls (Larus canuo), are replaced durlng the



Patasites also make use of a second‘type of temporaf segregation -
the use of dlffcrent age classes of the same host opec;e)s Petter (l9f)6)
found that Atratiﬂs 1actw7ur it infected only old tortoises- (. catulo araecd),
.and did not reach high populations untrl the tort01ses were at least 15
years old. . The other characteristic species of tortorse pinworms were well
_establlshed in younger hosts. Similarily, Dudzinski and MykytOWycz (l963)
reported that‘Uraphidfm;.;tﬁigosam was found only in older rabhits (Uryeto-
lagus cuniculus), but there was no relationshlp between age.qf host and
level -of infection for the other ‘specdes of'nematodesq Miller (1943) has
-'shdwn that the cestode Trigenophoru" dulosus was found predominantly in
pike-(Esox lucius) less than 3 lb in welght, whereas T. erassus was. pre—
domlnantly in larner pike.. Mlller (1952) also showed that temporal segre--
gation 1n the use of populatlons of Cyelops btcuspzdatus by the procercoids
was an 1mportant part in_ the ecology of three species of Prtaenopnorus In
the last case, as in others Lnyolov1ng invertebrate intermediate hosts with
rapid populatfon turnover,'the two types of temporal‘segregation.cannot be
distinguished (Holmes 1973) ' L o : ' B '_
Specrallzatlon for the use of dlfferent resources 1s.another mechanlsm
-of nlche segregatlon° Keast (1968) suggested that closely related sympatrlc
species generally were separated by at least a 10% llnear measurement (par—
‘t1cularly in relation to food-gathering structures) and that the smaller
species was a more speclallzed feeder Relating this idea. to parasites;
Lannon §i972) reported that £ coopert and B. sacculata, whlch co- occur in
the ante ior 1ntest ne of perch showed 51ze dlfferences, notably a 10%
difference in oral sucker dlametcr nraddltlon, the smaller.specres,mC.
' coopert, shows a more restrlcted'mlcrohabitatkdiétribution. .He concluded-
~ that coex1st1ng allocreadlrds of perch exhiblt the same kinds of differences
1n food gatherlng structures/as those reported for sympatrlc freerllving
. organlsms., In a more conclusrve example of trophic segregatlon, chad (1963)
ishowed that pinworms of tortorses segregate their niches, in part by
idlfferences in. food hablts assocrated wlth differences in oral morphology.:
'.The dlstrlbutlons of. Tachygonetpta robusta and Tach stylosa overlap broadly
“in the colon of- tortolses, but the former is an 1ndiscr1minate feeder on @

A lumen contents, whlle the latter feeds of fine particulate matter recognizable

'malnly és bacterra. He also observed strlkipg dlssmllarlties 1n oral structures



betyccn other comblnatlons of species of plnworms with slmllar pattcrns
of dlstrlbutlon and concluded that it is probably that the also dlffer

in food hablts '

L4 « . .
The abovc examples emphasize the importance of the specialization

of oral structures as mechanisms of trophic'segregation bétween closely'N
related species af trematodes or nemdtodes. Acanthocephalans and cestodes
lack comporable oral structures and are dependant upon the metabollc
‘act1v1ty of the surface COVErlng thelr bodies for the absorptlon of
_nutrients. In general parasites that are "absorbers" obtain ‘theéir

: nutr1t1onal requ1rements thrbugh the uptake of low molecular welghti
carbohydrates (Mettrlck ‘and Podesta 1975). Studies om tHe morphology

of the surfaces of acanthocephalans and cestodes (rev1ewed by Crompton
1970 and Mettrlck and Podesta 1979, respectlvely) 1nd1cate that w1th1n

- groups, thelrystructures are sdmilar. There are mg!%r dlfferences but .
they are not interpretable in terms of trophlc adaptatlons for the ab— L
sorptlon of these categorles of compounds In addltlon ‘resource seg- ‘\
~regation of acanthocephalans and cestodes may be for reasons other than

. obtaining energy: For example stud1es have shown that habltat selectlon
of some spec1es of acanthocephalans and cestodes is correlated with changes
in the chemlcal comp031tlon of their bodies durjing development (Goodchild
and Wells 1957 Archer and)Hopklns 1958 Mettrlck and Cannon l970

_Uglem and Beck 1972) or ln response to dlfferences in ox1dat10n~reductlon
Apotentlals along the iftestine. (Mettr1ck and Podesta 1975) Consequently,
‘contemporary para31tolog13ts have not 1dent1f1ed the important questlonso
to ask about trOphlc spec1allzat1on as a mechanlém of the Segregatlon of
resources between closely related spec1es of acanthocephalans or cestodes.
Research on thlS subgect would 1nVolve a study completély 1ndependent from
;other aspects of resOurce partltlonlng _ ‘ '
' Spatlal segregation 1s by far the most common mechanlsm of nlche
‘spec1allzation demonstrated by parasltes.’ It includes geographlcal (allo—
patrlc) host habltat (allotoplc), and host segregatlon (allohospltallc)
E1chler 1966) In a major review on. thls subJect, Holmes (1973) pointed -
out that spatlal segregatlon also 1ncludes segregatlon to 81te w1th1n the
host» Frequently this 1nvolves the segregatlon of related spec1es of par— -

N,

asm}es in dlfferent parts of the dlgestlve traet
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For éxample, in individual racer snakes (toluber constrictor), three

species of hookworms may| occur: ruuvu}‘h«atu.s Inermis coroneiiae in the
esophagus, A. txwtutu. parvus 1n the anterior small intestine, and #. r.
recetophtiug in the rectum (Schad 1962). Madsen (l952) shoWed a 51mllar
situation with vajtllaria in waterfowl: ¢, contortg occupied the esoohagus,
i caudinflatq the .small intestine, and (. anatic the caeca.

In individual §?Sts, segregation of parasites-along the length of the
small intestine is gommon ; exambles are Eound almost wherever the precise
locatlon of para51tes have been studied (rev1ewed exten31vely by Ulmer 1971,
Lrompton l973 and Holmes 1973) For the most part the complexity and
1mportance of site segregatlon depends on the abundance of species or indi-
viduals and/or the size of the helminths_ in relatlon to the intestine.

,When the Helminths are small and present 1n.relat1velyvlow numbers, they ' .
‘frequently segregate in non-overlapping zones (e.g,, flveispecies of cyclo-
phyllideans in Sorex araneus ‘studied .by Lewis 1966; three species of'cyelo?
phyllideans\in dogs, Baer 1971) . When the helm1nths are larger, or abundant
they tend to occupy a greater portlon of the 1ntest1ne (e.g. HJmenoZepts
dtm“nuta Studled by Chandler 1939 Holmes 1961; Taenza taentaeformzs by

_ Hutchlnson 1957), and may overlap (e g. ‘seven spec1es of hymenolepidids

in ducks," Avery 1969; species of.trlchostrongyles in varions ruminants,
ASommerv1lle 1963).. - lfﬁlb‘ ‘ : ‘A - - {

‘The overall 1mportance of site segregatlon is best demons rated in
analyses of species flocks - several related species of para51te§ which
occur in the same host individual at the ‘same time. The best known ex-
'amples are assemblages of. p1nworms in. the colon of tort01ses, studied by
Petter (1962 1966) and. Schad (1963)- They reported up to lS spec1es,.
mostly of the genus Tachygonetrta, w1th some ind1v1dua1 tortoises hav1ng
_over 50,000 plnworms Both‘workers demonstrated that each Spec1es was !
selectlvely dlstrlbuted aldng the length of the coldgn. ° Schad added another
dimension to 51te segregatlon by studying the radial 1str1bufions of
‘these nematodes. Using a unlque approadh he qulck—froz the colons of
‘the,tort01ses in llqu1d a1r .cut them 1nto sections of ual length dlvided
each section into an 1nner core and outer’ rlng of approximately volume,g

and examlned them for the d1str1but10ns of plnworms He-reported two series.

o v

~



5
of pinworms, one equaldy d1v1ded between the ring and the core of the colod®
and one found almost entirely in the ring. Pairs of spacies w1th the
most similar linear dlstr1butlons differed in radlal dlstributlon and .as
mentloned prevlously, those species that overlapped broadly showed dlfferent

) oral structures, correlated with dlfferent food habits. '

In a review on the importance oflnlche specialization of helminths,

&particularly selective site segregation, Holmes (1973) hypothesized that
parasites. respond -to the regular presence of competition in essentially
the same ways as free—living organisms, and that differential habitat
selection was fundamental to the development of complex. helmlnth tommunities.
Tg test thls hypothesls I 1nitlated a research program to study the im-
“portance of niche specialization in the- structure of a complex helminth
community, The selection of a complex host-parasite system was based on
the data provided by Graham's (1966) Study 0f the parasites of lesser
scaup (AJthya affinis) collected from lakes near Edmonton Alberta, He
reported ‘Sver 25 species of 1ntest1nal helmlnths, ‘the majority of whlch

?,

.were cestodes (partlcularly hy enolepidids), whlch frequently had lndi—

viduals’ numberlng mﬂithe tho ands. »
ical analysis, I. used the 1ntest1nal para81tes

For purposes of statis
from 1nd1v1duar)lesser scaup as ‘a replicate of a complex helmlnth commun1ty
ThlS approach emphasizes the 1mportance of §patial segregatlon in the
structure of the helmlnth communlty at the level of the host 1nd1v1dual

" as opposed to that at the level of the host populatlon. .

My maJor research obJectives were to determine the modes and extent
of the temporal and spatlal aspects of nlche specialization in the structure
of a c0mplex para31te communlty Since cestodes characterized the communlty,-
and for- the reasons mentloned prev1ously, the role of trophlc niche - -

spec1allzation was considered 1nd1rectly by a process of elimlnatlon.-”

'



I1. GENERAL METHODS

The Study‘LakeS
Field ebllecti ns were made at Cosking andehastings Lakes located -
approximately 32 kilometers southeast of Edmonton,Albefté;ﬁ;ﬁgth'lahes
are relatively shaiiow, highly productive and eutrophic. - Their general
limnology was described.by“kerekes.(1965).
dThe'invertebrate faunas of the two lakes are basically the same;
the most abundant macrofaunal groups inelude-amphipods, corixids, '§‘\
chironomids.and other:insect iarvae, leeehes, oliénchaetes, cladogerans,
COpegods.and uStracods In Codhing hake the vertebrate féuna is almost
‘totally comprised of mlératory .Aquatic birds which utlllze the lake for
i
'breeding and/or as a’ staging area for migratlon Among the more
1mportant are mallards (Anas pZatyrhynchos) shovelers (A. clypeata);
‘blue—w1nged teal (A dzscors) lesser _scaup (Aythya affinis), white-
w1nged scoters (Melanztta déglandh) éﬁared grebes (Podzceps casptcus)
iand Franklin s and Bonaparte's gulls (Larus pipizcan and L. philadelphta)..
‘ ihere are novfish in ;2}5 lake and very few muskrats (Ondatra zibethica)
or beavers (Castdr canadenszs) have been sighted. The aquatic bird
: populations of Hastings Lake are similar to Cooking Lake’ except that - ;
) red necked grebes (P. grﬁSegena) are more abundant . Also,vthisulake,has ,

signlflcant numbers of muskrats and beavers Other details on.vegeta-

) tion-etc‘ are summarized in Bethel (1972)
¢ Field Collections and Laboratory Procedures -

' Many ecological studies have to be conducted w1thin arbltrary
N 4 .

limits set by the investigator Based on_myAapplication oﬁ'the fplloWing

9



procedures, I\}ﬁnosed both-temporal and sbatial limits on the ‘data
collected during my studj. These limits were necessary to standardize

4 ' . . .
the comparisons within and between birds. Future‘investigators should
recognize these limitations.when comparing their data with the results
that I obtained.

During the summers of 1973 and l9lﬁ; equal sample sizes (5) of
adult scaup were collected By'shooting during the early_parts of,the
months of'June; July;and August.; All oflthe ducklingS'were3colleeted ) ‘*&
:1n ‘late July of each year and were placed into age weight categories
follow1ng.Sugden (1973). An additional 18 scaup, collected in 1972
were used in a preliminary‘analy51s (Halr_and‘Holmes l975).. Due to _
differences in season of collection.and/or‘methods of'handling,lthese
scaup were not readily comparable to those from‘l9]3;74~and will;not :
be_considered in‘this theSis. | |

To prohihit post—mortem migrationlof‘the helminths, intestinal
»tracts were removed from the birds immediately upon collection; placed

‘1n a metal pan and frozen rapidly by adding a solution of absol&te

' ethyl alcohol-and dry—ice (at approx1mately -70 C). .They were then:
_removed to a contalner of. dry—lce and kept frozen until.examined
While stlll frozen the small. intestines (pylorus to ileo—caecal
:Juncture) were measured then cut 1nto 20 equal sections (5/ of the
;-tofal,length); ‘In adult S aup,zthe mean length of each section was 8.4 cm
'For ducklings the mean lenghts of each section for the respectlve age—::..
4we1ght categories werer Ia= 2 3 cm, Ib' 3 8 cm, Ic- 4 8 em, Ila= 5 8 cm;‘

- k . .
'1Ib=_6}3 cm. The diameters of the" small 1ntest1nes were not measured and



therefore, the radial component of spatial segregation was not studied.
: . _ . 3

 Thése standardize length measures provided a correction factor for

determining the number of-helminths per.unit.length of‘intestine but

the number of helminths per unit area of‘intestine_could not;be calculated.
Eachlsection was opened separatel&, the mucosal lining'was scraped“

and the contents‘were waShed~into a dish of'water. Helminths recovered

‘were fixed and preserved 1n AF4 (alcohol formalin-acetic ac1d mixture)

.

' and identified and counted later, or were 1dent1f1ed and counted at ne-

} cropsy. . The presence of some - spec1es in the thousands mﬁde absolute ‘

. o , i
counts of their populatlons 1mpract1cal In these situatlons all trematodes,

acanthocephalans, and large tapeworms were counted leaving only the small
hymenolepidids ,Thelremainder'was made.up to a standard volume and ‘a
'one—tenth aliquot'was removed and counted. .iﬂ o S ,

The results from each duck vere’ tabulated in a species (row) by

-

section (column) matrix. The position of each worm- was determined by
. the location of the scolex, biomass and the exten31oq of the larger
tapeworms 1nto suCceedlng sections were not recorded 'A‘repreSentativet

' example of a data matrix is given in Table 1. A series of such matrices
constltuted the raw data for further analysis. They are on file 1n the
Department of Zoology, University of Alberta, Edmonton. : . ‘;”*

Representatlve cestodes were stained w1th Blachin s lactic ac1d
carmlne (Reichenow et al i952) or Ehrlich s hematoxylin, trematodes

o

- were stained with Chubb s (1962) acetic acid hematoxylin, and acantho—

b-cephalans were cleared -in beechwood creOSote ‘or lactic acid
e (‘.). R . N -
Exgept for the Hymenolepididae, nomenclature for the helminth&:'

A

.follows McDonald (1969) Nomenclature for the hymenolepidids follows S

B r .
'Spasskaya (1966) except that the genus Hynenolepzs (sensuglatu),-:,

fwas used instead of M%crosomacanthus.-

s s
. A L . -
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Analytical Methods

Several of the standard measures of diversity were used to-caléulatejP

,helminth specibsfdiversity (HSD). They are: - N . L
. (1) Number of species = S
(2) Shannon-Weaver (1949):information theory function
H' = -L Pi'Ln Pi
. i=1 : N
- where L Pi = proportich of the i-th species}(i‘= 1, 2..., S),
Ln = natural logarithm.
(3) Rec1procal of Simpson s (1949) Index (see Hill. 1973)
"- o | ASI - q l ;‘ »- ’ . .
roen:
S i=1 : , ’ .
"where Pi is as defined above.
(4) Equitability (Pielou 1969) .. ~ . -
S : . S | e
J = H g L0 ‘
SR
- Cmax o
where . H'.is asidefinedjaBoye, 2

| -'*\*'an:,:f'fL.“ s
In‘general; aldiverslty 1ndex shomld reflect changes in two
‘ features of the data the number of Species present‘and their.relative
iabundances (Peet 1974) . Species counts do not consider relative abum-tlf.
‘\dance and are strongly 1nfluenced by sample size. (Krebs 1972) The o
-.Shaaaon‘functlon;ang‘81mpsoa afIndex'incqrporate;both pfmtbese:featuresfg:rﬂbic

Ge T
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1

hut differ in their sen51t1v1ty;to the relative abundance component‘
Hill (1973) has empha51zed that these two measures are related to the v
‘same basjc formula, using different weighQ1ng factors for abundance‘

(see Hill -for details). As a reSult H' is more sensitive to rarer

species and ST is more sen51tive to the common Species. Whittaker (1965)

«

‘Tegards SI.as a measure of concentration of dominance.- Another way»of
expressing the.difference between the two is that H" is a measure of

' the uncertainty that ex1sts regarding'the species of an 1ndividual
'selected at random whereas SI is a.measure of the probability that two 3
1ndividuals selected at random will be the same Species.

Measures of nlche width and n1che overlap, as used by/other ecolo—
| 2 .

gists, are based on the distrlbution and overlap of species along

particular resource gradients angd are directly applicable to analyzing
'”the distribution and overlap of species along the small 1ntest1ne.'

|
*In this study, 1 have used Culver s (1972) measure of niche breadth

Al

a standardized Shannon function

] s . - Lo -

o B, = = ' L FLaN L
- g3 gy Iapg N
where . p jvis the pr0portion of the i- th Spec1es in the J th
sectlon (j ';[2...;-N).ti ,‘1!5 "

Percent 31m11ar1ty (used prev1ously for parasite communities by
1 Holmes and Podesta 1968) was. used as -a mea5ure of habitat niche overlap

(HNO) between pa1rs of Species. It i defined as,

: LN R o ' L
PS.. = £ (min o T TR o
lwhere‘v_ ‘pij and phJ are the proportions of Species i and h respectlvely,

' in intestlnal section J



ThlS measures the proportipn of the indlvmduals of each species which
have 1dent1da1 distrlbutions “
‘\Statietleal analyaes of the data were done on-an IBM 360. ‘computer
931ng APL or Fortran Programs used were obtained from the publlC -
'-libraries of the Univer51ty of Alberta Computlng Center (UACC) or from
J ‘
the Clemson Unlver51ty Statistlcal Analys1s System (SAS) de51gned by
,:Barr and Goodnight (1972) : All tests were based on procedures outllned:
in Steel and Torr1e (1960) or Sokal and: Rohlf (1969) _f ,. o
The data were tested for normality of distribution ue1ng a program
" for the Kolmogorov-—Smlmov test: (UACC CHER. MYOWN KS) ' -Most of the
'.data were analyzed by analy51s of variance (UACC 2 STPl ANOVAZ
UACC 2 STP1 ANOVA SAS HASP II) T-tests Were Calculated for.
' unpaired samples (UACC 160 PSTAT TTEST 4) Product—moment correlatlon'
coeffic1ents were determined using UACC ‘160 PSTAT CORR and SAS HASP IT.

_.,\

Other methods of analysis of the data are given when first used.



/ U UIIL. THE HELMINTH FAUNA - a

The intestinal. helminths of anatids are numerous and have been
: studled extenS1vely (McDonald 1969) In particular ‘lesser scaup are _
an important definitive host for many species of 1ntest1na1 para31tes
From 141 adult and 75 duckling scaup collected in centraerlberta
(prlmarily from Cooking and Hastlngs Lakes) Graham (1966)'reported
28 Spec1es of intestlnal helminths, 1nc1ud1ng some spec1es which had ~
individuals nUmbering in the thousands.l4 .

" During my study, 82 scaup (30 adults .and 52 ducklings) collected ;
"from the same two.lakes had a total of 33 species of intestinal

i'helminths (26 cestodes 5 trematodes and 2 acanthocephalans) Data onv

-

h. the ‘prevalence. and intensity of each species are summarlzed in Table 2.

A Cestodes were the most’important group, accounting for: 98 percent of
vthe total number of helminths In particular, high numbers of small .
tapeworms of- the genus Hymenolepzs were maJor components of the fauna
Indlvidual spec1es of - helminths were ranked according to theiri
relative abundances (prevalence x mean intensity) (Table 3) ’ The most S
' abundant Species, plus three others (Fimbrtarza fasctolarzs LaterrporusJTf

‘skrgabtnz Dmcranotaenta coronula) generally present in lower numbers .

,0. e

but con81derably larger than the other species were considered to: be

. R \‘~‘ . ,,4\“-

'the dominant Species,v These species indicated by astérlsks in. Table 3: :

, , R N .

ﬁWillxbe given Special attention in the remainder of this thesus.?
> . . ,»\; % e

Qa;zngFor comparative purposes the abundance values for the species af
a
intestinal helminths reported by Graham (1966) and those from 18 scaup

ﬁducklings collected from potholes in southern Alberta during the mid-pu'-isﬁ” o

Sy

:1960”5 (unpublished records) were determined (Table 5) -With.few'3f-

13 .
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abundance values;ln Graham s - study may. be due to a reduction in water

.the-same (Holmes, pers.wcomm.): -

, . 18
exceptions, the same species dominated all three sets of data. Notable

differences were the absences of H. pusilla, H. pecurvata and I, fausti
from Graham's data, ﬁ?'?ﬁcroskPJabini_and’H. albertensis from both of

the other studies, and A. compresaa and‘H, parvula from my data - of

o

these spec1es, H. aZbeptensrs is a parasite of white—uinged scoters
which were mare abundant in the Cooking-Hastings lake system durin my
. v

study -than durlng Craham s (Holmes, pers - comm.), and were not ' present .

“in the potholes in southern Alberta Hymenolepzs compressa is a Spec1es

\

-characterlstic of Sloughs and potholes, the spec1mens “in Graham' s study

. actually cdme from sloughs near Cooking - Lake not the lake itself . The

,'

other Spec1es are- regarded by McDonald (1969) as uncommop paras1tes in

4

waterfowl and 4t thls t1me no explanation qan be given for their .

\ ; .
sporad1c occurrence.
' 9

In general, abundance wvalues were substantially lower in Graham's

a

data than in the other twO studles. Abundance values in the southern
e, .

Alberta ducklings were similar to those in my adults. ‘The 1ower- )
V

[

levels‘ln Cooklng and Hastings Lakes(since the_mid—l960's. 'As a_reéult5

there has-been a change in the species of waterfowl that use these

lakea during the nesting‘seaaon and probably, therefore, 1n para31te

. faunas. Populatlons of ruddy ducks (Oxyura Jamazcenszs) have virtually '

“,,‘, )

vvanrshed, ‘those of red—necked grebes and c%ﬁirﬁgtultca amerzcana) have

!‘

.decreased while those of wh1te-winged scoters and of several*specles

A -
of dabbllng ducks have increased markedly. Scaup have remained about :

o

,\”

It is 1mportant to note that most of the dominanﬁ Species of

’

par351tes are found almost exclu51vely in. scaup in the study area.



?

-

They are only rarely encountered in other waterfow] (Graham 1966;

unpublished records).' In Appendix ‘I, scaup are listed as the main host

‘(defined-by Sulgostpwska [1958] as that host [or hosts] in which the

- mature par351te reaches max1mal abundance) for these species.

E 4
There are only three exceptions to this genera1~rule " Fimbriaria

o8

fa301olaﬁis and D coronula are common 1n a w1de variety of diving and

dabbling ducks. (McDonald 1969; unpublished records) in the study area,-
no main host can be singled out{ ‘As indicated earlier‘ H. aZbertensis
. (an important helminth of ducklings in the.presfnt study) is primarily
a parasite of . wh1te~w1nged scoters ‘(unpublished records), scaup
(dncklings) appear to be an aux1llary host)(defined by Sulgostowska
[1958] as a host in which mature parasites are less abundant than in
the\main host) (Appendix I) | |

CAll of the helminths rep’!ted in Table 2 have indirect life cycles
requ1ring aquatic invertebrates as 1ntermediate hosts.A Scaup are
omnivorous: every study on their diets.has noted the importance of

1nvertebrates, and particularly amphipods which usually constitute over

half of their food (Sugden 1973) Given ‘that scaup are the main hosts

». for- almost all their domlnant helminths and that amphipods make'up’

such an important part of their diet it is not surprising that amphipods o

S

(Gwnnarus Zacustris and HyaZeZZa azteca) are the major intermediate -

hosts for most of the dominant species of helminths in the Cooking—Hastings oh‘
/ . X

Lakes study area (Denny 1969 Podesta and Holmes 1970) (Appendix I)

The life cycles of D coronuZa H. fhustz, and Rettnometra ptttalugaz

have,not\beeanetermined_in»the studywlakes, but studies‘elsewhere

'jindicate a wide variety of invertebrates, including cladocerans,
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copepods, 03\ dcodq and snails, can serve as intérmediate hosts

(Gzaplinski 1956 Jarecka 1‘58 1961 Spasskaya 1966 McDonald 1969
Valkounova 1973). The life cycle of H! recurvata is unknown (McDonald
1969) . -

The mlnimum generation times of many ot the dominant cestodes of
scaup are very short )Infective cysticetcoids of several species may
develop in as little as 8 or 9 days at approximately 20 C (Denny  1969;

. Podesta and Holmes 1970). Under experlmentai conditions- egg Packets
rhave appeared in the feces of infected scaup in as 11ttie as 4 to 6

days. ‘Therefore, minimum generation times may be less than 2 weeks.

* Where. known, deve10pmental times are given in Appendix I
A : § . )



IV.  TEMPORAL ASPECTS OF COMMUNITY STRUCTURE

There were minor fluctuations in the total helminth communlty of
adult scaup (Table 4) but during the perlod of time ‘the scaup were
jrestriqted to the nesting grounds there were no 51gn1ficant differences
. .

(by season or year) in the number of helminths (total mean mean number'

per centimeter of intestine) or in any of the measures of faunal

kK
diversity. o )

‘Mean . numbers of the dominant spec1es also fluctuated (Fig._l;-
Appendix 11), but statistically 81gnif1cant seasonal differences were
found. in only four spec1es Populations of F fbsczolarms and P, martlzs
kincreased 31gn1f1cantly with season (see Appendix II for F values and
levels of 31gn1ficance) Populations of H. sptnoctrrosa were high
1nitially, declined in mid—summer followed by an- increasebin numbers ;‘

. by early August. Hymenolepzs recurvata ‘was absent in the ‘late summer
‘samples, it was’ the only dominant helminth that showed such a seasonal
:limitation. | - | |

The youngestlscaup ducklings ‘examined (class Ia, collected in 1974)
were only approximately 3 days old weighed only 30 to 35 grams, and still
retained functional yolk -sacs. All six of these birds were. infected
| with H.. spmocwrosa five other species, including F. fascwlams and |
T-H puszZZa were found in one or two birds each There was' a mean of .

Atwo species and 15 individuals per bird (Table 5) (A1l of’theﬂtapeWOrms:
lhwere just beginning to strobilate "'*fe 3"'_ h B I

| The youngest ducklings examined in 1973 were approximately 4 to. 5
days old welghed 35 to 42 grams (mean 39g) and had completely S
absorbed the yolk Their parasite communities were much better developed '

\
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‘Figcre'i Seasonal dynamics of the dominant species of helminths

|-
from 30 adult lesser scaup collected at Cooking and

Hastings Lakes, Alberta, June-August, 1973 74
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~with a mean of 965 Individuals (342-1899) belonging to a mean of nine

species (7-12). Almost all of these birds contained reasonably high
popuiationslof.mostlof_thesdominant Species; including.hf sp?nocirrosa,
H..:rrricr'oskrjabini H. tuvensis, H. pus'iZZa He 'de.er‘t'ehsis and F '.
fbscioiaris{ Mature spec1mens (those hav1ng progIottlds‘containing
' fully developed reproductive‘organs) of all eXCept H puszZZa were
present (Appendix IlI),<and at least some of the H..spznocmrrosa and.
dH; aibertensis were already gravid | -. | ‘”

" By the time the birds were 6 to 10 days o0ld (class Ib), they had
'a mean of 1586 individuals (296- 4445) belonging to-a mean of.nine species
.(7 12), w1th no significant difference between years (Table 5) ALl
the dominant helminths were present (Appendix III)

W1th further increases in host age the community continued to
develop There were significant p081tive linear regressions on age- for
- the total number of helminths (r é‘.77, p < ;025), the mean,number per

Jtentimeter of 1ntest1ne (r = 86 p < 001); and the total number of
‘-‘spec1es (r 81, p < 001) Measures of faunal diversity differed
"'s1gnif1cant1y between age categories, but showed no. consistent patternf
('Iable 5). o B | R
| As expected;v;opulations of. most of.the dominant heluinthsA
l.fincreased w1th age of the host (Fig. 2 Appendix III) However,'sampie”'
Li31zes were smaIl and the increase was . statistically significant only
4' "‘-forH abortwa H mcroskmabzm H. puszZZa H spv,nocwrosa andb

'hH tuvenszs in 1973 and F fasczolarts 15'1974 Within the ages of jfhti.

:ducklings sampled"there was no- evidence that any of the parasites were '

»hgspecialists u51ng the younger ducklings



Figure 2. Acquisition of the dor.hir{ant.he,linihths,from 52 lesser
o écau§ ducklings col_lééted at 'Cooking.-a-hd Hastings

. Lakes|, Alberta, late July, 1973-74.
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However, when the.communities of“helminths in duckllngs are com— -
pared w1th those in adult scaup, two species appear to be temporally
limited. Hymenolepzs aZbertenszs was abundant in young scaup, ‘but rare
and neyer mature in adults. Retinometra ptttalugaz was abundant in -
adults but rare in ducklings (except for the largest ducklings

collected in 1973).

biscussion\
-, Graham (1966) has also studied the effects:of season and age on
the parasLtes of SCaup-from Cooking and\Hastingvaakes. He reported
4the seasonal patterns of abundance of six of the dominant spec1es from
._thls study In both stud1es F. fasczolarzs . skrgab;nz and P. marzlts
1ncreased in abundance from June thmough August In Graham s study, v
bl) cornnula increased from June to July then dlsappeared by August,

whereas in my study, it increased in abundance over the summer.

X :venszs also ‘showed dlfferent patterns between the two

am's study it had minimal populations in mid-summer'

:Study there were maximum populations in mid—summer. The

i

S

patz . pzttalugaz were variable between the two studies and"
htwo years of my studyn.uT‘ ] . ”. .
v'comparrsons Suggest F fasctolarts, L skrga;;hz and P S
;obably have con31stent seasonal patterns dependant upon their
;iology ' All three -are relatively large long-llved worms, j l
'1 e;ﬁecii;fy when compared with the small hymenolepidids. Existlng in a’i

B complex community w1th these features would seem to require a good

tcompetitlve abillty If so, their inoreases in abundance during the'_'
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summer is not surprising. L%cranotaenia coronula also shows these same -

_features, so the same arguments should apply. In my data it did
increase in abundance over the Sugmier. Populations.of smailer.hymenolz
epidids appear to belmore labile, responding more quickly ito }ocal
conditions? This appears to be the situatibn withnR. pittalngai;
Preyious"studies indicate that young waterbirds aéquire’helminths

rapidly and may harbor spec1es that are not found 1n adults (Wehr and

Herman 1954 Cornwell .and Cowan 1963 Buscher 1965 Colbo 1965

- Neraasen 1970) In Graham s (1966) study of scaup, a few ducklings had

acquired helmlnths by the time they were about 3 days old: (30g) It was .
not untll they had reached approx1mately 3 weeks of age - (100 200g) that
'all were 1nfected During the first three weeks relatively few individu—
)al parasites were acquired (medlan number less than 20). Ducklings over'
-.200g had approximately the same number of parasites as‘adults (median

/

: numbers approx1mately 75),‘and those over. AOOg had more parasites than
adults. ‘ S {. L | :h‘. o o %:;

In comparlson, all of the ducklings that 1 examined .eyen those
“ approx1mately 3 days old were 1nfected | In addition they acquired - }bw<;
: 1nd1v1dua1 par351tes much more rapidly, by the time they were 5 days old - |
they harbored a mean of 965 worms and by the time they were 2 weeks old

©a mean of over 1600 WOTmS . It should be noted that adults were also

.<v€}

.much more heavily parasitized in my study (0verall mean 18 900)

Neraasen (1970) suggested that an important factor in. the producti'n
of high populatlons Qf helminths in goslings was’ the short generation

‘ ,time of many of the spec1es of parasites,} In my study, gravid specimens' ;

" of several spec1es (H abortzva H, aZbertensws H. microskrgabznz, S

-
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in the'young ducklings-

. apineei : ‘ - 3l
. spinceirrosa, fl. tuvensi) were recovered from ducklings less than

»

I week old.  Under experimental conditions the generation times of these

species (except for H aborflva which has not been determlned) are

\

approximately 14 days (see Appendlx I for detalls) These'relatively
short generation times, when comblned with high populations of -définitive

and intermediate hosts, result in the dispersal of large numbers of
\

infective stages. 'This is clearly an important feature in the rapid
9 , o . ‘ R

development and dynamic nature of ‘the helminth community of‘scaup; .

! . . ' . . v

particularly‘in ducklings,

One of those species that developed particularly rapidly in'

“ducklings was H. aZbertensis in which maximum populatfons were found

- in ducklings 15 to 2 days old. The high numbers of gravid individuals

d the virtual absence of this species in adult‘

scaup are clear avldence of temporal limltatlon on the basis of age of

“o

the host. However Denny (19692 recovered mature specimens of H

aZbertenszs from an eXperlmentally 1nfected laboratory-reared scaup 8

'days post 1nfect10n 1ndicat1ng that in the absence of other specaes of

4\, 5 z

St

\,-para31tes; adult scaup are sabrsfactory-hosts. When combined with my ’

Coe

'data, these observatlons support the hypothe81s that H. aZbertensps is .

an opportunlstlc Spec1es (as defined by MacArthur, 1960) w1th the-

-ability to invade, COlOﬂlZE and reproduce rapidly before belng dlsplaced

".by competitlvely superlor species, It appears to be replaced by R

- pzttalugaz in adults which is rare in ducklings. ihese two spec1es

*then appear to be temporally segregated ecological qufValents.

In conclusion, the data suggest that neither seasonal aSpects (at/

ieast during the time the birds are restricted to the nesting grounds)
. fSJF’,.' . B
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nor host age £§pect3/of temporal segregation are particularly 1mporsant

in determinlng the compIex1ty of the lntestinal helminth community of

lesser scaup. Only one Species was limited seasonally in adults (H

- “w

recurvata) and.it' was not replaced by a new spec1es.’ Theréfwa$ ev1dence

<

of temporal segregatlon of two Spec1es (H albertenszs in duckllngs,

R, ptttalugaz in adults) on the bas1s of host age. Overall the
| 3 o *
commuylity is comprised of a well established fauna and the regulatlmn

of their prulatlons must be explalned on bases other than those related

@ -
o .

to temporal segregation.

[
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V. SPATIAL ASPECTS’OFcCOMMUNITY‘STRUCTURE'

?

Each of the helminths of scaup was limited in its distribution
along ‘the small 1ntestine, and. the distribution of each overlapped that

of one or more other species, . As an example the intraintestlnal ‘

e .
"

distributions of all spec1es found in a representative individual scaup
are shown in ;igure 3. Data from -each individual bird 1 were used to

calculate the helminth’ spec1es d1versity of @ach 5 percent section of

the 1ntest&ne the - 1ntra1ntest1nal distribution of each. species and the'

habltat niche overlaps between all pairs of species in that bird

’Varlability in the communities in different birds could then be assessedj';j
() .

by treating these- derived data statistically The following sections‘

investigate the importance of these spatial components in the develop-

ment and structure of the 1ntestinal helminth community of scaup;‘

A\
Intra1ntest1nal He1m1nth Spec1es D1vers1ty
In my-study I have used the helminths from the small intestines of
vindividual scaup to study patterns of helminth spec1es diversity (HSD)
Valong'what may be considered to be a complex resource gradient The

Y

;.basic data set con51sted of four measures of. HSD (S 'number of species, f',

Shannon divers1ty,v{ vequitability, SI Simpson -8 Index) calculated
for each of the 20 equal.sections of the ‘small intestine of each of the .
82 individual birds: | S
Data on each measure of HSD in adult scaup Were testeds usingvan
‘ analysis of variance for différences associated with year and season }-,
‘ . NV o

. Each section was examined separately.' No significant differences were

found' therefore, data from all of the adult scaup were combined to give

T -'."L 33



Figure 3. Intraintestinal distribution of helminths recovered from.
~an adult.ﬁaié scaup'(AyfhyafafTiﬁiS) coilected”ané 7,

‘ 1974.at.C06king Léke,‘AlBerta.(see'Table 1 for data}-

Ff. 'Fimbriaria fhséiolaris, Ls'='Lateripbru8 skfjabiné,

. Hm = Hymenolepis Micrbskfjabini,fﬁtv=”H.‘tuvénsié,’

Rp Retingmetfq pittalﬁéai,'Hs = H.‘spinOciPPOSa,‘ffiu

Ha

(]

g H- abortiva, Pm.= POZymOI'phus ml”iZ'l:s ’“ -

‘Hp = H. pusilla)
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a 81ngle value for each sectlon (Table 6). A one~way analysis of
variance of . these data indicated that for each measure there was a
significant variance assoc1ated with location (section number) and that
most of this variance could be explained by a regression of HSD on
'location For J only the linear component explained a 51gnificant
component of the variance for H' and SI a quadratic regression
accounted for ‘the maJorlty of the variance and for S the quadratic N
regression accounted for mos't of thervariance but a s1gnificant portion
was accounted.for by a cubic component (Table 7) The regressions for -
each of theseimeasures of HSD in adult scaup are shown by solid lines
Jin Figure 4 | | \

. The patterns shown by H, J and SI are fairly consistent with o
;diversity declining throughout but with relatively little loss of
'diversity through the anterior two—thirds to three-fourths of the‘:
intestine followed by a relatively rapid loss of diversity 1n the.
_;posterior ileum (at least in H and SI) The number of species (S),-
however, demonstrated a different pattern .w1th max1mal values 1n the

oo

third quarter of the intestine This different pattern was apparently

-,due to ‘the presence of high numbers of relatively rare species in this

.part of the 1ntestine._ The populations of these species were low o
'and consequently they had relatively little influence on the other

..'measures of HSD

| lf Similarly, data from ducklings were tested for differences associ-'lﬁ L

"f.ated with year and age class, testing each section sSbarately. Agains;v

fl»no significant differences were found , Therefore data from all

*fducklings were combined to give a single value for each section (Table 8);;]}}5

-



‘Table 6. Meaps ? standard deviations of helminth species diversity
o - alon§. the small intestines of 30 ‘adult lesser scaup collected .
during the summers of 1973 74. from Cooking and Hasﬂings Lakes,
Alberta L _

e

Section of ) - : _ : o : o o
~ intestine = - S* - . B : '_;J ‘ o RN &

CTHL3 56540 o L56E34 1.70%.74
2,743 55835 . .s4£36 . 1.61+.70.
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Figure'4.-

'.S | Simpson s Index)

.Patterd of inﬁfaintéétinéluﬁélminth speéies diversity

along’ t:he small intestine of adult (solid 1ine) and

dduckling (dashed line) lesser scaup (S number of

dspecies, H' s Shannon diversity, J = equitability,»f:

) .; -
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Table 8.

Means ?#

along the small intestines of 43 lesser scau

~

standard deviatiens of helminth species diversity -

collécted'during.late July, 1973-74 from Co

Lakes, Alberta (abbreviations as in. Table 6

p ducklings

oking and Hastings

Section of
intestine

ST

R R N AR © Y IS

R e -
i T T

1.6+

2.2¢

2.4

L 4.3A1,
4141,

Y
2,941,
2,741,
2.7%1.
02,641

S 2,081
R Y
13,
1.2t

3.141.
3,641,

3.2#1,
3,141

6"
1.7¢ .9
9
9
.

0
>

1
$3.6£1.3
4
1
T
b
5
SR
.
8

7

el

. .56£.38,
.53£.39 X\.« -

S57£31 N
Cae£37 L

L9t )
L2787 )
Coaak22 N

+.:28

38

\

1

.36

.29
.86

29 -
27
2
19
22
28
a0
270 "
s
33

. 1.21:.29
1.19£.37

1.42£.49

42

1.46%.35.
©1.94%.60
.1.882.66
.4t
1.924,73
Y 1.994.85
LseEs3
166247
CU1.682.67
L 1.66£073

S1.65¢.54

"» 2 1;51£.53aff.

L2720

12363
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‘there was a significant variation associated with location.' There were

- tine excep

there‘are,si

An analysis of variance for these data indicated that for each measure’

signlficantﬂcurvillnear regressions on location (section number) for

~all of th{ if,(Table 9). In each case diver51ty was low at each

;nd high throughout the m1d~region the patterns
fitted by quadratic regressions, those of S and
ﬁ-‘by cubic regre351ons The- pattern for -each of these »
;in ducklings are shown by dashed 1ines in Figure 4

‘fhat the. patterns of intraintestinal HSD in ducklings |

; change to those of the adults. For this to occur there
must heﬂ A:ping of diversity in the mid-region of: the intestine and
an.incre; v;n diversity in the anterior region of the intestine. There |
. ﬁ‘little change required in ‘the posterior part of the intes-

}r a moderate increase in the number of speciesr

'hIntra1ntest1na1 He1m1nth D1str1but1ons

-rﬁithé,f ion of species distributions along resource gradients

"T_parameters of these distributions that are of interest.

(28

g One of thelmost important of these is shape.- The simplest assumption

' concerning the shape of the distributions is that they are normal

e .

bell—shaped ones. Therefore, the intraintestinal distributions of the

populations of each of the. dominant helminths in each adult or ducklipg

x‘,

.;1 was. tested for normality by the Kolmogorov—Smirnov test _ In no case did the

distributions differ significantly from normality. Hdweven, populations pf”

B of F. f‘ascwlams and H puszlla did appear to be truncated. at the SR

';t anterior and posterior ends of the intestine respectively . In addition,
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- 4t
distributions of some other species appeared to be truncated at the ends
B of contact with certain other spec1es The 1atter w1ll be covered more
"extensively in the section on 1nterspecific 1nteractions..
Since these distributlons are essentially normal three additional.
perameters are of 1nterest: location, dispersion and hurtosis. In
. "N
the following, the median point of distribution (i.e. location’ of the
median 1ndiv1dual of’a population, abbrev1ated MP)'w1ll be used as ‘an
- index of location . the range (R) as an indicator of diSperslon, and
Culver s.(1972) measure of niche breadth (B) as a measure. of kurtosis.”
The dominant helminths of adult scaup occupied characteristic -
locations along the small intestine.; The median points of each species
were normally dlstributed and had remarkably low variance (Table 10)
This 1s a very important feature of the intestinal helminth community of.”
scaup Because of this: species were found in characteristic sequences i;
and each Species was aSSOciated W1th a characteristicAgroup of other '.h
- spec1es. The locations of the dominant species in 1ndividual birds'
| appeared ‘to be 1ndependent of their population size in those birds, in 1
jno case was MP 51gnificantly correlated with N. ‘. ‘ j.ffr' - |
chranotaenza coronula had the greatest variance in MPﬂ AThis
‘:uariance may be somewhat misleading.» This 1s é)large worm often spanning

: several sections, its location was taken as:. the location of the scolex.

If I had used biomass hs a measpre of 1ocation th%s variancevmayrwell o

fhave been reduced N .

End points of distribution were also fairly consistent within

'_species, and showed approximately the same variances as Mle;able lO)

'.However, the ranges within each species appeared to be somewhat.more g’f

[
e

.
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variable. Between species -the ranges appeared to be fairly_consistent,

~with most species occupying 20 to 30 percent of the intestine. There

- was a tendency for species located at the ends of the intestine to .have

somewhat smaller ranges; otherwige, there were no correlations of .

-range with location. What the range is dependant upon iS»population.
size. For most speCies there was a significant correlatlon between R
and ‘N (Table 11) Amongst the. hymenolepidids H. sptnocirrosa and
A, abortiva the species with the. greatest numbers, had the largest
mean R, : |

'_.Niche‘breadth the measure of kurt051s (or a measure’ of ewenness
of distribution), showed considerable variability both within and V"e
" between species It showed no correlation with MP but was usually
- significantly correlated with N, R or both There was no change in

_ niche breadth (or in location or . range) due to season or year in any of
. . .

the dominant species. :

These observations indicate that in adult scaup each species of

:helminth occupies a: predictable location along the intestine and as the -

J

size of their pOpulations 1ncrease, individuals are dispersed evenly

from their optimal points

In ducklings as well the dominant.spec1es occupy characterlstic )
v locations. Although the general region of the intestine occupied does
'not change, there were significant variations in MP. with age in most’ of

the dominant helminths (Table 12) Four species, F fhsc"olarzs,‘n.

‘4change with age. Three other spec1es H abortiva (F 8 63, p < 01)

47

A "iH aZbertensts, H. spznoczrrosa and H. tuvenszs showed no significant O

A. puszZZa (F 4 81, p< 05) and D coronula (F 5 27, p < 01), f;"
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TabléAll.° Intercorrelations of-ranges occupied.(R);.populatioh_sizes
(N), and evenness of distribution (B) of the dominant

~ species of intestinal helminths of adult scaup,

_kHelminthbspecies - .1- R%/N

X ;

B/N

B/R

. Fimbriaria fasciolaris. .15
Lateriporus skrjabini. =~ .20
" Hymenolepis recurvata 42

H. mieroskrjabini S 63k

~ H. spinocirrosa - . . 52%%

'Retiﬁometra‘piftdlugai" o . 69%kx

‘H. tuvemsis = R '58***<,
.'H.'abortiba_ o L LG0RkE

®

Polymorphus.ﬁapiZis o , '62*;*3

:'Dicranotaenia'coronyla L BB%R%

H. pusilla . - RN | S

I

-.06

L T5KKkK

-.02

.36
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Table 12.

I

Intraintestinal distributions (means i
of helminths from 46 lesser scaup ducklings,

+

SD) of the dominant species

(Mean values are shown,

only for those thac show no significant dif ference between ages )

(18814

49

1%

458120

2448

398150

' R - Host v Median End points piche
Helminth species =~ age m N point  distribution Range 8) .
1, 5 8l¢ 57 143 0 43216 43116 .57¢.11
o Ip 10 70+ 66 13£3 2¢# 3 35:11 31#14 .52¢£.06
PSR . . Ic 10 90t 70 9+ 3  Yr2 31+ 5 3146 .51£.06
Finbriaria fasetoldris 1. "y 144 75 1123 0 33t 4 33t 4 53406
Ib- 8 89% 40. 94 O 29t 7 297 .44t.09"
i x © 13 L6t L - 33£.9  .51%.08
| | I, 2 204 25 63t 7 55t14 70+-0 15¢14. .23%.32
TP PP I SNt S AL 0 15 t
Hymenolepis fausti  yyl 5 g0 112 13t 7 3 4 25621 23825 13347
| .. IIp% 6 703t 648 53t29  18#33 71#29 53t34. .51%.30
. X . S S o .
— — — . 1
I 3 3t 1 26:3 . 159 .32¢617¢3 ,26¢.08
. p 1 2 & . s 108 .5 .0
o 1o 6 - 6t 8.236 196 33£6 13t8 .18£.20
k c : -8 : : : +18z,
Lateripgrus skrjebint ;10 ' 6 9t 9023410 -8t 7 34tl2 16f 7 '.25%.
o S In, 7. 29%137 30410 23 9 372 14£10. .21%.19
X L T 1627 29t 7137
o Ta 5. 103¢ 99.27¢7 - 13£10 43t B 30413
| I, .8 - 75t 94 22¢ 5 8% 77733 8 .24¢12 .39%.11
SRS Io 11 4284653 30+ 5 12¢7 43t 8 3112 .41l
#. microskrjabint II; . 8  287¢ 256 26¢ 7 7t 8 4046 31 6 .43t
| 11 - B 6l6£ 565 3425’ .142.6 4S5¢ 6 30£11...35¢.11
B+ SRS P S ST ARV S E S )
1. 5 2344153 3825  9#13 53N8 44213 f.sst;
L T, 9 1392175 36t 6 14177 '49¢ 8 32£19 .27%.15
‘ o I, 8 2094158 34%12 - 16*13 50%10 34714 " .38%.08
H. glbertenais 11 70 120 138 374#.4  17£15° 47:10 30423 3118
‘ ‘ 1L, 5 - 160% 186 37# 4 .30t 4 45t 6 15% 6 ..24%,13
X : e 36t 6 T - 49T S
ST A _ e T _ L
DIy 5 438% 426 .45£ 3  27+°3 60£127 3312 .48%
R Ip 9..1350£1077 40 6 - 13£'9' 73218 60£19 .60%.04
AR PP CI. 117 669 419. 42t 3 252 9. 59% 7 3111 *.43£.09
. H. spinocirrosa - TI; 8 1784% 897 42 3. 25¢ 8 U69£11° 41220 .54£.07
Iy | 8 1680£1952 44# 4. 2911 6111 32£15 .36%.16
D S < 64112 48%.11 .

P

08

21
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Table 12 (continued)-
0 ; T Y Ni h
o Host . _Median End points @ ' priche.
Helminth species - age n . N ©" point  distribution Range (B) .

L S : .
38 32 47+ 7 33t 5 58+13,.25#13 .39%.23

., 5
_ . . I, 6. S0 .43 3711 © 26£14. SLF10. 25¢13 .27¢.13
| je. o 1o 11 137# 173 4247 - 34¢10 53t14 23214 .34%.22
i twensie." I, 8 . 284t 1&5 39¢ 5 28+ 5 61210 3314 .39¢.08
‘ T Iy 8 540f 473 4245 30£11 61% 7 32413 .42%.08
S & C 4117 30t 8 'S7:11 28£13 .36%.11
S la 2 v39827 70£ 4 682 4 8567 18211 .14%.10
_ ' . Ipb -9 76¢ 58 59t 3 514 4 73% 6. 224 8 .39%:11
- . Ie" 9 155¢ 214 58+ 8 S16 7149 20410 .34%.12
”'-qé?rttvq : Ilg 7 200¢ 168 58 2 - 51% 4 "74%°5 24% 6 ,42£.15
S » IIb 7 448% 302 58%. 4 51t 2 71# 9, 2048 .32£.11 .
X © . 54t 4 75:8 21t 9 .324.12
Ta "2 1+ 0 75£11° 73#10 78t11 S5t 0 0
‘ Iy 67 4t 3 76 8  68£11 82+ 9. 13£11 .24£.16.
' AP Ic 8 5t 6 63f11 S8f 9 73£12 ©15$10°. .22t.16 -
- Polymorphus marilis . @ - 5 33 2 6628  61+'9 72+ 8 11% 5 ..23%.08
CLo Iy 100 12¢ 13 7269 61+ 9 83£10. 239 .34%.13
S & S et 9 78410 13277 .21%£.15
Ta 2 3 1 T1£5 6324 8560 23t4 .30210.
‘ Iy 4 2t 2 73+'9 6911 784 7 . 9% 8. .12¢£.23
TR I 5 3t 1 63t13 58414 75£13 17414 .23%.15
Dreranotaenia coronula ;= o3, oy 69£15 6214 81#11 19#18 ,17%.15
| Iy, 7 8t 1 52620 - 37¢-9 78214 28416 -.28%.18
X S 58£10 79t 9 194127 .
Ta. 4 49t 31.79t8 61%°6" 962 5 35¢ 9" 524,09
- o Ib 9 769+ 71 78% 5. 65t 5 91+ 7. 21415 432,09 -
8 pueilla - - Lo -1l 1542130 77£.7 - 6249 95¢ 6 25416 ,484.12. - -
Aopustlla =0 qr, g 2366103 78£3 64t 6 9B% 4 34t S S0£.05. -
st Iy 8 3265157 84210 6316 984 36Z 4. .502.06 . .
S X UL 63% 60962 5-°30£10 . 149208
S "Includes.-#. ducklings with u'nusujérlly high population of .H. fausti: '
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showed apparent.directional-movements'. Hymenoleprs aborttva and D, |

coronula were located progressively more anteriorly whlle H. pustZZa

was locatLd more posteriorly The other, species H microskr7abtn1

L. SkPJabtnl and P. marmlts,4showed s1gnificant variations (p < OS)p

k between age classes but these changes appeared to. r;}lect jostling

rather than any directional movement.; In no case_waS«there 'a signi-

',ficant correlation between.MP and N.

The ranges and end p01nts of distributions of the dominant hel-

" minths of ducklings were fairly consistent w1th1n spec1es ' Hymenolepts o

alberten81s was the only spec1es whose‘range changed significantly with.
.'age of host. In the Ia ducklings 1t occupied 44 percent oé;lhe 1ntes-'*
btine but,. by the IIb age category, its range had decreased to 15

e-'percent Despite this reduction in range there were no- differences in
"location or posterior end point, the restriction appeared‘to be due

‘“dsolely tb ‘a- restriction of the anterior end point.; This decrease in

.n.range was not correlated w1th a statistically.significant decrease in ; b ?t

'i Population siae. ::; g ';.,_‘h.iﬁ;gf' 3:r‘= i;;:" :.:;:;.. f:”r'~ 'tdi‘;:

| There were few“signiiicant correlations between range of a‘partic;.dfv

' ular dominant helminth in an individual duckling and its population size

:?rln thao duckling However, this analysis compared ducklings of very

'ﬁgfdifferent sizes. To account for these differences the numberxof worns']TT‘5

dlvided by the length of the intestine. The resulting adjusted

' "population sizes (V/Cm) were significantly correlated with range for all f~:

“ ”;= dominant helminths except H fhustz and H tuvenszs (Table 13)

Once again niche breadth showed COnsiderable variability within 2

- and betweeh species It showéd no correlation with MP but was usuallv B
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L58%

.05

. S0kK

.08

.:56***

LA
_1_52*;*:
A;;46* i‘;‘

’

O

st

4_Dic

ranotaenta coronula

STAR L Jgak

'{‘;27’ : J f64**f =

.28
T
f_e.62‘ '“
L34

17

14

| "-01
-.02
Y

19

33 LBgRAX
206 12,
L6gkkx L2

L

.38% - 229 0

TR
Sl gmes
1;17{3-;; :;lqé?f .
AAi;5g§f;1"} 26
".57¥f;“ ; .35

k&

Y

*Om

= dependent variable '
»!5P<}0§h”:
=p<.0l 0
-p<.001

.-.1ndepen§eh:’yériab1e .L

52



’ significantly correlated with N/cm (but not N), Ror both. '

It is apparent that the dominant Spec1es occupy the<§ame general

'region of the small. intestine in both adults and dﬁckling scaup - The

median p01nts of H mtcroskrgabtnv and H spznoczrrosa did not differ L

51gn1f1cantly in the twe groups In additlon, the location of K.
-pittalugaz (in adults) was indistinguishable from that of H aZbertenSts
(in duCkllngS), this provides additional evidence for their belng .~~’
'~ecological equivalents.' Other species shOWed significant differences )

fin MP between ducklings and adults, as. might be expected considering

‘the changing distributlons in ducklings When the distributions of the
| dominant helminths of adults were compared with those of the oldest 3
_ ducklings (IIb) there were fio 51gnificant differences in MP It would

'appear that these changes in 1ocation in. duckllngs represent ontogenetic

- ¥

- adjustments leading to the normal pattern ‘of distribution 1n adult
l"'scau g A | ifjl’“--. | '

: Essentially the same processes appear to be operative with the

‘Lranges of some species HymenoZepzs L nd P martlts have smaller

7‘ranges 1n ducklings than adults as might be expe ted from their markedly
.;vsmaller population sizes Fzmbriarta fbsczolarzs and H puszZZa, located »f;
,‘jiat the ends of the intestIne have much larger ranges in ducklings than.f

'in adults The process of compre551ng the distributions of these /T.

- fspecies does not appear to be Complete 1n dUCklings of this age.. i;kga

‘-4v-. a

Hymenolepzs fbustz Was the only species that did not show 4" con— .h?“
' 31stent, characteristic location., In adults and in tWO IIa ducklings
iT(Table 12) it occupled a narrow range in the anterior region of the'i ;' ‘

“n@dintestine' However, in two Ib ducklings it Was found in a narrow rangef‘l';'

T
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just posterior to the middle of the intestine. In sik IIb ducklings its
R : .. ’ . Co . ’ "\\ . Yo T o ‘\-: . -
~population sizes and ranges occupied were variaiie; including some duck-

ghoyt the,intestine.
.

-

“lings in which it was distributed virtually thro

ere essentlally absent .
A\ o

These cases w1ll be con81dered further in the follow\ng section

~In these extreme cases the other dominant Spec1es

InterSpemﬁc Interactmns :

The sequential distributlons of . spec1es along the small 1n'est1ne are E
. the’ most interesting aspect of - the helminth community o‘ﬁscaup, si ce they
" raise the question To what extent are they due to 1nteracttve segrega 'on9 .

. \
:‘(Holmes 1973) -oThe answer to that question is difficult to obtaln from

Thh

“field data Several analytical approaches ‘such as recurrent group analy31s
“Elager 1957) and TAXMAP cluster analysis (Carmichael and Sneath l969), a-
ffvarlety of manual sorting techniques, such as dendograms and constellation
‘diagrams, and various statistical analyses such as multiple regre331on
'f‘techniques,vcorrelatlon matrices’and analysis of covariance were used in ;17
e attempts at initial screening‘; The'results were not particularly useful
As an alternate approach the habitat hiche overlaps (HNO%/(as “# g

I

} measured by percent srmilarity (PS) of distribution, see p 9 ) between the stf

”=ljdominant specres of 1ntest1nal helminths of adult scaup were organlzed

f};into a trellis diagram (Macfadyen 1964) (Table 14) As expected from the"
Ef,general pattern of distributlon (Table 10) each Species shows the greatest»5 §
/’“m:.
’ )

".F0verlap with adJacent specles.; In addition the.data showed four oVerlap- SR
*;ping groups of Species in adult scaup (these groups are blocked*off in
| h‘.Table 14), with moderately hlgh overlap values within each group and

o relatlvely low overlap values between species not in the same group
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Identifidatidn of such groups allows onebto foc&s attention on the.
‘most likely placesxghd species to find interactions. Within'each group
most of the speCies overlapped broadly (1 e.,. HNO 15 or more), S0 a?at

_their niches must be separated on dimensions other than the Spatlal one.

(represents 2% percent of the HNO s). Low HNO's (1.e., less than 15)
: ¢

between spec1es in. the same.group (ll percent of the HNO s) might be
'”ekplicable'on~tWO.duite different grounds the spec1es may be located at -

-opp051te ends of the groups or they may show strong negative 1nteractions.

: J
The only cases in which the two . species were not at opposite ends
Ad

thusvsuggesting‘negative-1nteract10ns were. H. mzcroskrgaptnz with' H.
recur'vata or H_. 's'pinnoéir;rosa : Hymenolepzs mwroskr,yabzm andA H. recurvata '
:,occupy essentially the same reéion of the intestlne (Table lO), but show .'
,very little overlap (Table 14) Hymenolepzs mtcroskrgabtnt and 3 |
sptnoczrrosa occupy somewhat different parts of the intestine (Table 10)
' andjshow relatively low overlap; however,htheireoverlap was the only_one ;
that showed aisigniticant increase throughout the_summer: ''I’he_r..e‘l:.itionq—j
"ships.between thesé;three specieslwill be‘considered'in:morg?detail later l
~lin;this section.d‘i.“/ .-A’i.;:ifif_ . : o '/‘ “
- The remainder of the HNO s in Table 14 can be div1ded into two&groups.~“.
First .Spec1es whlch do not. overlap, so that any 1nteractions between N |
:;them must be medlated through the host (35 percent of HNO s) Covariance5‘:

'j]analyses gave no ev1dence for such 1nteractions. Second spe01es with

low to moderate overlaps (HNO s l—lS), although there may be interactive

- v
- 3

: segregation between such Species, most appear to be separated by pre— ;
faferred location. .~j"

In a second effort to screen the data for interactions between species,

2)' Lo R . SR T 5 o Lo . s

o



e,

mean values 'the.“displaced interactions " Data from. blrds with HNO'

'the followlng four categorles

”domlnant Species are glven 1n Appendix IV.

| | @ 57
the HNO's, at the level of the host indiwvidual, were grouped into: :

@
’ N .

(a) those which did not differ significantly from mean values, the “char--
acteristic”‘values,‘and;(b) those’which differed.significantly from the

>
s

in the two. groups were then screenedAfor 51gn1f1cant differences in.
faunal comp031tlon relatlve abundances; medianﬁp01nts and/or end p01nts'
of'distributionr Although over 20 sets of "characteristlc and "dis=
placedh’groups were-screened the only species in which the end points

of dlstrlbution dlffered 51gn1f1cantly were H. m%croskrgabtnz H

RN

_ recurvata, and H pznoczrrosa\ There were no.'1nterpretable4dif£erences» g

‘in‘relative abundances or locatdon.

Both screenlng procedures suggested that interactions between H.
\ .

'mzcroseraban H. recurvata, and H. spznoczrrosa wete parficularly '

importanc. Focusing on 1nteractions between these three species,

B

the communlties in 26 of the 30 adult scaup could be placed ;nto one of

s

(A)~ All of the dominant spec1es were pvesent and characterlstlcally :

‘dlstrlbuted but the1r population s1zes were relatlvely low. Flgure SA

4

;»‘shows the dlstrlbutions and populatlons of three indicator species,

- B BN l . ‘/‘\‘

;F fbsczolarzs H abarttva H puszZZa and the three specieslgf partl@w .

,)r-

r‘ular 1nterest 1n f1ve adult scaup The dlstributions shown in Figure S

o el

‘fare the mean numbers per 1nfected b1rd for each section of the intestlne.v;v

: f

- ”u,Varlatlons in these distributions and the distrihutions of the other

.r,‘

. xjp'(Bf Particularly high pOpulations of H mzcroskrgabznz H recurvata f7
e . “‘._,? o -




Figure 5.

Alternate patterns in the structure of the intestinal

helminth community of adult lesser scaup (see text for

i explanation, Pf = thbrzarta fhsczolarzs Hf = Hymenolepts

fhustt, Ha = H abortzva Hm = 4. mzcroskrgabznz,
/ , .
= f. puszZZa Hr = H. recurvata, Hs = H. spinocirrosa).
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. C .
numbers; othér species relatively abundant and characteristically dis-
tributed (five adult scaup; Figure 5B). ®

(C) :Hymenolepts reeurvata high;.L. skrjabini absent; H. miero-
skrjabini absent or -in lowznumbers; other species reiatively abundant
and characterlstlcally d1stributed (three adult scaup, Flgure 5C),
" (D) HJmenolepzs mzcroserabtnz and-H recurvata absent or in

very low numbers, with 4 significant (p < .001) anterior extension of

the distribution of A. spinociprosa; other Species relatively-abundantf

3

and characterlstlcally dlstributed (12 adult scaup, Figure SD). It

shouid be noted that elght of the ten birds taken in August fell into

' 'this group. ; | I S h
The four adult scaup that were not included_in these categories

-

were two birds whichulacked:eitheer.'spinocﬁrrosq or H. abortiva, but

were otherwise similar to those in.the first category, and two other

60

-scaup in_which the“populations of H. SpinocirrOSa and’H.'abbrtiva were :

diSplaced, nonoverlapping, and separated by large populations of H.

tuvensts or H. mmcroskrgabcnﬁ (Fig 6) The latter two cases suggest

that. the characterlstic patterns of communlty structure can be altered

¥

by hlgn populatlons of certain species.

The same kinds of analyses were performed on. data from ducklings‘
as on.those from.adults.- AlthOugh in duckllngs the HNO s between the
dominant specfes'snowed‘three overlapping’groups of species‘(Table 15)
-as opposed to four in‘adults‘ groupings of specm ? were eSsentially»~
: the same in adults and ducklings. Two relat1Vel£]minor differences

‘were .the absence in duCkllngs of H. reeurvata, a member of the most

',,
1o

anterior group in adults and the replacement of R pzttaluga% by itS'



Figure 6;

A e . . . .

Effecés of high popplationsfof Hymendlepis microékrjabini

and /. (tuvensis on the patterns of intraintestinal -

distributions-of thé_othér'deinaht helminths of adult

~1esser.scaup~(sée:Figure 5;forvkgy to spegiés);i*‘

R N
E
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ﬂ?ecological equivalentuin duoklings; H. dlbertensis,‘in-dhe second o
group. More.important'differences were_the lower HNO‘s'between H.
tuvensis and H. abontiuq‘or P. mdrilis,-and theagreater overlap between

P, marilis andbﬁrlpusilld.i These latter differences appear due to the

| - more restricted ranges of H aborttva and P marilzs, and the greater
'range of Ha puszZZa in ducklings |

There'were a number of significant linear regressions of HNO on - - -
) 09
age of host These arye 1ndicated by. asterisks in Table 15; - The

:idecrease in overlap between F. fbscmolarms and H. mmcroskrgabznz can.
be accounted.for by the decrease in importance of H albertensis.ini_
'older ducklings which permitted H mtcroskrgabznt to occupy its
characteristic locatidn somewhat more posterior. lhe mature D coronula

l'in older ducklings were more anterior, thereby increasing overlap with :

H aZbertensts H mtcroskrgabznz and H sptnoctrrosa. Hymenolepts |

'pnszlla moved posterior with age resulting in a decrease in overlap
.\with H. abortzva._'_ o o | o
The . data from ducklings werelscreenedbby the same methods as ehoserEJ

: from adults No interesting examples of interactions were found Oflft
*the interesting triad in adults only two (H M1croskrgabtnz and H
sprnoczrrosa) were present in ducklings Their~interactions,inbf‘d
.fducklings were fairly consistent | | | Lt

'.;, By the time the helminth community’was established in the oldest
" age category of ducklings (IIb) ‘the overlaps and end points of distri—}sen
‘;bution of the dominant helmi;ths were’not significantly different fromj‘;ff
;those of adult scaup. /At this time the distribution of speciesf ;f{"‘“

.iresembled those in Figure 5B ~ A comparison of the distributions of “;'i‘f

ffche Species in this age class of duckling (Table 12) with those in



ﬁroup B" (Appendix 1v) shows an increase in.range-of F.'fﬁsciolar’cA
and 1. coronuZa and the prev1ously mentioned decreased range. of H.
faborttoa and P. marzlts Otherwise differences are 1nconsequent1a1.
However, the IIb ducklings analyzed above do not in&lude three*
ducklings that had hlgh numbers of H. fbustz This spec1eSAWas ’
generally present in low. numbers and was usually distributed in the
anteriormost region of the intestine,'as in Figure 7A However,‘at
higher populatlon levels 1ts range extended significantly posteriorly
.(Figure 7B ,C D) In two ducklings with the highest numbers of H
. fbustt,_the rest of the helminth community was essentially absent
iThe interpretation of this is unclear but the possible purturbating
"effects of H fhustt are. of - particular 1nterest and merit further‘
:research. | ‘ | | | -
\ : : :
One of the maJor difficulties in interpreting multi—Species'

interactions 1s the complete lack of information on distributions in
.f",‘\.. :

single species 1nfections. A limited number of obseryations Were made

on experimental and/or naturally acquired single species infections |
. PR EA

65

of #. abortzva and H spznoczrrosa. These distributions are shown in _”

KR

fFigure 8 Hymenolepzs abortzva 1s normally 1ocated posterior to H

‘ spznoczrrosa (Fig 5). WIth a relatively low degree of overlap (Tables

',14 and lS)W QIn single species infections, although the population85 L

;were lower, the end and median points of distribution of H sptnoczrrasa

Q.‘

, (five dbservations) were not’ significantly different than they were. in o

_‘multi—species infections However H aborttva (one observation) was.

11distr1buted somewhat anterior to its normal location, in esaentially
'the same location as H spznoczrrosa._ In a single experimental

.- ,4'_".\ ,’\*’T
SRS



Figuref7. Effects of different population levels of Hymenolepzs

f&ustz 0n the helminth communities of individual lesser

' scaup ducklings (see Figure S for key to species)

U
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. Figure SbD;str'ibup—ion of Hymenolepts spinocirrosa and H. abortiva
. in sirigl_e: and -éonc_tx'_frént'; :_l_nf‘e'ctioné.‘f ‘
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Roncurrent infection with these two species only, the small numbers = °
A . . . . . . )

- of‘each\present occupied abutting ranges.
.Discussion

The material presented above has clearly demonStrated that
spatial factors, spec1f1cally different 1ntraintestinal distrlbutions.
. of the dominant helminths, are of-major_importance to the-community |
ofvhelminths’inpscaup;i The most”striking‘feature_of the data»is
the remarkahlevconsistency in composition and.locations‘of.the.
Adominant Spec1es of helminths 1n differeﬁt scaup..'Although.this
“feature was most marked in. the’ adults (which represent the fully '
developed community), 1t was also apparent in the data from ducklings
as young as one week old. * | |
Although there appear to be no studies in which the consistency

*in location of individual species of helminths in individual birds ‘»fi

Nhas been demonstrated statistically, Avery (1969), Czaplinski

' ”'_(1973), Olszewska (1973) and Stradowski (1973a b) all comment on _:

the consistency of location of the hymenolepidids they studied i
‘-‘various species of waterfowl : ~f ;_J fffvfu ' | 3

At least some helminths appearito shom consistentiintrain—l~sp,
_htestinal locations in studies from different gepgraphical regions.and/of .
'i'different hosts ; The most obvious example is D coronuZa.'f;;“ .

“.»_Crompton and Harrison (1965) and Avery (1969) reported it from '_f"”

€

ﬂ:.the posterior part of the small intestine of- mallards in England

".This is the same general location that it occupied in scaup.' I ﬂ.

,addition, Avery (1969) reported I, fbsctolarrs from thejanterior fQ_ff'h

§ g



o f_dealing,wjargnaturally acquired muIti—species infections,,whereas B

region of the small intestine, the samé region as in my study.
However, Whitfield (in Crompton 1973) reported this,Speeies from the
posterior part of the intestine of "ducks". _This difference may

_be due to post-mortem migration; since I haverobserved a poSteriad'

movement of . this speciles in- birds whose 1ntest1nes were not frozen

in the fleld /

N
‘ , | . S
There are .other species in which"different studﬁes/have

reported.different 1ocations ) Mjmenolepco fhustc was reported from
the caeca of black ducks (4. rubripes) by Schiller (1951) In my
rstudy its 1ocat10n was variable but’ it was never found in the caeca.
fSimilarly, Hi aborttpa has been reported from the caeca of maliards
‘(Wisnlewski et aZ 1958) and black ducks (McLaughlin and’Burt 1973),:
17but in my study 1t was found between the 51 and 84 percent points
.‘These observations may be interpreted in -one" of two ways either
subpopulations of the same spec1es have different locations in .
| :different hosts,.or helminths identified as the same species are._
.1n fact not the‘sane.:, R T | |

A lesy radical change in location has been reported for Dtorchts
S

'ctefbnsﬁzt Avery (1969) reported it from the posterior end of

»the intestine, in essentially the same location as D cononula

Ain contrast Stradowski (1973a b) reported that th

found predominately in: the second half of the jeJunum and the first

/ L .p\iv“_i_v“ _v Lo

’-ihalf qf the ileum Hdwever, it should be noted th t AVery wasA

/
;:Stradowski was. working w1th experimental single species infections
When the distributions of the individual species reported in

this study were compared,.it was apparent that they were independent



palrs of SpECleS showed - truncated, abutting distributions, but in .

o borgh s Table l) llStS the predlctions of these models. In his

i7prediqt10n does not apply .‘hfgf .

Y.
and overlapping."There were few cases where ‘the endpoints of

Ay

distribution of different species coincided and none of these

y -

. .
5l .

1nvolved a SufflClent number of species to'suggest a discontinu1tv

1n the 1ntestinal gradient There ‘were ind1v1dual ducks 1n which
other ducks the same»specles showed moderate overlaps.

In an 1mportant theoretical paper Terborgh (1971) outlined

}

"three models to. explain the limits on the distributlon of spec1es

. \

»along enVaronmental gradients The models state that the occurrence

Qv,

: of species 1s limited by (l) phys1cal or biological conditlons

"~

"<fthat vary in parallel w1th the measured gradient NG Gradient"
. model) (2)“compet1tive exclu31on ("Competition model) and 63)

-env1ronmental discontinuities ("Ecotone model) Table 16 (Ter-

\

. AR
o

f_ftermlnology "amplitude" indicates the Species range along the .

gradient a ? erminus “is an arbitrary end point along a continuingf“

o

-gradient and a congruity\curve .is ‘a measure of the rate of change'

3

'”--jof spec1es along the gradient (Q'r details see Terborgh 1971)
‘Since the term1n1 in my study are not arbitrary points, but - e

‘i{represent maJor discontinuities in the digestive'tract, the last

e . 9
-3

a
L

It is apparent that my data agree with the rest of the .

'predictions for the gradient model EThis agreement supports the
'W”hypothesis that each spe01es of intestinal helminth is genetically
"3adapted to the conditions of a specific location 1n the 1ntestine S

;and therefore, that selective segregation (Nilsson 1967) is an

72
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~ erable distance along the evoluttonary sequence from‘interactiye

E

e

«dmportant factor in determining’ the ‘complexity of the community_of

intestinal helminths in scaup. These conclusions suggest that the
<species of intestinal helminths in scaup have progressed a consid-

N
A . - K e \
.segregation to selective segregation outlined in Holmes (1973).

They further Support.the hypothesis that.the community of intestinal

‘helminths in lesser scaup is a-mature‘one, whose‘diversitylhas.been

[ s 3

’established to an important extent through“biotic interactions.

Communities in other waterfOWl may show the same, general

A

'features.‘ Avery (1969) found that each of geven species of tape-{

worms® in mallard occupied a characteristic zone of the alimentaryg“

- canal and‘that-they formed a,sequence of overlapping,populations.

He presented this sequence diagrammatically Czaplinski (1973)

.

d1v1ded the intestines of swans (Cygnus olor) into six sections,‘

and found that each of the six species of hymenolepidids *hat

' .

' matured ~and were reasonably common was, most abundant in a: specific

section and was present,_but less abundant in adJacent sections.

Although the smaller number of species and methods of presenting

... the distrlbutions of these spec1es do not permit detailed comparison

with- Terborgh s (1971) predictions, the sequences’ of overlapplng
distributions certa1nly seem to favor the gradient model, and :

therefore the: interpretations made for the community of‘intestinal

2

‘1‘ helminths in scaup . 'lsb o o | ] ‘E.;

Although the precedlng discussion has emphasized the importanCe

-

-of selective segregation, 1t should not be coﬁstrued that inter- . .17

K; : R
:actlve segregation‘does not occur. - Although the:examples were N
S T g T ST '

0

o
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fewer, and involved a small proportion of the specdes,lthey did
oceur.’ The most obvious example involved the three way;intetaction.
betueen\ﬂ mLeros An/ab7n1 H(wrecurpataband . spinocirﬁosa. A1l

these species cen occupy the region between the iO and AOerrcent
Vpoints,.but‘not concurrentiy.‘ It would appear that moderate.popule;

tionslof“ﬂ. miLeros krzablnt and /. recurvata-can'co—occur,'withhno
epidence of.spatielbsegregation. Howevet, high populationsgof H
| microskrjdbini or A. rccurvdta.occutred only in the absence of‘theb |
: other. Either, or both, could.apparently enclude i, spihocirrosa;

In the Augustbscaup,«inkwhichvﬁ.'recurvatafnas absent and the pteva—.

lencedof H. micfoskrjaéini‘was'iow,_H.-spinocirPOSa'occupied this

area of the.intestiﬁe_and~attained high populations. -None:of these

chenges eppeated to affect the>distributions.of any of;the,otherl_
dominant species, therefore, the effects.on the'structureEOE the -
hcommunity'appeer’to he;putely locai. ; = ». . | T

. One of these_speCies,?H. mzcroskrgabtnz appear to be involved

in a second example of interactlve segregation. In yonng ducklings,

"o aZbertnn S8 occuples a substantial portlon of the small 1ntestine,

”between the 9 and 56 percent polnts In these ducklings, populations ofp 5
-H, bmicroskrgabtnt were relatively low. The range, of H. albertenszs |
qyas progres51vely reduced through exclusion trom the ;itetior
‘;ottion until in the IIb duckllngs thd anterior end point was at.
‘the 32 percent mark At the same time populations of H mtcroskrgabzntA
',_htncreased and occupied this reglon of . the intestine. When H. |
'1//"“/ nii W-N ‘lhsvnt. l“?’ljl,':l_f;!’f.'!f’l.\ls"’o,fl . ‘m_v,:_'m::l«;»,mbir'.z’i_ ‘we_re some—jf
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whut.higher;_sIn[n-ptevious séction'itgwas*pOintedfout,that"H;Q
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- albertensis wap an opportunistic species, replaced in adults by A.-

pittalugai. 1 appears*to e replaced in ducklings by 4. mieros kPJabLnl

s

" Less conclusi ev1denCe is available for 1nteract1ve segregation
-between 1. ahortiua ande.tspinocirrosa. In the.few single speoies
1nfect10ns, their, ranges.occupied overlapped broadly, but in multi-
spec1es 1nfect10ns their distributions.overlapped only moderately,‘

i

~and ‘in a few individual ducks they showed abutting distributions,

'. simllar to those Terboréh (l97l) predicted for competltive eXClusion’

| The number of overlapping dlstributions in a. section of the
1ntest1ne~and the: relative abundance of the spec1es occupying thOSe
d1stributions determine the diver31ty of the paras1te communlty in‘.
- that section : If 1t can be aSSumed from the preceding discussion
that the helminth Communlty of scaup is a mature ong, and if the

-additional aSSumption is made that mature communities are. saturated
then the diver51ty of the\helminths in any- section may indicate

- the d1vers1ty of available niches in that section If so it would

dappear that the diversity of niches decreases alOng the intestine

‘of lesser scaup | | |

It must.be empha31zed‘that ‘in . this study, no attempts were

made.to determine the dimen31ons on- whicﬂ niches could be.separated
in‘an individual section It is very likely that trophicidimensiOns
are inVOlved On the“531s of the work of Schad (1963),Wertheim o
(1970) and Inglis (1971), a: radial dimension\of the spatial component s
may also be involved All of the parasites ih this study attach ;;» ‘

to the mucosa, bqt there may be a differential location of the

\‘vstrobila or body of different worms using the space between villi ;'i"

IR
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or folds, rather than the central lumen. Observations on cross-

sectione-from various locationslaiong the small intestine of scaup-

indicated.that the anterior regionlwas obvioualy Structurally more

- complex,'suggeéting:there may be more'spatial.niches available in

this region-oftthe intestinem | |
The‘process of developlng from a- nioneering community in

-iducklings to a mature one,‘comparable to that of aduﬁts, is ranid

The dominant helminths, partlcularly those in the mid region of the

aintestine (H.. aborttva, fl. r'pmocvm’osa, . tuvensos), attain high

' population levels in a. short period of timei -These features.are

_'1mportant in producing the parabolic pattern of diversity in duck— e

L ‘jlings As the community continues to: develop, populations . other‘

species.are acquired and/or those already present increase in |

number. TheSe fre the important factors responsible for the

'ﬂjdamping‘etfect(%n the Pattern-ef diveraity in.the midfregion ofihe”

intestine and the increase in diversityoinfthe.anterior region;;
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. L VI. GENERAL DISCUSSIONoh ¢ . W,
i : . : :;‘}_’w . ' .
Patterns of species diversity'along'resohrCe-gradients are
. . . \"" L .
generated by spec1es replac1ng one another within or between

,habitats Whittaker (1965) has termed the Tormer "alpha diVEfSitY" 7

' the latter "beta diversity" MacArthur (1960) pointed out that

' 'desirable to partition the total diversity of the data into its

2

':They are:

Within—habitat diver31ty must be understood before between—habitat

diversity can be considered D ’ ' L o -

ln a diversity gradient study such as mine, it is particularly

»

:component parts, s0.as to, distingu1sh the extent to which the
' regulation of species diversity is at each level If an indiyidual

‘ scaup can be COnsidered to be a unit of "habitat", two levels of

within—habitat diversity (a and Q ) and two levels bf between— .

'habitat diversity (8 and B;) can be distinguished in my study

R)

(l) a 1s the base diversity or thekaveraee diversity'within each
section of the small intestine and may be consmdered to be. the |
Adiversity assbciated,with radial andﬂor trophic segregation.‘»:"
i2) G 1s the additional diversity associated with combining

iisections within individual birds and may be consiigred to be

",f_the diver31ty associated with spatial segregation of Species..’5‘

L™ .. -

(3). (adults) is the additional diversity associated with

'dcombining birds within samples taken at the same month and
?lyear, and may be considered to be the diversity associated with
. f.alternate communities in different birds taken at the same time._

(ducklings) is the additional diversity associated with ‘ ;11
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" combining ducklings within age categories taken in.the ‘same o

' "year.. This may'be interpreted in the same way as Béffor adults.

',(4) BT is the‘additional diversity:dSSociated.with combining'adultsl

or ducklings from different samplest It wi bl inclugg diversity'
-J
N ° f . *",’ R
_ due ta temporal segregation, whether by year or’ season ' .‘:1 o

nd"‘ f

. Given the additive properties of the Shannon ﬂﬁrmula (Pielou'a'-'j
,1969 Allan 1975) it is posslble to’ partition the total diversity

'of the helminth communities of scaup into these different levels'
‘of diversity. ‘Thencontribution‘at each~level‘canuth¢nfbe idéntifiédl

Y
. "

(Table 17) »
In Table 17, the additional diversity associated with combiningn
{'adults W1th ducklings was not included There was one: pair of .
.:faspecies segregated between adults and ducklings and therefore, it
lais recognized th;t this would have a‘eoderate effect on total :

3community diversity In the following analysis, these effegts were

e L .,.‘Pv
. SRl

considered to be relatively unimportant
An examination of Table 17 indicates that overall diversity :Q_ﬂ;r'" iyo
"associated with temporal segregation (B ) was relatively unimportant

1;in the intestinal community of scaup The contribution at this 1evel :

'ﬂwas slightly higher in ducklings than it was in adultsl(9 and 4 h}:».
. ."Aﬁ R
.percent respectively) This is consistent with the'moderately f'\g;iffjic;:w';

"ifhigher values of diversity indicated previously for ducklings

‘r;”; The contributibn of diversity associated with alternate
Lff;fcommunities (B ) ‘was similar for’adults and ducklings (19 and 201{]?ilf
;inercent respectively) The relatively low Contribution at this "éiflitﬁﬁf”ﬁ’
Atlevel is not Particularly Surprising Since many of the importanttﬂ;if' T

..'

'
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features of the helminth community of scaup were remarkably |

consistent.

Intestinal parasites acquire nutrition: by absorption of . gut
'_iplumen contents aﬂh/or directly from host tissues. .Aspects associated

1fwith trophic wniche dimension‘were beyond'the'scope of this study.~

g

However, it is recognized that these features are- 1mportant particu—
. larly when one’ considers the distribution of diversity associated

. with the within section level (o ) (approximately 25 percent for R

e
adults and ducklings) The helminths of scaup are-habitat specialists‘v
‘l.[ and further research on their trophic relationships is warranted

WithOut question, the most important features of this helminth?'

.‘:community are those associated with spatial diversity It accounts

fpr approx1mately 50 percent of the divetsity for the helminth

fcommunities of adults and ducklings ' For the most part it appeax:s:.-~
'fto be due to selective seéregation by each species of parasite,,:f[f';-

””i} with some modification due to interactive segregation ‘These/j»,l.

R

.la_conclusions support two important hypotheses.

“'(l) Spatial segregation f!‘essential for the development of complex u;fil

Parasite communities ~»..y"4e‘fév‘ "7if‘ .'f7ghiv

At

(2) The helminth community of lesser scaup is a mature one,‘with ;.ﬂ

a 1ong evolutionary history

r
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Appendix IV..

Intraintesttnal distribution of. the dominant species of helminths from 30
adult lesser scaup compared with four alternative patterns of ‘community

.organization (see text for application).

Median

End Points of

1

s 713116547‘
Ly

'82; 9 .

Heluinth species ‘ Group tE N Point Distribution Range
Fimbriaria fasciolaris. - Total } 30 T 1943 316 8 4 0 19+ 8 19+ 8
. : A6 | 20% 16 8+ 3 0 17+ 7, 17+ 7
B -5 +135% 126, 9+ 6 0 20£10 " 20+10
¢, 3 lr 26 6+ 3 0 1710 17:10
D 12 393+ 426 8t 3 0 22¢ 7 22x 7
Lateriporus skrjebini . JTotal - '18/30 37+ 51 19+ 8 11 9 © 28+ 9 18411
: o : A 4/6 94 9. 23+'9 16+ 9 26+ 9 10+ 0
B 4/5 49+ 36 20+ 9- 5% 4 26:£10 . 21: 8

C o/6 . - o= - - -
) 7/12 © 37+ 48 0 17%.7 9t 9 26£.8 17413
Hymenolepie recurvata Total 12/30  320¢ 521 24411 109 36#10" 27:17
: : A ©2/6v 49t 62 30t11 ' 23s 1 - %é* ©10%0
B 2/5° ©  180¢ 238 8+ 7 0 A4Ur21 20221
c o3, . 788+ 926 289 ., 3+ 3 140t10 37110
D 3/12 110t 126 33: 5 12412 45¢18 33128
'H. microskrjabini Total  17/30 - 241947145  27+11  15:12 - 40t1l 25315
- : : A 6 .53t 18 30&£7 1911 38 3 19:11
B 5. 1687£1540 21+ 6 5% 4u 3927 034310,
C C2/3 106¢ 112~ 33: g 30+ 0 . 38 & Bt 4

) D 1/12 45 13 5 20 15
Retinometra pittalugai - Total , 23/30 71541616 40211 27£14° | 45415 27422
= C A 576 790£1576 - 53t 4 36£12 64112 13$12
. B 4/5 T 151252 40t 9 30216 - 51:I19 21129
c. '3/3° - 163t 88 - 41+ 3 35: 0  52¢10  17+10
D . 9/12 12002303 © 38210 ‘19410 © 5715 38121
. spinocirrosa -© Total  29/30  7609:6806  37+14 ' 18+13 . 5B+ 9 . 39414
‘ = A 6" 1699:1574 . 49+ 6 31*.6 64213 - 33$13
- s B 5 . 4640%2735 . 38+ 9 2310 56+ 7 33110
Coc 3 52905065 51t 6. 35¢ S . 63 8 28+ 8
D 12 1203346434 35:11. 8+ 77 .. 57+ S 48% 8
B, twwensis Total  25/30 ° 1218£2316 . 4%% 8. 35:10 . 61+11 . -25¢14
o A 56 89+ 81 48+ 9 " 29:20 60+ 9° .25+ 9
B 5 257284711 b4% 4.0 28+ 9 T 60+13  32%17
V¢ 3 . 1115¢ 665 . S4+ 3  37+8: 62t 8. 25: 5
D ' 9/12° 702£1067 - 49+ 9 - ' ,39: 8 . 58+12 - 19+13
 H. abortiva " Tatal | 29/30° 507715254 6458 - siv g 84%.9 30:13
: A 6 771928+ 989 ' 65t 4 53+ 5 - 84+.8 . 3112
X . B .5 5721£4406 59%-4 46+ 2 - 801l - 34210
. . C ) | 2313£2187 . 68+°0 ° 57+'3. 87+ 8 ' 3010
. D 12 ' 7. .50+6 33t12
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Appendix IV ‘(continued) . ﬂb ’
) . B ‘ Median- End Points o?\ .
Helminth species Group n N Point Distribution ~ Range » =
Polymorphus marilis Total 30' 60t 76,  66% 6 sit g 85: .8 33*12-
- o A 6 29+ 19 k8t 8 51t 9 - . g8¥g IR s
B 5" 50+ '48.  6Fr 7 - 52t 5 . 83%10 311l
c 3 15+ 15 68+ 0 - TEN 75¢.0 18t )}
D. 12 93t 103  65¢-7. 49t g 85¢ 7 35:13
Dicranotaenia coronula Total 14/30. 27+ 27 73221 © 7010 _ 8911 18£10
b A 16 ~ 10. - 68 65 70 -}
B 35 2« 3 80#11 | 75¢10 - 88+ § 1348
. c 2/3 34+ 18 - 78+ 7 70t 7, 9311 23+ 4
. D 7/12 + 41+ 28 82:11 . - -70:12 92¢10 © 22:12
H. pusilla . dgtal © 28/30 2871+4081 90" 4 - 76t 7 99+ 1 1 22: 9
o ' -#A T a6 758 715 88t 5 797 98t-4 18 7
- B 5 2321:1884 - 87 2 M7l 7 100+ 0 . 29%+:7 -
C. .3 519t 307 91+ 8 80t 'S 100t 0. .20+ 5
D 11/12 90+ 3 7t 6 . 100t 0. 23% 6




