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ABSTRACT
p“piwthe'fifteensspecies of flukes referred to the ‘. genus

H;Haématoldéchugs’Lodss, 1899, in. Canada and the .United States,

nine.are'considered to be synonyms.of one or another of the six
spg;jeg considered to be valid.y"Species identification is
primarily based on the ratio of the transverse diameter . of the
oral:,sucker-to-the acetabulunp. {0/3), the anterior extent of the
ext:acaécal'Iébps along the ovary or testes, and orientation of
the qtes£§s¢f The - species consideréd*valid ares H..longiplexus-

1sta£fp;dﬁn1902:*§.,brévipleXusv stafford, 1902; :H;;vatibgleggg

Sstafford, 1902 - (= - H. similiplexus, = ' H. parviplezus, =

.fﬂ¢w22§i§ﬁ§i§;ﬂ#'ﬁ;ufloedae, = - H. upiplexus J); ~H..me

— . — Y e ———————

,S;affo;d,:1902:w§;:cogg;exg§-(Seelyi 1906) (= H. . coloradensis, =

confusus, = - H.' 0Xyorchis < )i ~H..keérnepsis Ingles, 1932 (=

;_gyﬁiggigggJ);yflnkes are discussed - using the name previously

considered valid. -

Jﬂd-ﬁrf§§§§§ﬁ§i§, experimentally reared in: the laboratory, was
}gse§ t9“study morphological variations resulting from changes in
téChhi@aprnOEedures and envircnment. .

Techniques - used to prepare study _ specimens - of flukes
affected. some - taxononmic characters.previdusly used to separate
species. The presence of spines, position of oral sucker, and
size of flukes were‘affected.by tempetatuxe'of-fixative,'and*the
use of distillea=water.,Pressuréwadded to -the coverslip affected
‘length and width of ovary, téétes, sucker, and body;;

The size of flukes, ~exp§rimenta11y reared in the frog,

.g?%ggggig§grwwas affected-by~tempe:a;ure at vhich“the hést was

maintained, - the numbers of metacercariae fed to frogs, and: the
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age of the worm, Host size and sex  had no apparent-influence on
fluke morphclogy. .
Sixty-day-old - flukes were experimentally reared in»either

‘R. pretiosa, B..boreas, R..clamitans, or B. aurocra..The effects

pf déyelbping=in different frog hosts were  to :alter the anterior
extent  of the extracaecal - uterine loops 'relative to the
poStexior.teStiS, the distribuiionvofﬂthe vitellaria, and the
size - and ‘shape of ovary, testes, and size of :the body and
.sqgkérs. The O/A°'ratio remained relatively  uniform in flukes
fromvail;hoéts;;

. Flukes recovered from frogs fed infected dragonflies had a
1a;geribody'sizef(length and width), larger testes and ovaries,
-an§=Jhad<.ExtracaecalﬁloopS'teaChing farther along the posterior
testis . than did flukes recovered from. frogs fed infected
- damselflies. .

- The 0/A ratios  for -H..longiplexus, ' H..breviplexus,

V~Hmﬁg,ggigggg;-ggpbuttensi§;~g.xcoloraaensis, and H. pedioplexus-
did._.nét- vary among specimens collécted : from different
localities, No significant difference in | this ratio occurred

- between flukes that had inhabited more than one host. .

~when - R. sylvatica- - was ~the definitive - host  than when

'By¢§até§héian§~ was the  host.  This ratio also differed

‘significantly1bétveenespecimensrCollectedqfromatuo:1ccalities-in

_Nebraska, - even though the host in both ~ localities was

- Re . catesbeiana. .

. Pooled data for H., .varigplexys- and H. sipiliplexus-

indicated that flukes from - R..catesbeiama,  R. clapitans,
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~§;@§i§léﬁs, ‘and - B. woodhousei -differed in their O/A ratios and

- egg. lengths and widths. .
Ovary and- testes may be lobed or unlobed. ' Bterine . lcops
;extendrifrom the posterior portion: of +the worm 'to near the

~anterior border of the anterior <testis in  H. varioplexus,

,gﬁ¢§g§;gg§i§;vandvg.uﬁarﬁibleXUS¢gTheaextracaeCa1=loopS‘reach to
- .the; posterior border of the ovary in~Hs breyiplexus and beyond
¢¢h¢.ap;9210r border of the ovary in H..longiplexus...

| In flukes containing extracaecal uterine. locps, the 1left

" loop  was ‘absent in 4.2% : of - the. - H. parviplexus-and 8.3% of

S Egg3 size - {length and*width)wdid_nof.varyugeographically*in

H. lcngiplexus, - H. complexus, H..breviplexus, - H. .buttensis,
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-oloradensis, or - H. pedigplexzus.  Eqg lengths of
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INTRODUCTION

Morphology is the principal standard used by
parasitological tayxonomists in naaming, identifying and
classifying most groups of parasitic organisms (Crites,1962). -
Physiological  changes developing in an organism as a result of
environmental variation may parallel morphological changes,
although the latter may or may not be obvious {Chandler, 1923). -

- As. pointed out by Haley (1962), there has long been a need
for . studies " to determine . the influence  of different ‘host
environments on ‘parasite ' structure, physiology--and behaviour.
Intraspecific variation may result from the influence of varying
environments encountered by a parasite among individuals of a
single host  species and, to a greater degree, from that of the
various environments encountered by a parasite in hosts of
different species.

Intraspecific variation among parasitic animals occcurs
.frequently and, according to wharton (1957), is similar to that
known to - exist among free-living animals. #harton also ncted
that differences resul+ing from intraspecific variability
present - taxonomic problems, According to Stunkard (1957), among
hermaphroditic self-fertilizing organisnms 'such as helminths, the
‘ ngenetic" species is valueless, and classification -of these
_orgamnisas must depend on the use of ofher criteria.A"The concept
ofA.species"; he states, - "nmust bei'based on a correlation of
.‘larvalsstfuctﬁre, life history, physiology, host relationships
and . morphological ' comparisons. of adults.® However, he states

that - "morphology 'is the main. factor defining . species of



parasites.%'»ﬁrigbt {1960) - disagreed with Stunkard in .that he
,¢onsidered.acceptancezofwthe‘ﬁgenetic" speciés 0 be -a more
constructive approach toward trematode taxonomy. . Mayr (1969)
defined ‘a species as: -"grodps- of interbreeding  natural
- populations . that are reproductively isolated from other such
groups. "

. Cross—- and self-insemination have been demonstrated - for
some species of trematodes (Nollen, 1968; Moseley and Nollen,

1973). .Reproductive isolation in concurrent infections has also

been demonstrated {Nollen, Pyne, Moseley and Bunker, 1975).,'

Therefore, the biological species concept could be applied to
trematode taxonomy; but, the sheer volume of expérimental study
required for :‘its adeguate application- makes it . difficult to
apply . to - more than a few thoroughly studied organisms. The use
of morphology in defining species of: helminth parasites will
remain for quite some tine., -

The genus Haematoloechus - comprises a - group  of widely
& distributed plagiorchioid flukes, parasiticr.in the lungs of
Amphibia.  No 1less than 56 species of trematodes have been
referred to this genus world-wide and, at one time or another,
have been allocated to as many as five genera, Odening (1958)

assigned all species to the genus Haematoloechus and -recognized

three major groups: 1) 01d World; 2) Australia; and 3): :America,
the: latter divided into three  subgroups: North, South, - and
Central America. He later {Odening, 1960b) employed four genera
for the same assenmbly of species.

The validity of several species in the North American

subgroup -has been gquestioned by Cort (1915a);, Manter (1938) :,



 and Harwood {1932). These authors indicated the desirability of
establisging_ vexpe;imental infections imn -the laboratory to
ascertaip 'specie$~ validity, The need for such studies on
intraspecific wvariations was also emphasized by Haley (1962). .
stﬁdies of ‘this type have been undertaken+ for several genera
e.g. . Telorchis by Watertor (1965); Prosthogonimus by Boddeke
(1960 a, b) and others,

The uncertain taxonomy of species of ,HaematoloechﬁS- seens

to  have arisen from primary reliance on morphological features
of sexually mature worms for which the degree of variation vwas
unknown; many‘spacies of=this.genus are knowh~frcm cnly one:type
specimen. . These  taxonomic characters, defined by Mayr (1969:
121).-as "any attribute of-a member of a taxon bf which it
differs or maffdiffet frem a member of a different taxon." Are
Asﬁbject to varied interpretations and technical manipulations. ;-

The complex life histories of digenetiC'trematodes iﬁclude,
in addition to the sexually mature adult in the définitive'host,
several larval stages whose morphology and developmental aspects
provide additional‘taxogomiq ipfbrmation. The developmenf of
f"haematoloechid® taxonomy is hindered by the fact that' life
histories have been determined - for only ten species,.” Krull
{1930, 193i) 'described ‘the 1life histories of H. medioplexus
stafford, 1902 and H. parviplexus-({(Irwinm, 1929). In 1932 <Krull
reported on - part of -the life cycle of g.g;gggigigggngtaffo:d,
1902. and, in 1933 and 1934 on all stages of ﬁ..gggg;ggggm(Seelyi
1906) .. The life histories -of - H. oxyorchis Ingles, 1932,
ﬁagbgggipiggggvstafford,:TQQQ;and*H‘;gggp;ggggfuere described by

Ingles (1933), Schell (1965), and Dronen {(1975) respectively. .



Thejlifgﬂhistory of«g.u§igili§:(Lcoss;‘189g) was described by
Grabda—-Kazubska - (1960), Ginetsinkaya'_and ngrovolskij-(1968),
and Smirnova and Ibrasheva (1967). Dollfus, Doby an@ laurent
(19690) investigated-the life cycle of H. bombynae-(Zeder, 1800). .
The. life history of ig,,§§pgg " Looss, 1899 was described by
‘Dobrovolskij - {1965), and by Ginetsinkaya and Dobr9y915k15=
- (1968) . . Many - of . the above life cycles are incompletely known,
and three are EBuropean. .

SpeCiméns.owaaematolbechusqsp.;collected by the author in

tbeg:spring'rand summer of 1974 in British Columbia indicated a
~great -deal ‘of morphological variation in characters - used to
separate species in this genus. My attempts to identify the
, yorms led tO‘the.conclusioﬁ‘that €ither ‘as many as six spécies
or as few as three species occﬁrred here, -

The purpose -of this thesis is to exanine some of the
variations- in mor phology of the fifteen species of

Haematoloechus described - from Canada and the United States and

to. use these data to aséess the validity of the  described

species.;This-will be done in two parts.

Part I:‘Expeiimental

_Labqraﬁory experiments investiga;e" ;he. mgrpholbqical
variation which .cccur in:- this genus by wusing - H.- buttensis
Ingles, 1936 as a model.

Rana-pretiosa  Baird and Girard, 1853 the usual definitive

e . YAy o i . e

host of H. buttensis in British Columbia, is used to determine
the effects on important taxonomic characters of host ambient

temperature, size, sex and number of worms present, Variation in



flukes, developed in different definitive hosts, is also
examined, As well, variations in flukes are examined when
different insect second intermediate hosts or molluscan £first
intermediate hosts are used. .

Aspects of preparing séeciméns for examination are

,investigated to establish their effects on adult morphology.. .

Part II: A. Geographical Variation:

Specimens of some species collected from various localities
- in Canada and the United States are compared and analyzed - for
morphological variation, :

Data from this part of the thesis have been derived by
examining speCiméns from new collections made by the author or
cooperating colleaqgues, These data are supplemented by examining
specimens borrowed from nuseums and other universities, Obvious
errors in the identification of borrowed specimens have been

corrected. .

B. . Examination of type specimens:

A re-examination of 9 out of the 15 type specinens
available has been done to determine the accuracy o descriptions
of the type material, .All species are initially considered valid

.and are discussed under their appropriate names.. A tentative
taxonomic revision is made at the end of the thesis. .

The rTesults from the above investigations should provide a
practical classification of ‘the species from the United States
and - Canada. It should also contribute infprmation on factors

important in the ‘delineation of species within other genera of



trematodes, as well as within the :genus' Haematoloechus.



LIFE CYCLE OF HAEMATOLOECHUS ‘BUTTENSIS -

Introduction:

.nﬂaegatOIOechus*Quttensisf Ingles, 1936 vas recovered fronm

gggﬁgggggig§g‘collected from a lake 6 miles east  of Greenwood,
B.C., during the summer of 1975. Frogs contained from one to ten
lung. flukes each. Examination of damselfly and dragonfly-naiads
fromhthe*same‘lake; ‘revealed ' that only  the damselfly naiad

(Ischnura perparva Selys, 1876) was infected with a metacercaria

similar - to that of othervaﬁggmgxgigggbgg; Spp. . Naiads of

I..cervula Selys, 1876 and the dragonfly, -Aeschna palmata-Hagen,

1856 in the same lake, were got:infected.ffgﬁxggygggzg 1i, Lea,
1864 collected - from the same location, contained cercariae, in
sporocysts, which  fit the: general description of. cercariae
previously described for other freg . lung - flukes. .

Stagnicolaéélodes (say, 1821)’and-Helis mgvﬁgi101v1§m(5ay, 1816)

vere recovered from the lake, but did not contain any trematode
infections. . These observationstuggested that: H. .buttensis had
as intermediate hosts the snail  p..nuttalli- and the naiad
Z.;perparva in B.C. .
. .Since the 1life  history of " H. buttensis - has not bteen
. reported, I had to determine the life-cycle before I could do
other experimental work on host-induced variability. The results
- are: presented here in. brief. ' A detailed account will be
published-éeparatelym{-

Materials-and Methods:
Sources of Experimental :Animals

Resources were not_availablevfor'establisﬁing and breeding



laboratory-reared stocks of all the hosts needed: for " the
experimental work. However, precautions were taken to select
stocks: of - hosts which were free of parasites. This was done by
examining' potential hosts from many localities in  British
Columbia. , Localities found to contain uninfected stocks of
potential hosts were sampled on at least +two cther subsequent
occasions. . |

The _.closest localities to Vancouver which contained
uninfected hosts were selected as sources for experimental
animals, Part of the sample was rechecked eve;y»time a new
collection was made. The 1localities and numbers of ~ hosts

examined are 'given below.

Physa-nuttalli - was éollected-from a stream 15 miles south
of Penticton. One-hundred snails were selected at random and

examnined for trematode infections., No infection was found.,

Naiads of Ischnura perparva were collected from a stream 15
. miles east of -Lumby. Fifty naiads wvere examiged fQ:'trematode
infections, All were negative for.t;ematode‘ jnfections ofv any
kind. .

R, ‘pretiosa was collected from a stream 15 miles east of
Lumby, B. -C., Fifteen frogs wére' examined :for luang - fluke
infections., .Al1l1l were negaiive.,Frogé.were’képtvan additional two
weeks gq allow -any flukes that‘ might have béen. acquired
natnrally to»mature epoggh‘yq be separated from eXperiméntal
infections. .

Damselfly and dragonfly larvae were identified by Robert
Cannings,“Provincial'MUseum;'Victo:ia@¢Snails’wgre identified by

Mrs. M.F.I. Smith, National Museum of Canada, Ottawa.,



Methods for Infecting Hosts

eggs of g;fguttggs;§ from Manning Park for one hour, after which
snails were washed to reéemoved. excess eggs and placed in finger
bowls containing dechlorinated water., Two snails were dissected
-one hour after  feeding on éggs.;Tvo.mdre"snailS“were examined
every hour for the first five hours, every three hours for - the
next 18 hours, then every five days -until cercariae enmerged. .
Snails were maintained in aquaria onm .a diet of Loiled lettuce. .

Ten - cercariae, shed fronm experimentally infected

Physa nuttalli, were: placed in  each of 50 petri dishes, each
containing one ;.ugggggggg'naiad.;Tuo naiadsivere~examined after
five hours, and an additional two every day for 10 days..

Ten frogs were each fed ten metacercariae, which had been
dissected from experimentally infected_nai;ds.1$w9 frogs were
necropsied at 5, 7, 21, and 30 days. A1l frogs were maintained

-at 209C on a diet of earthworams, .

Results and Discussion:
First Intermediate Host |
The eggs of H. buttensis were 0.024-0.029 {(0.026) mm 1long
by ~0.012-0.017 - (0.,015) - wide, operqulate,- light brown, and
contained miracidia when laid. .
Gravid worms deposit-embryonated eggs in the lﬁng.cavity of

- Rapa- pretiosa..  Eqgs - are carried - from the 1lungs up ‘the

bronchioles and through the glottis by ciliary action of the
lung : and -bronchicle cells (Krull, 1931). Eggs are swallowed and

were found in faeces upon passing through the digestive tract. .
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-Ihey.sink-tO‘the.bottom of -the pond, but do not hatch until they
a;e_svgllowed by the snail Physa-puttalli (Fig.1). Eqgshells and
somg;..mi;acidia.v are passed in. the faeces.. Miracidia in
- Peiputtalli  migrate through - the intgstinal wall,  Mother
sporocysts- develop in the intestinal wall of ‘the smail, or may
‘be found free in the haemocoel..Cort et al.. (1954)  noted ‘that
the "development  of mother = sporocysts in this way typically
occurs. in members of : the superfamily Plagiorchioidea.  #Mother
sporocysts have been observed ' in only three other species of

- Haempatoloechus: Schell (1965)  reported a mother sporecyst

belonging to H. .breviplexus. in the intestinal wall of -the snail
Gyraulus simpilaris {(Baker, 1919); Rankin {1939) demonstrated the
existence of-a‘mother:sporocyst.stagéwinfg.pgggéhagzgw; and in

- H.rcoloradensis, vhere Dronén. : {1975) = demonstrated . the

development of a mother sporocyst on the intestinal surface in -
the -snail physa virgata. -

Daughter» sporocysts developed ia-the.snail's hepatic gland
and- produced cercariae in . approximately - 30 - days. . Up- to 250
cercariae were shed per night by a éihgie heavily infected
snail, .Cercariae swam actively and survived up to 36 hours at

- 200C,



.f’ig'mre 1. s Life cycle of ..fHaen‘ratjdl*Q echus-buttensis.
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Second Intermediate Host

Under experimental  conditions cercariae infected the larval
stages of damselflies by penetrating +the abdominal wall -and
_Passing.through the the haemocoel, where they did not encyst. -
Metacercariae were also recovered from the head region, -but were
not seen to penetrate the cuticle of this area. Metacercariae
never encysted on the rectal gills of larvae,

My field collections of - potential ‘intermediate hosts

suggested +that the damselfly : Ischnura perparva  is the usual

insect host in British Columbia. Adult damselflies may harbor up
to ‘73 metacercariae, though this is rare. My field observations
indicate that two to three metacercariae per infected damselfly

is more common. .

Infectipn‘Offvefinitive Host

‘_A',FrQQSuvete experinentally infeqted‘thgough.eatingéxinfécted
,pgiads, but - they can also become infected by eating infected
adultxdamselflies-or dragonflies {Krull, '1931), The author has
- often .seen tenerals, - resting on stems of vegetation, captured
andueaten by frogs. .Experimental observations demonstrated that,
upon . being released from.the damselfly, the yocung flukes migrate
forward through the oesophagus, pass through: @ the - gqlottis and
enter the 1lungs by way of the bronchi, Flukes matured in about
14 t¢ 21 days..Lung flukes may remain in frogs for up to 15
months, after which they are lost and new ones take their place-
(Krull, 1930, 1931)..T have found up to 74 H. buttepnsis in a

single lung of R. pretigsa. .
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PART ‘I. MORPHOLOGICAL VARIATION

'1;VEFfECTS OF FIXATION AND FLATTENING ON ADULT MORPHOLOGY
Introduction -

Measurements  of parasites have long been considered of
significance in the characterization of new species (Ulner,
1950). . References +to measurements in the literature often'omit
precise information about the technigues employed.¢~?iattening
trematodes’prior'to measurement, or fixing worms in solutions of
_ dif;erent temperatures, may have a profound effect on their
,morphclogy.,Thesel changes. in morphology may result in new
species being described by _different-au@horS-using*different
techpigués._ltyis the:efo;e impo;tant-to examine the effects of
. various prepér&tory'techniques on fluke morphology. ‘

Several : authors who described: new »Species of
Haepatoloechus, did not record their prefixative and - fixative
techniques (Seely, 1906; Irwin, 1929; Harwood, 1932; Ingles,
1932, - 1936) . - Cort (1915a) usually transferred flukes . into
distilled water before killing them., This was followed by
killing the worm in either cold or in hot fluid. H.W.Manter
{communication - to G.aespencer,_193u)-also.used distilled water. .
Worms were then killed bylﬁlacing.them on a slide, adding a dro§
of killing solution (R.FiA,) to the wdrm, applying a scoverslip
and exeriing“pressure“on~the'covergléss to flatten the 'specimen..

Erull (1931: 222) placed flukes in cold water to relax them
and to get them-to shed eqgs before killing them. .This reguired
from. ten to sixty minutes, He stated that "Tﬁis'treatmeﬁt causes

no serious changes - in structure, except that parts of the
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cuticle " slough off." 4#Horms were then plunged into hot 70%:
algohql.;Staffordw(1902: 597) -states only that "worms are killed
. in a mixture of glacial acetic acid and alcohol."®

_,Charactérs considered by previous authors to be important:
_iﬁ.wdelineating  séecies in this group-are : the presence and
extent of extracaecal longitudinal folds of - the uterus, egg
size, degree of lobation of testis and‘ovary,-éeneral=shape“and
positién‘of-the testes, degree of spination of ‘the tequment, and
the ratioc between the transverse=diameiers_of the oral sucker
and.gthe"acetaﬁulﬁm {Pig. .2)+ A -description of ihese and othei

 measurements is given in -Appendix 1.

Materials and Methods

. To determine the effects of fixation and flattening on the
adult..mdr@hdldgy of ‘H. ‘buttensis I fed metacercariae, developed
in paiads of ‘the damselfly Ischnura perparva, to . each of- ten
~male, . adult Rana pretiosa of approximately the same length
=(55559.mm*snbut'ur03tyle length). . Twenty—one days 1later,- 157
gravid  adults were recovered . from the 1lungs of  these
experimentally infected definitive hosts, - oﬁe—hundred
thirty-five of- these. vorms were used to determine.the'effects
various preparatory methods have on some morphological
}pﬁazacte:s;,

Al)l specimens - were nmeasured and drawn to scale..  All
drawings were made 'with the aid of a Bausch and Lenb
,micropronCtor..Heasurements are in millimeters unless othersise

statedg;'
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Preparation Method I

This method investigates morphological changes in flukes
kept in one of +two commonly used pre-fixative solutions:
distilled water and amphibian Ringer®s Solution (Appendix 2)..

Three vworms were placed in each of eight 90 mm round:  pyrex
petri dishes. Four of the ‘dishes contained 25 ml each of
distilled water and the remaining four dishes contained 2% ml-
each of Ringer?!s solution (Appendix 2). .A11l of the dishes were
kept at 60C, . A sample of :three worms  from a dish of each
solution was taken at 3, 5, 7 and 10 minutes. .These samples Were
fixed in hot 70% ethanol, stained by the wnmethod given . in
Appendix 3 and nounted  unflattened on a slide using a number 1
cover glass (18 mn ég);;‘ »

The percen£~increase-in. a measurement is calculated by
subtracting: the measurement in Frog Ringer's so;ution-(FR)»from
the corresponding measurement in distilled water (D¥), dividing

the difference by FR, then multiplying the quotient by 100 %. .



showing principal parts of anatomy. -
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Results of Method I

. Ewenty—one—day 0ld worms fixed and stained under sipilar
conditions, but differing only in respect to treatment in
different pre-fixative solutions, showed considerable variation
in body length and width and the presence of spines on the
tegqument, . Body length and width of adults treated in distilled
water are greater - than those of flukes placed in- Ringer's
801u¢ion‘¥hy as ‘much as 30%and 100% respectively. Frog Ringer's
solution did not affect spination, but cuticular spines of worams
~maintained ‘in distilled water were lost (Table ..
. Differences 1in measurements of flukes maintained . in
.distilled - water compared with those of flukes in Ringer's
solution increased with time (Pig.3)., The progressive difference
in length and width -is '‘a result of an increase -in -these
dimensions for flukes . maintained in disfilléd vater.. No
significant increase in size occurred in. flukes kept in frog

Ringer's solution for 3, 5, 7 or 10 minutes, .

Preparation Method IT
. . I.- tested tﬁe.effect of -the temperature -of distilled ﬁéier
- and of Ringer's solutionvOQ.the:morphology of - H. buttensis- by
placing three wvworms in each of 24 petri'dishes-(described in
method I). Groups of four dishes were kept at either 6°0C, 200C
or .. 400C, One dish from each group was sampled at 3;'5{57~and 10

minutes. Post-fixative handling was as for Method I..
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Results of method II

- Body: length and width did not differ in . flukes maintained
in Frog Ringer's solantion at different temperatures {Table 2).
No significant increase in length or width .occurred when: flukes
from distilled water but at different temperatures were compared
at corresponding times, Flukes maintained in distilled water at
60C or 200C lose their spines after three minutes.,?Spiges were
lost prior to three minutes in distilled water kept at 4090C, .-

The body 1length and width of worms in distilled sater
increased with time. The percent increase in length .or width of
flukes maintained in distilled water, compared with that of
wormé sampled at 'a corresponding ‘time and temgerature, but from
FProg - Ringer¥s soluation, - increased with timez(Fiq.%ﬂY-JWcrmé,
kept in Ringer's: solution, and 'samﬁled at 3, S, 7 and 10

minutes, had spines over .their entire tegument. .



Table 1, Effect of pre-fixativé solution on some characters of 2l1-day-old H. buttensis.

Frop Rinpger!'s

Time (min.)
Character
Spines

Body Length

Body Width

Distilled water

Time (min.)
: Character
Spines

Body Length

Body Width

present

3.14(2.78-3.29)

0. 66(0.60-0.81)

present
3.33(2.91-3.50)

0. 68(0.57-0.75)

All solutions were used at _6°C.

present
3.28(2, 81-3,44)

0.63(0.61-0.71)

ab§ent
3.41(3.17-3.56)

0. 71(0.63-0.80)

present
2,95(2,73-3,30)

0.68(0.64-0.77)

absent

3.56(3.40-3. 89)

0.89(0.76-0.98)

10

present
3.26(2.90-3,50)

0. 65(0.53-0.70)

10

absent
4,57(4.30-4,81)

1,35(1.12 -1, 44)

61



Fig. .3

Percent increase  in body . length:  and width of

flukes maintained in distilled water over - those

maintained in Prog Ringer®s solution. .The percent -

increase  is - calculated by subtracting the
measurement in Frog Ringer's: solution - (FPR)  from
the corresponding measurement in distilled water
{D¥), dividing the difference by FR, - then
multiplying the quotient by 100..

%#I= (DH - FR) /FR x 100

20
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Tadle 2, The effect of iemporaturo on morphology of 2l-day old H. buttensis reared in
R. pretiosa maintained at 6 °C, 20 °C or 40 °C,

Frog Ringer’s
Time (min.)
Character

Spines
Body Length

Body Width

Distilled ¥Water
Spines

Body Length

Body Width

°¢c

- 20
40

20

40’

20
40

20
10

20
L0

20
40

present

present

p}escnt
3.47(3.28-3.67)
3.52(3.33-3.71)
3.26(3.19-3.51)
0.72(0.71-0.85)
0.75(0.69-0.87)
0.77(0.65-0.80)

present

present

absent
3.69(3.41-3.92)
3.81(3.61-&.12)
3.77(3.52-4.18)

0.77{0.68~0.89)
0581(0073‘0188)
0.83(0.75-0.88)

present

present

present
3.61(3.40-3.93)
3.57(3.33-3.77)
3.49(3.37-3.71)
0.69(0.60-0.73)
0.65(0.55-0.77)
0.73{0.61-0.81)

absent
absent

absent

‘3.88(3.59-3.99)
4.00(3.72-4.18)

3.98(3.67-4.11)

0.81(0.70-0.86)
0.79(0.67-0.86)
0.80(0.71-0.94)

péesent

-present

ﬁrcsent
3.40{3.22-7.69)
3.35(3.18-3.58)
3.55(3.25-3.79)
0.76{0.64-0.83)
0.67({0.61-0.76)

~ 0.73(0.63-0.79)

absent

absent

absent
4.11(3.76-4.23)
4.22(3.96-4.38)
4.33(4.01-4.45)

1.01(0.89-1.11)
1.13(1.05-1.22)
1.07(0:99-1.14)

10

present

present

present
3.39(3.17-3.66)
3.46(3.21-3.72)
3.57(3.17-3.70)
0.66(0.59-0.75)
0.70{0.59-0.73)
0.71(0.65-0.88)

absent

absent

absent
L.61(4.2L-L.T71)
4.73(L.66-5.03)
h.67(L-39-h.8h)

1.27(1.15-1.35)
1.31{1.19-1.39)
1.35{1.28-1.47)

Ig



Percent increase in. body length and width of
flukes maintained at different temperatures in
distilled water over - those maintained at a

corresponding temperature but in- Frog Ringer's

solution. The percent increase is calculated by

subtracting the ' measurement in Frog Ringert's:

solution (Yﬁ)*framJthencorresponding~measurement

in distilled water {DW), dividing the difference

by FR, then multiplying: the quotient by 100. .

% I= (DW - FR):/ FR x 100

22
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Preparaiion Method TIII

The effects of different fizxatives used at 69C or 709C on
fluke morhphology were investigated. .Flukes were washed for one.
minute in Ringer's solution, and three worms were placed in each
_of .ten petri dishes. The 10 dishes were separated into two egqual
groups. - Each group contained a dish.with.one.of&tﬁe-followinq
five fixative-solutions::
viAy?ﬁﬁ;wikppendix 2)
_ 7Q%rethanol~
~ Schaudinn's fixative (Appendix 2)

Bouin's fixative (Appendix 2) -

. 10% formalin-

Fixatives in the first-and second groups were used at 69°C
and - 709C, vrespectively. The post-fixation process was the same

in all cases (Appendix 3).

Results of Method IIT

Measurements of worms fixed in different solutions, but . at
the same  temperature, did not differ significantly;uﬂowever,
vorms frcm hot (700C) fixatives were longer and - narrower .  than
worms . fixed -in- the same solution at 69C {Fig.5 and Table 3).:
Twenty ‘percent (3/15) of :the worms fixed at 69C had subterminal
suckers. .The O/A and O/P ratios, lobing of testes and ovary, and
extent of extracaecal  loops were not -‘affected by fixative

solution or temperature. .



Table 3. Effect of temperature and fixative on length and width of H. buttensis.

Character

10% Formalin

Fixative Solution

A.F.A,

70% Ethanol

Schaudin's

Bouin's

Length Cold

Hot

Width

Hot

Cold

3.02(2, 80-3,14)

4;57(4. 21-4. 62)

0. 63(0. 59-0. 68)

0.41(0.37-0.45)

3.16(3.00-3,25)

5.04(4.85-5.17)

0.65(0.62-0. 70)

0.39(0.32-0.41)

3.32(3.23-3,47)

4.83(4.67-4.92)

0.61(0.57-0.63)

0.45(0.40-0.52)

2.84(2,76-3.05)

4.70(4, 55-4.83)

0.66(0.62-0.73)

0.42(0.33-0.45)

3.23(3.11-3,41)

4.74(4.65-5,02)

0.59(0. 56-0. 68)

0.44(0.40-0.51)

-

%2



Fig.5

The effects of fixative
length and width of

reared in R. .pretiosa..

and temperature - on body

21-day-o0ld <§..buttensish

2 — —— o o—
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Preparation Method IV
This method investigated the effects on fluke morpholoqy of
weight added to the coverslip while 4drying slides, Nine worms
were prepared for mounting on slides in the manner described in
Appendix 3, Each of the nine worms was mounted in permount on a
separate slide. The slides were divided into three equal groﬁps.;
A 5g weight was placed on the coverslip of each slide in grohp
1, a .10g weight on those of group 2 and no weight in . group 3..
Slides were dried for five days and measurements were. taken on
15 characters (Appendix 8).
Results of: Hethod IV
Myuvxhegsize of a character increased ¥ith increased weight on
-~ the. cOverSlip-during;drying-(Fig.f6)¢;Body length ranged from a
- mean of 3,05 in unflattened worms to 5.43  in - worms flgptened
with . 10g, ‘Body widths varied from 0.63 tow1-51, anterior testis
1ength~:rangéd» from 0.63. to 0.83.. Heasurements- for other
characters are given in Appendix 4. -
The size ratio:of-the oral sucker to acetabulum diameters
did not change markedly with -increased  weight  during drying. .

This ratio varied between 2.5 and 2.8 . -



. Fig, .6

The effect

21-day-o0ld H. b

of flattening on some characters of
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2. VARIATION IN FLUKES DEVELOPED IN THE NATURAL. DEFINITIVE HOST

- RANA -PRETIOSA. .

Introduction
More information:is needed about host-dependent - variation
~in parasitic helminths in order better to assess the stability
of taxonomic characters used in identification {Haley, 1962). .

The influences of different hosts, as  well as of
individuals of a single host species, on variations in parasite
structure has received increased attention over the past fifteen
years. .Schiller (1959), Haley (1962), and others,  have pointed
out that this  variation  has caused considerable confusion in
classifying helminth parasites..

- Despite the cautioning. of the above:. authors, many
taxoncmists continue to describe new species from a small number
of specimens, A small sample size could result: in a narrow range
of variation 1in any  -particular character, -Subseguent samples
from the same or .other host species could result -in = specimens
with variations in characters different from those of ‘the first
sample. This would be most pronounced if the host in some way
influenced parasite development, Accordingly, Watertor ({1967)
- noted that the developmental rates of experimentally reared

-Telorc§;§7§0nnerensisA Waitz, 1960 differed markedly when reared

in different amphibian or reptilian hosts.., Blankespoor (1974)

experimenting  with  Plagiorchis noblei Park, 1936, Boddeke

1(}&60ajf'with' Prdsthogdnigg§ ovatus, and others, _have'-nbted
similap,hostédependent'variations in development. -

. Factors such as  host . age, number of worms present, and
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f ;gm§g;gtures may also alter fluke morphology (Haley, 1962). .

The - purpose  of this section of the- thesis vas to
Iigyestigate morphologica1~variation~in:g.,gggggg§i§~developeq ip
its. normal - host R+ -pretiosa. This study should provide
information on the characters most suitable. for use in
separating species within the genus. As well, it should provide
-quide lines for 'studying variation in H. buttensis developed in

. different host species. .
Materials and Methods

Source qf Experimentalvhnimalsb

| “Large: numbers of uninfected Orv"clean"vfrogs; snails and
.naiads of Odonata wvere needed for this and other experiments. It
1wasuconsidéfea'impractical to try to rear these animals in .the
. laboratory and so naiural' sources of uninfected animals_wgre
sought. | |

- Uninfeécted snails,  Physa nuttalli, were collected on four

seggrater occasions, over a two-year period, from a pond fifteen
.miles south of Penticton, B.C. Fifty snails from each sample
gere.zexaﬁihed -for natural ‘infections with trematodes, but none
ﬁas“fqund.ZSOmE'ofwthe snails' remaining from the first fwo
collections were used as a source of "clean" hosts in subsequent
experiments., The last ,tuo- collections  were examined as an
additional assurance that snails from the collecting site vwere
not infected.,

A source of uninfected damselfly naiads, Ischnura- perparva,

was discovered in a stream fifteen miles east of Lumby, B. C. .
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Fifty naiads vwere collected and examined for natural trematodev
infections, . Metacercariae are visible when  live naiads are
illuminated from beneath and . observed under a stereoscopic
microscope. Necropsies were performed on the fifty naiads to
assure no mnetacercariae were  present,, No metacercariae were
found, In addition, each }naiad was microscopically examined
prior to use in all experiments, .This assured . that no natural
infections occurred in naiads used for experiments. .

A stream located fifteen miles east of Lumby, B. C. served

as a source of uninfectediaaﬁa gtetiosa.{Fifteen frogs, frcm a
larger sample, were e#amined' for helminth infections of ‘the
lungs, but none was found. :Subsequent examination of g;ﬂyggxig§g~
fﬁom the same locality in 1975 and 1976 demonstrated that lung
flukes were not present in frogs in that area. Frogs to be used
in experiments were ‘kept an additidnalftQOMueeks at 200C. Faecal
smears vere taken during the'twb-ﬁéék_period and examined for
fluke ' eggs. .No eggs were present. The two-week quarantine would
have -allowed any flukes that were already in the lungs to mature
enough to'heqseparated»frdﬁ‘those from experiméntal ‘infectiocns.

‘Infected Rapawpretiosa were.ccllected from a . beaver  pond

one. .mile east of aanning~Park-Lodgéaigaﬂanning‘PgrkagfrOQS"uere
sampled from this pond on~five-diffefent occasions during the
spring and summer of 1974. Examination of ‘these samples revealed
that - only one species of_lung fluke was present. The morphology
of this fluke coincided with the desc;iptiop ”of\‘ﬂ.agggggggig—
puhlished-by Ingles in 1936-,Eggs‘from these worms served as the

source for experimental infections. .
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Experimental Infections

Adult H. buttensis, obtained from the lungs of R. preticsa,

were . placed in a dish of pond watérﬂfor release of eggs. .Groups
of 25 snails were infected by allowing them to ‘ingest eqgs - for
one  hour, after which the snails were removed and pladéd in
aguaria COntaihing pond water, where they were left = for
appfoximately. 30 days for the cercariae to deve}op-apd‘emgrqe.,
Infected snails were maintained at 200C. .

- Emerging cercariae Qere-pipettéd from fish tanks, and 200
cercariae ‘were placed in each of 10 :finger bovls filled with
pond water., .Ten naiads were placed in edch bowl ‘and left for 24
hours, after vwhich they were transferred to plastic containers
and maintained at 200C, After five days naiads were dissected
and metacercariae removed. Frogs were infected by wrapping ten
metacercariae in-moistened bread,‘stringing a threéd through the
bread and léwering-thé wad into  a ftank. containing one frog.
Frogs ‘usualiy ate the bread within three minutes. Fifteen frogs
were infected in this way. Samples of :three frogs were exampined
and.- lung flukes- collected at 5, 14, 21, 28 and‘60 days. .
Specimens were prepared using the standardized procedure . .given
in Appendix - 3., Drawings of selected flukes were made-with-the
aid of a Bausch and Lomb microprojector and camera Ilucida.. all
- measurements were made és described in ‘Appendix 1 and are in -

millimeters unless otherwise stated. .

Results
The experiment yielded /00 specimens of . H, .buttensis of

. known ages, . Comparative measurements are presented in
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Appendix 5. Comparisons of the morphological features - used by
Ingles {1936) in - his description of H. buttensis are presented

with my experimental results. .
~Variations with Age, Growth and Maturity:

1. -Maturity:

All WOrms were maturé by 14 . days after infecting frogs..
Maturity is here defined as being reached when worms contain
eggs- in their -uterus. My experiments ihdicate that worms nmay
becone mature when: 1es$ than 2,0 mm long (Appendix 5). .Ingles

- (1936) did not mention the size at which 'ﬁ.;hgg;§g§;§~ beconmes
mature, . His type description is based on ten worms that varied
in length from 3.2 mm 'to 10 mm. Therefore, they vwere probably

all adults.

2. .Body Size:

Type Description: M"lLength averages 7.4 mp and varies from
3.2 mm to 10 mm. Width averages 1.3 mm ‘and. varies between 0.7 mn
and 2.2 mm" (Ingles, 1936,f§p.ﬁ78r80y¢ﬁ

‘Experimental Results: Flukes recovered from R. . pretiosa- 60
days . after initial- exposure were on average 3.4 times longer
{(6.01) -than fouttéen+day-old mature worms {(1.75). - Average  body
ﬁidth.hincreased*éfrom 0.57 in fourteen-day-old worms tc 1.26 in
- 60~=day-0l1d vworms., .The fastest relative growth occurred ' between:
the metacercarial sgage and five-day-old uorms,'an§ bgtwegn 14
and 21 days (Fig._?ﬁ.ﬁadnlt.flukes-ihus ranged from 1.671 to 6.67

mm long. .
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3. Vitellaria:

Type Description: "Vitellaria lateral -and dorsal to caecaj;
extend across dorsal region anterior to ovary; seventeen groups
were counted in one-young fluke," (Ingles, 1936,-pa80};;~

Experimental Results: Vitellaria are not evident until 14
. days post infections . They extend across the dorsal region
anterior to the ovary and down the lateral margins of the scrms.,
The right vitellaria length is consistently greater - than the
left,  However, the percent difference between the two changes
with age, which indicates-a difference in growth rate betueen
the . left and ’right?ivitellaria.-At~1u,-21, 28 and 60 days the
percent ‘difference is 21.4, 7.0, 34,0 and 39.6, Tespectively..
Therefore, the left vitellaria grew much faster relative to.the-
right side between 14 and 21 days, which corresponds to - ‘the
fastest growth -perioq of - the fluké;,mhe right side develops

faster than the left side after 21 days.

4, Ovary and Testes:

Type Description: %"ovary kidney-shaped, never lobed,
averages 0.44 in-length by 0.32 in width; its range varies from
0.26 to 0.55 -and from 0,20 to 0.37 respectively; usually on
right side..iiisiss Testes nearly same size and shape; length
averages 0.82; width averages 0.6#4; range from 0.45 to -1.03 and

0.48 to :0.87 respectively.”™ (Ingles, 1936, p.80). .



?ig.f7

Relationship betveen body length, body width, and

relative  growth, -and age of worms developed in

- Rana pretiosa. .The mean -and range is given for

“the length and width of worms of different age

. groups.. .
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Experimental Results: the'ratio of -the-length of ‘the testes
- {sum. of both testes lengths). to that of the ovary remained
fairly constant for 14; 21 and 28-day-old flukes, but increased
for 60-day-old worms, the ratios being 2.7:1,:2.6:1, 2.5:1 and
3.321, respectively.:Tbis~sugges£5’an.increase,ia egq production
~at this time. .

The ovary changed from a smooth round organ at fourteen
days to an elliptical, highly lobed form by 60 days (Figs. 8 to
13) .. The ovary 1increased in length from 0.08 to 0.71 and in
width from 0.08 to 0.36 during the 'study period.

Testes changed from elliptical, smooth organs to- elongate
forms - which either remained smooth or developed some degree of
lobing: (Figs. 14 to 18). The anterior testis increased in length
from an average of 0.34 ‘in 14— day-old worms to 1.12 in
- 60-day-o0ld . worms, and 0.22-0.48 in width. The posterior testis
increased frcm 0.31-1,22 and 0.22-0.52 for length and width

respectively.

- 5. .Longitudinal Fclds of <the Uterus:

Type Description: "Uterus Tuns posteriorly between testes;
extracaecally the folds may extend to anterior level of anterior
testis on the same side as the ovary;. on the . opposite side- they
extend only half as far;‘it‘ietutns7tb anterior part of ‘the body
between the  testes and has mpany  folds- anterior 'to the
acetabulum.®" (Ingles, 1936, p.80).

- Experimental Results: the 'right extracaecal  uterine ' loop
extends  forward a distance of 1/4 to 3/4 the length along the

posterior testis. The left loop extends. forward 1/2 the distance
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to the posterior testis, from the end of ‘the worm, to: 3/4 ‘the
distance along the poéterior - testis, The relative lengths of
both uterine folds (bodY'length/uterine loop 1length) decreased
with age, . The right fold decreased in relative length from
"16.1:1 at 14 days t0f§.0:1 at ‘60 days, The left fold decreased

in relative length from 19.6:1 at 14 days to 5.,6:1 at 60 days.
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;Figures 14 to 18,
Variation in size, shape and
and  testes of 60-day-cld

Rana pretiosa. -

position of

ovary

worms developed in
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6..Spination:

Type Description: "Cuticle armed with spines posteriorly to
. the acetabulum.: (Ingles, 1936, p..78)..

Experimental Results: PFlukes of all ages had spines.;Spines
- vere uniformly distributed over the entire body surface. . Spines
appeared ' to be less numerous and were sflaller on the posterior
portion of the body. .

. 7. .Sucker ratio:

Type Description: "Oral sucxer“subperminal averages 0.33 nm
in length by 0.46 mm in width; it ranges from -0.18 to 0.14 and
from ©0.29 to 0.47 respectively [sic]e. Aéetabulum located in
first half of body and smaller than. oral sucker; it averages
0.26. in length by'0.31'in uidfh; it ranges from 0.15 to 0.36 in
leﬁgth and 0.24 to 0.37 in width, ,Ratio oftlength'bfioralvéucker
to acetabulum is":O.?; and range ‘of variation of .this ratic 1is
1:0;8 to 1!0;6’“V{Ing1es,-1936; PP.78-80). .

Experimental Results: The oral sucker in“60—day—old.uarms
'aas,terminalfand averaged 0325 long by 0.29 uide.-The acetabulunm
Jwa§¢median and always closer to the ovary than to the anterior
end,. ! Acetabulum diameter increased f:om:an average of 0.07 in
.fquxxeen+day-old flukes t§.0.31 in 60-dav-o0ld worms;.dral'sucker
diameter increased fronm 6;18 to~0;29 during the same time.. The
sucker ratio for post'metacercaria\BOIms remained constant for
all age groups., .Five-day-old worms had only a 'slightly smaller
ratioc (2.35:1) than mature vworms (2.5:1 to 2,6:1) (Fig., 19)..
Metacercariae have an O/A ratio sighificantly smaller than that

in +worms recovered from frogs {Pig. 19). .The smaller O/A ratio
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for_megace:cariae is a reflection of the ‘relatively 1larger
acetabulum. The diameter of the acetabulum decreases for
five—day—oldeorms, then begins to increase in size ‘again  (Fig. .
20¥.. .,

8. .Eggs:

Type Description: "Eggs operéuléte, brown with completely
formed miracidia when laid; average 0.027 by 0.014; range 0,025
~to 0,030 . and 0.011 to 0.017 for 1length and width respectively”
(Ingles, 1936, p. .80). .

‘Experimental Results: Eggs ate present first in area"”éﬂ of
the;gtefus {Appendix 6, Fig.8%) .14 days after initial 'exposure'
and 'average’ 0.017 by 0.015.yEggs increase in - size as they pass
along.thefutetﬁs untili at 21 days, they averagénoiozurby ~0.016
and. are .found in area "3" {Appendix 6, Fig;eﬁyg_Thereafter egqg

size remains constant regardless of fluke age. .



Fig.19

Change: in O/A ratio with age of worm. The mean

and range  is given for each age group. .

41



41A

eanv

oliey Y/p

Worm Age (Days)



- Pig.20

Relationship between age of worms developed in

-vgangﬂgretiOSa and diameter .of oral sucker and

acetabulum. . The position of the measurements for

metacercariae has been staggerd for clarity. - The

- mean and range-is given for each ‘age ‘group, .
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3., VARIATION IN FLUKES DEVELOPED IN RANA PRETIOSA MAINTAINED AT

e i s e e

DIFFPERENT TEMPERATURES

INTRODUCTICN

_ The temperature range at which larval and adult helminths
live and develop varies considerably from species to spécies._ A
direct relationship exists between temperature and rate of
growth and develdﬁment to a certain point, after which various

unfavoufable’effects may occur {Fatertor, 1965)..
This study -examines +the effect of temperature on the:
morphology of H.: buttensis when reared in R..pretiosa, kept at

120C, 200C or 270°cC..

Materials -and Methods
mhpee: grQﬁps of 15 frogs eaéh Qere fed 10 metacercariae
géch..ﬁach group was maintained ihsaguaria:(so.cm by 25 cm by 30
ém)waﬁ.either 120C, 200Cor 279C. .Wet paper towels were keéept on
the | bottom " of the tanks to pro?ide mbisfdfe,fdr the frogs. .The
tqpsmofﬂfhe tanks were covered - with glass sheets to preﬁent

excessive evaporation, .Samples of three frogs were examined fronm

~each grouwp at S5, 1%, 21, 28 and 60 days post-infection. .
Physa: pnuttalli d Ischnura ggrgnga -served as-the intermediate
hosts. .

Results

Growth and develobment of 204 experimentallyatearea'worms
resulting from the feeding experiments -with adult - B. pretiosa-

- were - -studied and measured.. Measurements of taxonomically
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significant characters are given in Appendices 7 to 9;inc;qsive¢g

Worms maintained at a  higher temperature were longer and
"wider " than worms ‘of a comparabie-age but=aeveloped at-.a lower .
. temperature, Worms reared at 279C attained the largest  sizes
(length and width) - of all age.groups studied (Fig..21)..Worm
~length and widthaincreased~with-age of worms maintained at 200cC
and - 279C. - Worms at 120C did not show this age-related increase
{Fig. .21) .. | | '

Flﬁkes reared at 27°C'had the largest - {(length . and width) -
. oral suckers' for each age: group studied {(Fig. .21). The only
exception' was in-1ﬁ;day—61d'worms.r’ﬂorms in this age ' group,

- developed at 200C  and 27°C, had similar oral sucker widths
.- (Appendix 8 and 9). The length and width-ofaﬁhe oral sucker  in
 vo;m$-;reatéd at :1209C and 27°C increased iithQageapwormS at 120C
‘:,did,np;vShcw an age~-related increase in these measurements: (Fig. .
21) .

The.:diameter offthe §cetabulum did not-~in¢rgasg in . vorms
developed at 120C, However, this measurement shoved an increase
- with age in: flukes reared at 200C and 279C (Fig. 21). Five- and
- 14-day~o0ld worms, reared at 129C had wider acetabula than did
~ similarly aged worms developed at 200C or 270C,_By;21 days, the
acetabula of all ¢flukes were the same size, but by 28 and 60
days worms devéloped at 200°C and 279C héd wider acetabula than
did‘xorms developed at the lowest. temperature. . |

O0lder worms had larger testes-at all temperatures: studied. .
There was a marked increase in length of testes as well as rate

of=grovthﬁin‘worms‘13§££¢pﬂ¢-at 200C compared with those at



120C, . Rorms at 270C . had ,skmﬁif - testes than those at

- (Fig. :22) &

The ovary did not develop in worms maintained at 12°C, .

ovary . length - in flukes developed at 209C was greater than

develope 279C {Pig. -22). .21l flukes reared at 209C apd 279°C

gravid by 14 days. Worms maintained at 120C did not mature. .

.The increase in length of the posterior: portion of the

vas-greatest~in-wotms developed  at  higher ' temperatures, .

45

200C

The

that

were

Hornm

This

increase is expressed by comparing the distance of the posterior

.manginu\of-the anterior ‘as well as the posterior testis frorp the

posterior end of :the. worm (Pig.. 23). . The: greatest rate

increase occurred at 270C between 14 and 21-day-old worms.

of

~This

corresponds to the highest rate of increase in size of :the cvary

and - testes, and the increase in egg production in worms at

time .

this

The O/A ratio of flukes did not differ with age ‘of worm or

whgn.theﬂhost vas maintained at 200C or 279C. Worms of all

ages

reared at 12°C had a significantly lower O/A ratio, essentially

that of the metacercariae. .



Fig. 21

The influence of temperature and age of wornm
on -some characters of H. buttensis developed

in R. .pretiosa. .
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Fig. .22

" The effect of temperature on the length of-

the  ovary, anterior - testis, and posterior

testis of worms reared in R. pretiosa.
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Fig. .23

Relative growth of -the hind ' body.. Distance

between the posterior margin‘of-thé anterior
and posterior : testis from the end of the

WOTMm. .
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4. EFFECT OF HOST SIZE ON DEVELOPMENT OF H. BUTTENSIS-

Introduction
Re;ationships between size and form of parasites and size
. {age) - of definitive hosts have been observed by many
_parasitologists, but few have examined these relationships in
- detail. Dogiel (1966) and others have summarized the literature

~on this relationship..

Materials and. Bethods
. ... The experiments utilized 15 specimens of R. . pretiosa  in
each. of 4 size groups: 30-35 mm; 45-50 mm; 55-60 mm; and 65-70
- mm. ,Ten metacercariae from-;.4§gégg£g§uvereffed‘to eaéh frog in
all. .groups. . Frogs were maintained at 209Cffor.60 days. .Samples

of three frogs were taken from each group at 5, 14, 21, 28 and

60 days post-infection and examined for lung flukes. .

Results
Measurements of all .specimens recovered - from these
experiments indicate that length  (age) ‘of R. :pretiosa does not
affect the size or shape of adult H..buttensis- (Appendices 10 to
13). . Worm- length or width did not differ in samples from frogs
of different size groups (Fig. -24). The increase in size of all

characters measured did not differ in flukes developed in frogs

of different sizes,



Fig. .24

The relationship between the. length {(A) - and
width (B) of H..buttensis- developed in
different size groups of R..pretiosa. .

S—-¥ is the snout-vent length of.the frog. .
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‘BUTTENSIS -

5. EFFECT OF HOST SEX CN MORPHOLOGY OF H.:

- Introduction
. Another area of interest to paraéitb;ogists is the
~influence of ‘the sex of the host on trematodes, Hollis (1972)
- found a significant difference 1in seasonal prevalience . of

- Haematoloechus medioplexus - between pale -and - female

Rana pretiosa. . He concluded that female  gonadotropins - vere
involved in  the seasonal- prevalence. However, no mention was
.made of differences in morphology of flukes recovered from mpale
_ pn;.female frogs. Such differences as do exist between male and
female frogs may alter the morphology of developing flukes.

The objective of this'stﬁdy wvas to investigate the effects

.of host sex on the morphology of H. buttensis. -

Materials and Methods
Fifteen. male and - fifteen female -R. pretiosa - were each
infected with 10 metacercariae which had developed " in
I. .perparva.: Frogs were maintained at 209C, and samples of ‘three

frogs were taken from each group at intervals of 5, 14, 21, 28

and 60 days..

Results
AQultw§;¢§g§$3g§i§ developed in either male or female frogs
show - no significant differences"in= morphology. .- Fiqure 25
illustrates this for body length, body width, and O/A ratio. .

Values for other characters measured can be found in Appendices

14 and 15..
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6. EFFECT OF WORM EURDEN! ON DEVELOPMENT OF H. BUTTENSIS

Introduction
Worm burden resulting in crowding can be an important
factor» in regulating the size of flukes (Blankespoor, 1970).
This experiment was conducted to determine the effect of varying

numbers of worms on size of adult H. buttensis.

Materials and Methods
Five groups of three male R, pretiocsa, of approximately the
same size (45-50), were fed either 10, 20, 40, 80 or 160
metacercariae, Infected frogs were maintained for 60 days at

200C cn a diet of beef heart and earthwornms.

Results

The effect of degree of "crowding"” 6n 930 experimental
vorms reared 1in R. pretiosa is summarized in Table 4 from data
in Appendix 16. The number of worms recovered from frogs
increased with increased number of metacercariae fed. However,
the percentage of gravid worms decreased significantly. An
analysis of the data, using linear regression, gave a
coefficient, b=-0,19 which had a significance of 0.05 when a
t—test was used. The percent survival of metacercariae decreased
initially and then increased slightly (Table 4). The numbers of

worms recovered from the left lung were the same as that for the

right lung. The percent gravid flukes for left and rtTight 1lung

lyorm burden is the number of worms recovered frcm the host
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did. not differ significantly (Xziv-P>0.05%).,-Thé average body
size of fiukes decreased with increased numbers of metacercariae-
fed (Fig. 26). Worms recovered from frogs fed 160 metacercariae
¥ere .on an average 173 the size as those recovered from frogs

fed only 10 metacercariae. .



Table 4. Effects of crowding on 60-day-old H. buttensis in Rana pretiosa,

# worms # gravid worms % gravid worms
# # worms % *average body
metacercariae recovered survival Lung Lung Lung size (LxW)/2
Left Right Left Right Left Right
30 23 76.7 14 9 14 9 100 100 3.77(2.38-5,29)
60 46 6.7 25 21 21 21 84.0 100  3,36(2.13-4.73)
120 84 70.0 41 43 28 27 : 68.3 63.0 2.91(1, 63-3.75)
240 122 50.8 62 60 32 34 5.6  56.7 1,95(1.31-2.63)
480 306 63.8 148 158 59 52 - 39.9 32.9 1.26(0.89-1, 80)
Total 290 29 154 143
*x

measurements in square millimeters

119



Fig. 26

Decrease ' in body size of ‘H. buttensis after

60 days of development in R. .pretiosa - which

were fed either 30, 60, 120, 240 or 480 .

metacercariae. .

The mean and ranges are graphed. .
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7. VARTIATICN IN WORHMS DEVELOPED IN DIFFERENT DEFINITIVE HOSTS

Introduction
Increasing attention has been focussed in recent years on
the variations in a ©parasite?’s structure, phyvsiolcgy, and
behaviour resulting from its development in different host
species (Kinsella, 1971). The following experiments were
conducted to determine if morphological changes in adult
H. buttensis occur when they are reared in different amphibian

hosts. WNinety amphibians representing six species of definitive

hosts were used.

Materials and Methods
Metacercariae, obtained by the method described for
"Development in Natural Hosts" (p.3]1), were fed to  the
following definitive hosts: Bufo boreas Baird and Girard, 1852;
Hyla regilla Baird and Girard, 1852; Rana aurora Baird and

Girard, 18%52; Rapa Clamitans Latreille, 1802; Rana pipiens.

Schreber, 1782; and Rana pretiosa.

All experimental hosts were caught in the wild from
non—-infected populations; collecting localities for hosts are
given in Table 5. Wild-trapped hosts were held in the laboratory
for 21 days, and the feces were checked periodically to verify
that natural infections of lung flukes were not present.

Fifteen frogs of each species were infected in the manner
described on page if; All frogs were maintained at 200C on a
diet of beef heart supplemented with earthwcrms during the

developmnental period of the parasites.
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Samples-of=three‘frOQSrofgeach species were examined at 5,

14, 21, 28 and 60  days. . Specimens of g.,butteg§i§afrbm the

various'hQStsjweréﬂthena¢ompared~vithHSpecimens of 'similar age
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Table 5. Collecting sites for uninfected definitive hosts.

Host Collecting locality
Bufo boreas Haney, B.C.
Hyla regilla U. B.C. Endowment Lands
Rana aurora Chemainus Lake, near Duncan, B.C,
Rana clamitans - Elaine, Washington
Rana pipisns | FoxBorough, Ontario

Rana pre'ﬁ;iésa 15 miles east of Lumby, B, C.

P2
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Results
Ccmparative measurements of-H. ;buttensis from experimental
hqsts are presented in Appendices 17  to 20.. Most: - rapid
development - took place in .the natural host R. .pretiosa-and in

 B.. boreas,  which is infrequently found naturally infected.. .
Development in - R. adrora- was - the same:  as  that <found : for
g§vp§l§3§§§9§~: in both, the flukes-took about one week longer to
_ produce . eggs ‘than -did - flukes developing- in B. . boreas: or
lkgﬁggggziggg;,fHo;ﬁormSawere found in~g;ggigi§g§uorﬁgf;regiIJQVat
§pywximevdnring*the sampling period (Table 6); they were Jjudged
tgypeiunSﬂitable‘hosts.@‘ |

Figures: 29 to 34 and - Figures 36 to 38 illustrate some
variations occurring : im - 60-day old worms from - R. pretiesa..

. R.:,aurora,;~R, clamitans and B..boreas.,

. Body size:

“Mhﬁwkgult'ﬁgf}gggggggigrrecovered from R..pretiosa-were usually
.. larger - than those obtained - frem = B. boreas, -R..aupoga- or
gfmggggggégg- for all ages sampled.  Therefore, the former host,
.of those:-tested, appears to be the optinmal one at sixty days..
. H..buttensis from - R. pretiosa-had an average_lehgth-6;41=(Fig.g
©27).. . Sixty-day old ~ flukes developed in ~§.,anréfa~ or in

" R. clamit 4,95 -and -4.88 1long, respectively and in

1
1=
in
?
[
-
[

lo
©
Q)

11/]
wn
.
W
"
oy
g
=

11
.
N
-~
e
.

- B. .boIea



Table 6, Variations in rate of d

evelopment of H. buttensis maturing

in various amphibian hosts,

61

Host ~ First appearance of gravid worms"
" (days)
Bufo boreas 21
Rana aurora 28
‘Rana clamitans 28

Rana pipiens

Rana pretiosa

Hvyla repilla

No worms present
14

No worms present

« :
~ Determined by dissecting frogs, removing H, buttensis and

preparing slides of the worms,
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The relationship between body 1length, body
width, and O/A ratio of - H.' buttensis
developed in-different frog hosts. .

R. a. . Rana aurera

R. C. Rana clamitans-

R. -P.. Rana- pretiosa-

B..b. ,Bufo boreas-
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Flukes recovered from R...clamitans-28 and 60 days post=infection
uererthe-smallestvof~comparab1y-aged worns recovered during this

study - (Fig.. 27).. #orms  recovered from B.-boreas- were

intermediate in size. .

Average : body widths were  greater - for flukes from
-g;wgggggggg at all ages examined., Average. body widths - for
60~day-old flukes from -g;mggg§i9§g~were T1.40; from*ﬂ;wgg:ggg,
137, and from Rg. aurora  and R+ clamitans - 1.20- and 1.17
-respectively-.(yiq.ﬂ 27) . Worms, regardless of host, ‘showed an
increase in length and width with increased age of fluke. .
Sucker size:

The ‘oral sucker was: consistently larger than the acetabulum
in.all7flukes observed. .~ Oral sucker width varied in: flukes
harboured by 'différent hdst spécies.?The maximum width (0.372)
of the oral sucker was attained by a 60-day-old fluke developed
in“ug.wpg;ggg.: The maximum diameter of -the acetabulum was 0.123
‘ybich occurred in a 60-day-o0ld worm developed in- R. clamitans..

yye;smallest~diameter‘in a 60-day-old worm occurred in B. bhcreas:
- {0.082).. The 0/ ratio of mature worms developed in B.- boreas-
was greater (2,9-3.1) -than for flukes developed in the <cther
host : species {2.4-3.1). . The larger O/A ratio im flukes from

-B...boreas is a result of smaller acetabulum diameter in those



The effect of different amphibian hosts on

oral suckeér length, oral sucker width, and

acetabulum diameter of H. buttensis. .
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_Ovary size and shape:

Variations in gonad size in adult H. buttensis recovered
from different host species are even more pronounced than
.variations 1in this organ in flukes obtained from a single‘host
species. .

‘Flukes possessing unusually- large ovaries were obtained

s

from experimental infections in R. .clamitans (Figs. . 31,33 and
©35.)..The ovary of one adult sixty-day-old H. ~ buttensis from
yg € -gg itans measured 0.85 long and 0.73 wide. The ovary did not
becgme;»a?patent' until 21 days after infecting ftbgs;:This was
-also true for flukes developed' ip wgl»gggggg.;hznfections in
w@ggggggggv7yielded - H..buttensis- aQults_with small ovaries. .The
smallest#ovaxy~in“a 60~day-qld fluke»from " Re.'.aurora- was -0.392
long by 0. 113 w1de.-i

,Th largest ‘testes - vere found in one adult 60-day-o0ld sorm
from R~ clamltans, the anterlor testls ‘of which measured -1.32
long by:0.58 wide and the posterior testis measured 1.46 long by
0‘65’§ide.;The«sma11est testis was found in a sixty-day-old wornm
from g:'_g;ogg - the '‘anterior testis measured 0.62710n§ hy-O;Bi

wide, and the posterior testis 1.25 long by 0.28 wide (Fig..35).



.Gbnad size and uterine loop variation ' in flukes developed
different definitive hosts. .

Fig. .29 ¥1uke’developed in Rana~pretiosa..
?ig.gBO'Fluke:deVeloped in Rana- aurora..
Fig,gBj‘Fluké"developed in Ran ~clamitans. .

Fig. 32 Fluke ﬁeveloped in Bufo:boreas. .

) ?ig,wsngluké‘dévéloped in gggéﬂglgﬁitag§;p

Fig. .34 Fluke developed in Rana aurora. .
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Vitellaria:
Vitellaria became evident: 14 days post-infection in

- Be .boreas ‘and R.: . pretiosa but only after 21 days in-g;"glgmiggng

— g —— E e s s e o

~and:B..aurora..The length of -the vitellaria on the right side of
the worm was consistently shorter than that on the leffﬂ(Figs.,
'r3§wgpw38ﬁ}mmhesanteriorilimitv0£. vitelline . follicles -.occurred
‘bepqeénﬁthe“acetabulum and pharynx in 60;day-old worms recovered

~ from-all hosts., Vitelline follicles in flukes from R. aurora and

:gpagigggga.reached a level- jﬁst'anterior-to the acetabulunm
_ﬁ&ﬁigs.“37-and 38).. However, in worms €from - R..pretiosa- and
. B. boreas, vitelline follicles extended further anterior to the
‘region between the acetabulum and- pharynx (Fig. = 36). - Specimens
across the body between the pharynx and acetabulum. .In-specimens
. from ‘R. aurora and R. clamitans-the vitelline bLand often lay
_beneath the  acetabulum. ~Inccmplete "~bands - were 'sometimes
observed, and in three cases a transverse band was absent (Fig. .
38).fnuch greater variability-characterizes'the*posterioralimits
~of the wvitelline follicles in specimens recovered from all
amphibian hosts, A band'of‘vitelline follicles usually ‘' extended
medially half-way across the wora from"the.pOSterior part of the
left,vitelline‘bandfpassing:pﬁsteriad of the posterior testis. .
The experimental studies‘dgmcnstratevthat'the~presence or
absence.of a vitelline band, or the extent of the anterior or
ppsterior vitellaria, are unreliable criteria feor distinguishihg

. species within this genus. -
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Extracgecal-folds of the uterus:

Extracaecal 1longitudinal folds of the uterus were first
ev1dent at 14 days post—infection in R, pretiosa and g.mggggg§-
but: did not  become  evident  until the twenty-eighth day in
B..clapitans or R. aurora.. The r.ight - longitudinal fold was
- longer “than the left in:specimens:developed in-:B..pretiosa.. The

reverse was true for specimens developed in ' B.  boreas (compare
'Figs.. 29 with " 32). ,The right and left loops were of about the
same. length in 'specimens from R..ayrora and R.:.clamitans.

The right uterine folds of 60-day old worms developed in

-

- Rewpretiosa reached a distance half-way along the posterior

I

testes.;?he left loop just reached the . posterior wpart of  the
posterior testis (?ig.,:29)., Extracaecal- loops*reachéd about
half-wvay to the posterior ‘??S?is .in _worms developed in
- B, boreas, . The left 1loop extended somewhat‘heYond the:right
-(Fig.g32).,These”uterine loops:extended only.1/3-the:daj<to. the
posterior testis in 60-day-old worms developed in R. .aurora-and
..clamitans {(Figs. .30,31,33 and‘;ﬂ}.f

Development in different: definitive hosts altered the

antg:ior extent of the uterine loops. The ‘uterine loops extended

_the farthest in the natural host 'R. pretiosa, and the least in .

R rora -and; R. clamitanse .

" — s e Mt b e e it

Spination: .
Spines:were uniformly distributed over the :entire body

surface of-flukes of all ages from all hosts.
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Egg size:
Eqggs were not  present . in the wuterus until 14 days

s; . and 28 days

. o . s

post—infectidn'inwgsﬁggggiggg;,21 days in B..porea

in R. aurora and R..clamitans. Eggs were of approximately ' the

same  length and width in- 60-day - old worms  developed in

Q

'B. pretiosa, B. clamitans and B. boreas. Eqgs vere smpallest in

WOLmS from~§,pagrcgg~(Appendices 17-20) . .

S v
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8. VAERIATICON DUE TO DEVELOEMENT IN DIFFERENT INSECT INTERMEDIATE

HOSTS. v

Introduction
Having demonstrated that some taxonomic characters are
altered when flukes develop in different definitive hcsts, we
must now establish whether changes occur when worms develop in

different intermediate hosts.

Materials and Methods
Infected snails, P. puttalli, maintained at 200C on a diet
of boiled 1lettuce, shed xiphidiocercariae {of the Mornata
group") of H, buttensis approximately 28 days after ingestion of
the eggs.
Insect nymphs were collected from a small pond in Haney,

B.C., This pond does not contain any frogs; naturally-occurring

infections of Haematoloechus sp. are therefore absent.

Ten cercariae recovered from experimentally infected snails
were placed in each of sixty 60-mm plastic petri dishes, Twenty
dishes contained one naiad each of the damselfly,

IYschnura perparva, twenty contained I, cervula and twenty

contained one larva each of the dragonfly Aeschn All

v

(o]

1Y
[
=]
1]
(*
1]
*

larvae were approximately 16 mm long. Cercariae and insects were
left together for five hours, then ﬂaiads wvere removed and
wvashed, and all naiads of a species were placed in a 100-nmm
plastic petri dish. Five days later, metacercariae from the two
species of damselflies and the dragonfly were judged tc be

infective to frogs. Groups of fifteen R. preticsa, 50-55 nam
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long, . were infected with metacercariae from one of ‘the insect
hosts,..Frogs were maintained at 200C, sSamples of three frogs
wvere examined from each group 5, 14, 21, 28 and 60 days

post-infection. .

Results

Flukes recovered - from  frogs fed infected damselflies
differed from those from frogs fed infected dragonflies in
having a smaller body size (length and width), smaller gonad
size, and shorter extent: of the extracascal uterine lodps‘(Table
7). . The 'mean and ‘range - for body length and width, and gonad
lengths are shown in Figure 39. ,The average length of worms with
vlfsggggglg or 1. perparva intermediate hosts is 6.63 and 6.39,
respectively. . ¥o6rms averaged 7.33 long when Aeschna palmata was
the insect host. - Body width measured 1.52, 1.46 and 1.69,
respectively. . Larger average gonad size was attained in worms
,;hat:hadsgd_pg;gg;g as their insect host and in- these chms both
extracaecal loops extended the " full 1length of the posterior
testis, .The left extracaecal loop extended 1/4 to 1/3 the length
.of - the ' posterior testis and the right loop extended 1/2 to 3/4
the.length of the posterior - testis when the insect host is
either I, cervula or ;;‘Qgggggzg‘f?he ratio. of the oral sucker:
diameter to acetabulum diameter - was the same (2.4 to 2.7)

regardless of insect host. .



Table 7, Morphological variation in 60-day old H. buttensis reared in Ischnura cervula,

Ischnura perparva, or Aeschna palmata as the Sicend intermediate host.

Character

I, cervula

Intermediate host

L. perparva

A. palmata

Body length
Body width
O/ A ratio
Ovary length

Ovary width

Ant. testis length

Ant, teatis width

Post. testis length
Post. testis width
Extracaecal 100ple.

Extracaecal loops R,

6.63(6.27-7.‘24)
1.52(1.33~1, 60)
2.5 (2.4 -2.6)
0.79(0.74-0.82)

O. 41 (O' 37-00 45)

.25 18-1 22) -

0.52(0,49-0,61)
1.33(1.29-1.42)
0.57(0.50-0. 65)
1/4 to 1/3 PT.

1/2 to 3/4 P.T.

6.39(5.86-6.93)
1. 46(1.37- 1. 68)
2.5 (2.4 -2.7)
0.73(0.69-0.79)
0.38(0.34-0.42)
1.16(1.14 - 1. 30)
0.46(0.40-0.57)
1.24( 1. 19- 1, 36)
0. 52(0.49-0.67)
1/4 to 1/3 P.T.

1/2 to 3/4 P.T.

7.33(7.08-8, 35)

1.69(1.61-2,01)

2.6(2.4-2.7)

0.86(0.81-0.94)
0.45(0.42-0. 53)

1.36(1.28-1,47)

0.54(0.47-0. 69)

1.45(1.33-1,56)
0.61(0,53-0,76)
full length

full length

Extent of extracaecal uterine loop along the posterior testis.

9L
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Variations

- Hebuttensis

in

- some - body measurements of

reared in different  insect

intermediate hosts. .
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.. 9. .MORPHOLOGICAL VARIATION IN H. BUTTENSIS WHEN CERCARTAE ARE

DEVELOPED IN VARIOUS SNAIL :HOSTS. .

Introduction

Underwood and - Dromen - {1977) noted that measurements of

e

9e;qariae’ shed from ancylid snails { 'gg;riSSiar Sp. )
,ﬁexpepimentally infectedfwith=§,gggg1i§1§gg§, differed from those
_.Qfﬁ?hegsamealumgffluké given by Schell (1965), who used Gyravlus-
. Sp.. as molluscan ‘host,  gnderwood and Dronen did not compare: the
_aduitﬁ'SthgéS.;“However;'-they .noted..that-ﬂthe differences may
. indicate -that these flukes, identified -as - H. breviplexus- in
_Idaho, and “Texas, ' are . not - the same species. They stated that
cross~infection studies, wutilizing hosts and parasites from
Idgho.and-Texas,'a:e necessary to ‘determine that the differences

are not a result of~host-induced variation, |,

Materials and Methods
- To - determine the possible effects of various first
intermediate hosts on the morphology of adult *ﬂ;uguttensig,

-and

3
tn

experimental-infections ofwg§x§g'gg;ggi;i,f§§gggigglg«g;g
lvis were attempted. .

Eggs of -g.ggggﬁgg§i§j used for experimental feedings: were
.originaily obtained from worms 'in naturally infected §.$g£g¢ig§g~
’ collected in Manning Park. .Flukes removed from the 1lungs - were
placed in dechlorinated tapwater. After one hour, mature eggs
:eleased by the worms were fed to 30 each of the three species

of snails.

Cercariae’ vhich develobed in and were shed from snails were
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plaqed “in 100;mm‘plastic petri dishes. Each dish contained-tep
cercariae and  one ~I..perparva.  Twenty naiads 4in all sere
~infected in this way. Five days later the metacercariae were fed
tO”g.ég:ggigsg 50-55 mm in snout-vent length, Fifteen frogs were
exposed' apd‘ maiptained at 200C. . Samples of ‘three frogs-were

examined at 5, 14, 21, 28 and 60 days..

Results

A”;Oply“ggzsa'guttalli-became_infected.flnfected snailsv shed
_ge:cariae' approximately ‘28 Adayg aftgr inggstion of ‘the ‘eggs.
Flukes *IecoVered--from-\g.hggggiggg- -which wereb previously
developéa in~I. perparva and P...nuttalli showed no morpholcgical
variations -‘different: from those inrexperimeﬁts on "Development

ip Rapa:-pretiosa" (Appendix 21). .
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10y¢DISCUSSION AND CONCLUSIONS ‘FROM EXPERIMENTAL RESULTS

Bbdy Size:

Thevlength'and width of-the,bcdy‘cf-gfjgg§§g3§;§~ increased
_by,as_much'as 78% and 140% respectively when weight was added to
‘the coverslip during the drying: process of slide preparation.

In thiSVStudy,'reduced_grouth-rate”inmgﬁygggggg§i§‘occurred
~in  flukes maintained at -120C. . Worms maintained in hosts at
. higher temperatures (20°C and 270C) were larger than flukes of a
comparable ‘age maintained.in hosts kept at lower temperatures. .

Studies on  the effects of temperature . on trematode -

development -are limited.  Willey (1941) observed that the

: trematode Zygocotyle lnnéta-(niesing, 1836) ‘matured more rapidly
~in:ducks than in rats. ‘He attributed this to the higher Lody
temperature of birds, .

¥Wohlgemuth - (1920).- and later Izyumova (1956) reported that
variations in eater-“tempergturg affect development of.'the
monogenetic - trematode, - Dactylogyrus- vastator Nybelin, 1924, a

parasite -on the gills of fish. -
. Watertor (1965) found that the growth and development of

adult Telbrbhis-bdnnergnsis~-saitz, 1960 were greatly altered

when experimentally infected definitive hosts {adult

: Ag@ystd@gttigﬁinum' Green, 1825) were maintained at: various

constant temperatures of 100, 220, 300 aﬁd 340C, . Studies on
. other parasitic organisms have demonstrated similar responses to
temperature,

~ Smaller  H. buttensis were recovered from ~g.w§zg§ig§gv

.gxpetimgntally infected with larger numbers of netacercariae..
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hfﬁg: body size . of flukes decreased as-much as two-thirds in
, heayi;yvinfecte& frogs (Table 4)..The number of worms present in
a host has been shown to be an-important size=controlling factor
in trematodes (Lyubinski and Kulakovskaya, 1940; ¥%illey, 1941;
~vpaves,=;1962; vWatertor, 1965, and=others).gThis has also been
‘ demqnstrateé’for nematodes (Chitéood,'1957; Haley and Paxker,
1961) and tépeworms-(?avlovski and Gnezdilov, 1949, 1953; Brooks
and: Mayes, - 1976; and others).. Rankin (1937) observed that
specimens wereAunhsﬁally small when large numbers of worms were
present. in natu;alf infections of the salamander trematodes,
Brachycoelium, Plagiturasand Megalodiscusg,.

~ Body lengths ?ere on .an average 18%-30% gréatermin 60-day-
vpldf:g,wgggggg§i§~-reared_inwg.gﬁgggiggguthanwin those Teared in
: amghibién'hosts'ﬁhich‘are'seldomﬂnaturally infecteaay’similarlj,
6Q~day;old ~fluk'es were-as much as 15% longer when the dragonfly
—naiad=gas-uséd'as second intermediate host than when a damselfly
naiad was used. .

. Experimental studies - by Beaver - {(1937) - on

g?éhindstogggnrév0;§§gg Froelich, 1802 <developing in avian and
-mammalian hosts, the work ' of Rankin (1937) - on - Brachycoeliumsp.
.collected from  various  species of - naturally infected
salamanders, and studies by QhartOnLtQQuO}-and "Watertor =(1967,
1968) - on- several -species voflfgg;ggggigspfrom= chelonian and
amphibian hosts, present- further evidence  that morphological
changes . may occur when adult trematodes mature in different
species of - definitive 'hosfs;ﬁA Boddeke {1960b) - studied
experimental : infections of »ggggggggggiggggggg§g§-and'observed

. great morphological variations among these flukes from different
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'aviah hosts.,Blankespoor!s<1§7u studigs qn?P1agi6r6hisiBgﬁ;g;.in
avian hosts demonstrate th flukes recovered from passerine birds
were usually larger (in length and width) - than those obtained
from géllinaceous-birds;;

Development of ~§.;§g§§§n§i§v in four  size classes of

" B..pretiosa did not greatly affect the morphology of this fluke.
As well, fluke-morphology-ﬁas not affected by the sex of the
host. | - _
~Herrick  (1925) and . Ackert - (1935) ~observed nmarked
differences in length of Ascaridia galli. (Shfank,. 1788) - from
vchic&ens* - of varying ages.. Worms from  older birds were-
Significantlyﬂsmallet than those from ' younger birds.. Bouchard
;(1351) :found fhe  parasites in larger hosts (frogs of=vatious
specieg).to be largef regardless of' the parasite species..
According‘ to ‘Read and ;Ro;hman u{1958), the sizé' of
- Hypenolepis dipiputa (Rudolphi, 1819).-was a function of the age
of the rat hoSt.“Bourns’(1966); yorking“uith natural ‘infections

of Plagiorchis noblei in nestling red-winged blackbirds, found a

higher percentage of gravid adults in older hosts. A longer time
was required to become gravid in domestic chickens.

- Blankespoor (1974) infected 1-, 7- and 20-day old
laboratory-reared house sparrows and noted that Age of Sparrows

o

did not greatly affect the body size of adult P. noblei.

Gonad Size and Shapes:
The length and width of ovary increased as ‘much as 27% and
64% respectively when weight was added to the ccver slip during

slide preparation. . Similarly, anterior and . pcsterior - testes
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.inq;eased " as much ‘as "32% and 50%  in length and ~ width,
respectively. .

A major problem . in :identifying. species of the  genus

;Haegatoldechus has ‘been . the lack of experimental data on
character changes with increasing size of worms. My eXperimental
evidence of pronounced age-related variation in gonad size and
shape.ﬁﬂothrthe ovary and testes continued to increase in length
and_uiﬁﬁh during the study period. Ovaries changed - from smcoth
to . highly lobed, and testes either remained smooth or became
highly lobed.

. Several authors have used the degree of lobing:  in ovaries
-and . in: testes as a species-specific character., .Ingles {(1936)
~used .it to help.bimrdistinguish¥§‘u@ggggggigv(bvary never lobed)
f;om §,¢p§£gig;ggg§-(ovaryhdeeply' lobed). . Ingles h(1§32)“-also
used, it to separate H..confusus- (ovary and testes lobed)  from

~H...coloradensis (ovary and testes unlobed). .

Manter ({1938) in his key tO‘North'nmerican.species.of ‘frog
Aiqng - flukes -madelexténsiQe use of degree of.lobation'ofﬂtéstes
and ovary:to separate species. .

The ‘ovary and testes were'smaller in‘ worms maintained in
;hcs§5:.at 270C -compared with worms developed at 209C. .This
response to temperaturejproduced longer  and wider ’wormsh'with
__smaller_'gonads at- 27°C - than at 20°C.,'Thié is an important
.observation_because-frogs are often collecfedn~from ‘different
. areas with vastly different environmental conditions
The  size of the ovary and testes and degree of lobation of

these organs vere also affected when wvworms were reared in
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different definitive hosts.. Flukes possessing unusually large
ovaries - were  obtained from  experimental infection in

~Rei.cXapitans: Infections in g;:éurogg-yielded adult worms with

BB %54

small ovaries. ,The ‘longest anterior testes were found . in worms
reared in R..clamitans, the smallest in worms from R. aurora.
However, the longest posterior testes were found in worms reared

in B. .boreas and the smallest in R. pretiosa. .

‘Sucker Size and oyA‘aatio:

‘The length and width of the oral sucker and acetabulus - of
fggu§3§§g§§i§{ ihcteased when weight waé added to thé coverslips
-during-sliﬁe:préparation;wSuc*e; size aléo varies .with age of
‘worm . and host - species.v An -increase in- siié:éfmtﬁe'éuckérs
hoqchr;ed-auring:the 60-day study;pe:iod;;§Oﬁever;:the~oya ratio

remained - fairly constant regardless of age of worm or. methad of
'RﬁﬁPQEAQIOW;J

"Blankespoor-(1970)'determined the effects of flattening and

fixation on morphology of adult g;ggiorchisﬁgdblei- Park, - 1936

ol e e e o L

developed in a five-day o0ld chick. .He found that various degrees
of flattening had little effect on the size-ratio of muscular
structures such as the oral . sucker and acetabulum. Similar

resilts were found by Boddeke (1960a) in his studies with the

fluke‘Prosthdgdﬁiggg*dva;§§=Rudolphi, 1803, . He "concluded that
fthex;only' taxonomic character useful in distinguishing species
‘within’ that genus-is the ratio between the diameter of the oral

‘and. ventral suckers., .
. Blankespoor  {1974) reported the’ unreliability of sucker

size in- Plagiorchis noblei -reared in a variety of avian and
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‘ﬁammqlian‘“hosts;f'ﬁouever,- he ' noted that fhe O/A ratio.aas a
stableutaxonbmic:character in adults of this species. Berrie
(1960} . . Boddeke: (1960a) and Watertor (1967) have also found
“significant differences in sucker size between adult flukes

recovered freom different host species..

Spination:

My experiments deﬁqﬁstrated that disti;led'watér.caused
liv§n§.1223§§g§L§fto”lose spiges;-?he-varmer'the water the more
;api§ ;he »1oss.,This finding .is important because 'some workers
-(Copt,‘.TSjSayu aésemhlgd their specimens in vgter ‘bgfore

fixation, - The presence - oOr -absence of spines has been used to

separate the following species:

- H.-icoloradensis (Cort, 1915a) {spined) fronm gt;COm.léxggw(Seély,
1906)%(nd’spines)~
fg.qgggfusuS’Ingles, 1932 (spines)"froﬁvg;,gxgor»h s-Ingles 1932

{no spines)

- B..tupidus - Ingles, 1932 (spined) from H. kernensis Ingles, 1932

< (no’ spines) |
Spinatiqn was nqt affected‘by: ﬁlukerage}.species." S€ex or

size.  of ~host; or temperature atvvhichtthg'infected hqstwu;s

. maintained.

Egg ‘Size:

'Egg ‘size did not differ in flukes older than 21 days.. Eggs
averaging 0.02% by 0,016 in. size were found in the anterior
portion of -the uterus in 21— to 60-day old worms. Egg -size was

‘not affected by any of the other variables investigated..
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Extracaecal Loops:

The lengths of the extracaecal loops differed in flukes
from different frog hosts as well as from different insect hosts
{Figs. 29-35, Table 7). The variations found experimentally for
H. buttensis overlap those reported as being a distinguishing
feature for H. floedae and H. parviplexus . Measurements from
three other described species that have extracaecal uterine
loops ( H. similiplexus, H. uniplexus and H. varicplexus ) also
fall within the range of those described here. This suggests

that a single highly variable species may be present and nct six

distinct species.

Distribution of the Vitellaria:

This thesis has demonstrated that vitelline distribution
was affected by developing in different definitive hosts.
Vitelline follicles extended further anterior in worms reared in
R. preticsa or B. boreas than in worms reared in R. aurora or

R. c¢lapitans., The band of vitellaria extending across the worms

developed in R. pretiosa and B. boreas was incomplete or absent

in worms developed in R. aurora and R. clamitans.
Rankin 1937y, Hharton {1940), - Watertor {(19%87) and
Blankespoor (1974) have also shown the unreliability of

vitelline distribution as a taxoncwmic character.

Summarys
Several trematode species have been shown tc undergo
morphclogical changes when subjected to various methods of

fixation or flattening, These changes make it very difficult to
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compare the absolute size and shape of various flukes when

different'handling7proceduresvare_used.JThus, statements such as

"It r ~§5}varioplexus- Stafford,  1902) ";ivals No.2 f
H..breviplexus ] in size" (Stafford, 1902, p.906): "the pharynx
¥as ;somewhatfsmaller.than is-usuai" { H. floedae Harwood, 1932]
(Man%er,»1938, P..31) ‘and "The specimens ofzg.%lgggigigzggw-from
R. . pipiens are on the averaQE'smaller_thannthose'described by
stafford from the bullfrog" (Cort, 19153, p. 213), are difficult
to 1nterpret." |
- Changes in:- fluke morphology resulting from different
methods of fixation and'tléttening have also been demonstrated
by = H9lmer {1950) , workinq. vith the trematode
Postharmostomum helicis - (Leidy, 1847); Gilford (1955), working
ithg5;§g§§ggg§g§ggg§~3esperti;i pis Macy, 1940 fronm bats; .and
pyqungel- {1959) working - with Plgg igrchis macylosys (Rudolphi,
18029 |
Kaveiaaré and Bourns {1968) - indicqted “th§t many of ‘the

differences seen in adult~P1agiotchis«peterborggsis-Kavalaars

and Bourns; 1968'ieared in a - 1abpratory mouse  (  Mus musculus
Linnaeus, 1758),  resulted - from various killing methods and
degrees 6f-f1attening;n |
The validity of a species, in»a gfonp, sh0gld be ca:efully
cogsidexed when-‘characterSj’used-for species determination are
altered by changing handling techniques, The degree of variation
caused by various procedures should be studied for each qroup,
and:an effort be made to standardize these procedures. .
A major  problem in identifying ' species of the. genus

1Hagga§glgechus- has been the 1lack - of experimental data on-

e o A .
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host-induced morphological modifications..

4In.'the -present study I have demonstrated that - adult
H, buttensis can -be experimentally estahlished in - four species
of définitive* hosts aﬁd "three species of insect second
intermediate hosts. H. .buttensis has previously been described
from . two other frog hosts { R. boylei, and=§f¢ca%éébei@g§45hav,
.1802) .{Appendix 23)..The apparent lack of - host specificity in
laboratory infections, as well as the morpholegical variations
“which occurred in flukes developed'in‘different~frog-andl‘igégg;
hosts, ‘casts doubt on ‘the use of hOSt $pecjfi¢ity-albne'fbr

‘iHOSt-specificity of adult trematodes ‘has been used in
__§eparating one- species froa another; - yet mgrphological
»differehcgs that constitute the criteria for the definition of
_new:speciesvmay~he“tbe result of ‘the ‘influence:of ‘the particular
“host:species (Stumkard, 1957)..

- Rankin {1938) noted considerable variation: in characters in
‘spggieSwefwggaghxgggliggfccllected.fromwtwenty different species
of -salamanders. . This variation rendered identification of the
- flukes with described species impossible. As a- result of - his
study,.Rankin~(1938) reduced t#élve'speciesato'éynonymy{ﬁsimilar
conclusions from studies on: other flukes have.béen g;rivad at by
Beavér-(1937}; Boddeke (1960a), Kinsella (1?11)7and others. .

The characters which appéar “to be the most stable in

A — . o oo o

éug;;buttenSiS'and cqnseguently'mayﬂhave-the-'greateSt?ﬁvalué~-for

separating species of \Haeﬁgggigechusi are: the 0/A ratio, egg

size ~of 21-day old and older worms, position of the -extracaecal

loops relative . the the - testes. and ovary, spination of the



tegumént and position of -theé testes. .
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v‘-PART'II.;TAXONOHY-AND*ﬂOﬁPHOLOGICAL VARTATION

- Introduction

.. Our present knowledge of ' species of"ggggggglgégﬁggm from
Canada and the United States. is ‘spotty. .Most published regports
of nev species deal only Qiihuonéwdr~tuo localities which are.
~usually - close together - {Stafford, 1902; Cort, 1915a; Ingles,
1932,1936; and others), :Brooks (1976) -has noted that a large
nunber of - amphibian . parasiite surveys have been published. in
- North America, but in  most cases, : unless new taxa —were
described, no - morphological data - have been - .presented or
specimens made available by deposition in a  museum collection. .
To date no attempt has been made . to  collect-over a-broad
geographical area and to make . intraspecific and - interspecific
comparisons . of characters -regarded as important in separating

species of this group.. |
A study was undertaken to assess the variation . inm certain
-chggacters from - flukes rcollected - from several localities in
Canadafand-the United States. GEmphasis is placed on: - those

characters previously used to delineate spedies'in~this group.. .

Materials and Methods
- Collections of trematodes made  from  British Columbia,
Alberta, Saskatchewan, Washington and Oregon by the author, were
examined for variation. .
Shipments of - live frogs were: sent by  air by several
'Canadian:uaﬁd American. collectors to the University of British

Colunbia. .Fresh material was dissected on arrival and - flukes
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recovered from the 1lungs were fixed in hot 70% alcohocl and
stained with Harris's Haematoxylin (see Appendix 3 for
procedure), Host species, sex, size and presence of other worn
parasites were alsc recorded. Twc thousand c¢ne hundred and
sixty-two 1lung flukes <collected in this manner were examined.
Slides of specimens borrowed from private and institutional
collections were also examined for variation., The total number

of specimens examined from these sources was 422,

Results
In the present study, 2851 amphibians, representing 14
species and five families, were collected and examined for
natural infections of Haematoloechus by the author (Table 8).
Natural infections were found in seven species representing two
families. Within the family Ranidae, frog species

R. catesbeiana, R. clamitans, R. pipiens, R. pretiesa- and

R. sylvatica LeConte, 1825 contained natural infections of

Haematoloechus, as did toads Bufgo americanus Hclbrock, 1836 and

i — s i S e i o s e -

—

natural infections was found in members of the Ranidae.

Other known definitive hosts of Haematoloechus in Canada
and the United States-are given in Appendix 23.
Of the 2851 frogs examined in this investigation, 1090

(38.2%) harbored infections of Haematoloechus. Prevalence? of

natural infections among these hosts ranged from 2.9 to 64.0

percent, The highest prevalence of infection was in Rana pirpiens

2Prevalence is defined here as the percent of animals in a
population which are infected,



- (64.0%) and in R. .pretiosa {(46.5%).

90



91

Table 8. Summary of amphibian hosts examined for natural

infections of Haematoloechus spp-

%
Host # adults # infected Lung fluke
examined ' present
Ranidae
Rana aurora 65 0 .
R. catesbeiana 81 14 H. longiplexus
R. clamitans 112 1 H, longiplexus
' ' H. breviplexus
R. pipiens 602 385 “H. medioplexus
R. pretiosa 1405 653 H. medioplexus
: H. battensis -
R. sylvatica 77 18 H. parviplexus
R. grylio Stejneger,1901 32 0
Hylidae
Hyla regilla 196 0
Pseudacris triseriata 12 0
Bufonidae
Bufo americanus 8 2 H. mediOplexﬁs
B, boreas 243 7 H. buttensis
B. marinus 3 0
Scaphiopodidae
Scaphiopus hammondi 5 0
Ascaphidae
Ascaphus truei 10 0
Total 2851 1090

Identifications are based on type descri

ptions and type specimens,
when available.
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;$§gm,m;ximum“ number of flukes recovered frcm a single frog
{R./clamitans) was 358, The mean3 number of flukes per infected
g,ﬂpggziggg was 3.8 and for R. .clamitans it was 64, The high
mean . found in B..clamitans was a result. of large numbers of

- flukes - in- two ~of the infected frogs.. The  specimens of

: collected - from Maple Ridge, B:iC. . contained both
ngyggggiﬁgég and H. breviplexus. The ‘remaining - nine- infected
g3¢%ggggiggg contained only: H._Qg__lg;.ggg.ﬂ All?_other frogs
-collected from any omne locality contained only~aisiﬁgle species
~of Haematoloechus.

Examination  of prepared slides of‘gggggxglggg§g§kand'uorm
specimens fixed and sent_ih'viaISMSdppIied-an<aaditionals~50urce
of flukes for examination, This material represents collections
by-many.peopie7from-numerous locations ‘throughout Canada and the
"United States. ‘A total of 2584 specimens was examined. .

_ variations iﬂ.charactérsvpreviouSly<considered'aScimportant-
for separating species in-this genus will be discussed . for - the

gahpvewmaterial~nndér each.SPecieS'heading.f

7§The mean number of parasxtes per infected host. called the
,1nten51ty of ‘infection by some authors. .
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"Generic Diagnosis

-HaegatoléecﬁusuLooss,~1899

Syn.: . Pneumonoeces Looss, 1902 -

- Ostiolum Pratt, 1903

- Pneumobites Ward, ‘1917 .

.Lﬁipeﬁ'genus - Haematoloechus Looss, 1899 is here defined as
follows: (modified after Yamaguti, 1971)
.ﬁaematoldethidae.ﬁﬁody elongate, spinose or not. . Acetabulum in
anterior.. or middle third of body, and usually smaller than the
bral;sucker;JTéstes obligue or symmetrical, in posterior half of
body¢~fcirrué~“and ‘cirrus pouch present, ~containing senrinal
vesicle. - Genital pore ventral to pharynx. Ovary lobed or not,
H;closefto;acetabulum.;Seminal'receptacle large, often -larger than
_ovarys.Laurer's canal absent. Vitellaria follicular, dorsal and
;gayegﬁli'extending_for variable ‘length, .Uterus coiled, occupying
;mgstléfyhindbody, with or without. extracaecal uterine loops. .The
ascending limb passes intercaéCally‘through the forebody. . Eqgs,
nuperous, embryonated, do  not hatch until ingested by
_appropriate smnail, Excretory vesicle Y-shaped. Parasitic:in -the

- lungs - . of  Anura.. Type species  Haematoloechus variegatus-

(Rndolphi;.1819)vLooss,=1899;ﬁ
‘Species of this genus considered valid from :North America
‘quﬁbggdivided‘into~£uo groups:

- Group I: Extracaecal uterine loops are present and . extend

;apgg:iad for varying lengths, . This- group includes
H.longiplexus, H. breviplexus,-  H. varicplexus, and

- Ho - kernensis. .

”"»

Group II: extracaecal uterine loops are-atsent. This group



includes: g.-',_@edi.?dpg_.exm and H. .,.--com?gléz;gg-- .

9y
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valid Species
Group I -

i i - s e e Sl S . W

Haepatoloechus longiplexus Stafford, 1902: 901, .

 Pneg§pn9eces :16ng;p1égg§;Stafford,,1905: 687. . -

, gnEHEObitesalohgig;gggg{Ward, 1917: 5. .

4R§+description (measurements based on 20 specimens):

Body elongate, 4.90=8.64 (5.86) long by  1.50=2.27- (1.77)
vide. Tequment spined or not, :Oral sucker terminal, 0.286-0.%69
- (0.380): long by 0.330=0.512 (0.149) widé;;*Acetabulum - medial,
slightly . posterior of ovary, 0.18-0.260 {0.197) wide..O/A ratio
1.6:1,0 to 2.,6:2%.0 - (2.2:1.0).  Pharynx muscular, O0.165-0.336
- {Q.2483) - long by -0;}5ﬂ;0.276-1ﬂ;26)-wide;40/9~ratio 1.9:1.0 to
2.5:1.0 (2+2:31.0). . Intestinal ‘caeca” narrow tubes, extending to
near -posterior extremity.:. Testes parallel, elongate, lobed or
not. ;Ovary ‘lobed or not, anterior .to acetabulum, pretesticular., .
:Ex&?acaécél.uterine“100ps‘present;'extendiﬁg.anterior beyond the .
ovéry,,oftEn-exténding to: the level of -the pharynx. Genital pore
ventrqlsvto-pharynx;¢Vitellariasfollicular;sSYmmetric;liv_glgced
.on eachysidéyof@the body.  Extent .ranging from fabopt level of
.intestinal bifurcation, and tgrminatinqucéteriqr to the testes. .
Eggs‘OPerculaté,'0.022+0;025410;0?3}=10nq by -0, 015~0,.018. (0.0 16)
.yide.,"

. Host: Rapa catesbeiana. ..

Site of infection: lungs. .
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Specimens examined:
Thirty-one specimens, Nova Scotia, Halifax ex

R..catesbeiana, {Mr.. and MNrs,. Eonnyman), -author's coll.; 2

speéimens, Iowa, ex R. .catesbeiana, Dr. R. Campbell coll,; 110
‘specimens, Nebraska,-ex:g'gg§§g§gg;§gg,‘H;ﬁ;ﬁﬂanter.Laboratories
: co}l;;123 speéiméns, New York, ex’.g‘,ggﬁggﬁgigng, -author?s
cell.; 17 specimens, oOntario, - Belleville, ex-g‘yggsgghgiggg,

author's coll.; 20 specimens, British Columbia, Maple Ridge, ex

g,;catesbeiana; author?s coll. Type specimens were‘not:available

to ‘the author. .
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Pig.40: - Baematoloechus paryiplexus

R '4?ﬁ§2ﬁ9&9§§§§*Eﬂ!!iﬁl§32§ of Irwin, . 1929)
;iﬂq!, i redrawn from the type sSpecimen. .

_z;;,g,;,;gp,;_,. ‘H§..breviplexus redrawn from Stafford ;1,962»);'.- .

5?i§v923 '~§;migggiglg§g§-redrawn:from.Stafford“(i9OZL¢}
.éeveral‘structures have béenuomitted‘for clarity. All  specimens

~are . depicted in ventral view. Stafford (1902) diad not give a

scale to his drawings and sc'ab301ﬁte‘siie-iS'.unknown for his

type drawings. -
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Discussion:

Stafford {1902) described - H. longiplexus- as being

;gpineless;gﬂis type material for this species was not available
for examination.. However, of the 203 specimens examined by me,
from. six localities (Map 1), 170 had spines., . All flukes fren
Iowa:..Belleville, Ontario; Maple Ridge, B.C.,; and New York had
spines; 12.9% ' {(4/31) - of - the worms from Halifax and 26.,4%"
(29/110) from Nebraska had none. .

J'Ehe_‘ extracaecal . ‘loops in gwgigggiglggggu commonly 1lie
‘_bgyweepthe'posterior border of the pharynx at their greatest
Jextent. and 1/2 the disténce bétween:the~ovaiy and pharynx at
‘thei:f}eaSt extent (Pigs. .43 and W44),  The position of . these
- loops., did not vary in vorms from different collection sites..The
folldwing:'results are basea on -203 worms examined: 69% of the
rworms,hadtuterine'loopé of equal or nearlégual iéngth-yéf~these,
55% -had botﬁ 10¢p3';ea¢hipg the level of the pharynx or 90% of
. the distance from the ovary to the pharynx. Twenty—eight percent
had  the‘ loopS»:extending 75~85% of this distance and sixteen
percent. had loops extending- abdut" one-half the ~distance..
Thirty-one percent of*the'§9ecimepsyhad.uterine loops of unegual
.leng th. - Of -these, 72.7% had shorter left uterine loops, Extreme
l#ariation/in extracaecal loop extent: occﬁrred ~in 2% . of the
specimens examined from Nebraska (Fig. 45 and 47)..

Elongate, parallel or ‘near parallel testes (Fig. . 4%)
occurred in 98% of the specimens. . Abnormal testes position
~ involved either ‘the left or right testis (Pig. .45 and 47). These
specimens were also from Nebraska. .

Eighty percent of - the anterior and posterior testes were
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unlobed. Twenty percent of the ' anterior and-;ppsiérior%%testes
- were lobed and 51.5% of :‘the ovaries were lobed, #8.5% unlobed. . .
. The O/A ratio ranged from 1.5:1.0 to 2.8:1.0 with a mean of
2.131.0. . Variations in the . O/A:ratios between populations of
hﬁ-yigggiglggggvareﬁgiven:ind&ap 1. . There  was no significant
difference in  +the O0O/A ratio when the means of five localities
were compared using a one-way analysis of variance., The Iowa
sample ' was too 'small to be compared with those from cther

localities. .

The ratio between the ‘transverse diameters of the .cral

—=FiYe different localities. The 0/P ratio had a range of 1.9:1.0
=tow@@ﬁﬂ@ﬁoﬂandfh¥méanwof'2.2:1J0:ﬁ,
i Egg lengths and widths - did :not differ in flukes. from

diffgrent,locali;ies‘(Fig.fﬂeyﬁ;



. Map A. -

Variation in O/A ratio between populations
of H. longiplexus. Each locality shows the

mean (horizontal 1line), standard deviation

(open rectangle), and range (vertical line).,

The samples size is given below each range.
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. Pig. 43

Fig. 44
Fig. 45
Fig. 46

. Fig.u']

H. .longiplexus -  showing variation:  in
extracaecal uterine loops..

H..longiplexus-  showing variation in
extracaecal uterine. loops. .

abnqrmal extegt'ofwextracaecal uterine lcops
in~ﬁ~wl9§siai§§g§‘;

Abnormal extent of-extradaecal-uterine loops

in-H. longiplexus.

- Abnormal testes position in - H.. lcngiplexus. .
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" VYariation in egg neasurements of

H. .longiplexus from different localities,

indicating the  mean, range, and standard

-deviation (open rectangle), vwith the sample:

size indicated for each locality,
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- Haematoloechus breviplexus-Stafford

Haematoloechus breviplexus Stafford, . 1902: 904, ,

(Fig. .81 -

 %gpegggnpeCusﬁéreviglegggWStafford;'1905;‘687-,

-?neumobitesﬂhrévigiegg§~aard,:1917#-5;;

Re-description (based on 20 specimens)::

- Body elongate 7.13-10.99 (8.86) long by 1.80=2.27 - {2.06)
wide.. Tegument SPiﬁed'O§“ndFa;0ra1,suC£er“terminaif0.Q65;05573
(0.526) 40 long by 0.462~0,558 "(0.489) wide. . Acetabulum medial,
may . overlie the ovary or be-anterior to it, 0.165-0,198 :(0.176)
wide. O/A ratio 2.3:1.0 to 3.4:1.0 (2.8:1.0). Pharynx muscular,
0.198-0.264 (0.225) ‘long by 0.209-0.252 (0.236) wide.,Oy/P ratio
1,851;0 to 2.4:1,0 (2.1:1.0). Intestinal caecai’ na;roy tubes,
.extending to near posteriqr.egtremity.;Testes,.elongate,noverlap
from 35% to 60% of -their lengths, lobed or not. _.Ovary lobed or
not preteSticular.,Eitraéaecal uterine 1loops presgnt;A'exgend
from. . the anterior border of the._pqsteyioyfftestis,' to the
- posterior border cfgtﬁe ovary.:Genital'pore.ventral'to- pharynx, -
. Vitellaria, follicular, symmetrically placed on each side of the
body. Extent ranging from about level of intestinal~hi£urcatidn,
andq:te:minating"posterior”:to - the testes.;-qus .operculate,

-0.019<045025" (0.023) ‘long by 0.015-0.019 (0.017y, wide. ,

Hq§t;a§¢ycatésbéiana,-gawdlamitansjmg;ngiiiQQQQAW'
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Site ‘cf infection: Lungs

Specimens examineds

Seventeen -specimens, British - Columbia, Maple Ridge, ex..

R. catesbeiana, authort's -coll.; 1 specinen, Florida,

~ Jacksonville, ex - R.. gtricularia, Dr.. 6.J..  Bowers coll.; 3

specimens,. Louisiana, - Avery Island, -ex g.aggxiig, Dr. . M.L..

Eberhard coil;:-3'specimens,’ﬂaSSachusetts,-North Dartmouth,  ex
- Rei,catespeiana, Dr. . R.A.. Canmpbell coXl, : 1 specinmen,
Mississippi, ex -g,,gggggggigng,-;nr.; J.D. Lynch ' coll. 10
- specimens, Nevada, LasVegas,'ex*g.;gggggggigngg.Dr.;B.B.VBAhero

- coll,; 10 specimens, Nova :Scotia, Halifax, ex -R.-.catesbeiapa,

»{8ir, ;and MHrs, Bonnyman), author's coll.;'12 specimens, Ontario,

Belleville, ex R. .catesbeiana, (Dr.. R.J.G. . Lester), authort

coll.; 5 specimens,: Virginia, Richmond, ex: RB..clamitans, Dr.

R, Ay Campbell coll. Type specimens were not available to . the

authora, 

. Discussion:
Sixty-six "ﬁfggreviglexg§~from ten localities in Canada and
thepUnitédistatesrierefexamined-for,variation--in taxoaomiéally

important characters (Map 2). .

“No . significant difference in characters of flukes from the

different localities occurred. ;-Too few samples of R, grylio;

R, utricularia - Harlan, 1826 and R..clamitans were obtained to

test for differences in flukes from different hosts.  The
following results represent pooled data from all localities. .
- Spines ' were located on the anterior: one—third of the

tegument of flukes from Nevada and Louisiana. Two specimens from
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yitginia'did{notvhavevspines.Jﬂllrother:specimens exanined had
spines over5fheir’Qntire“surface.ﬁ
The ovary was lobed in 81.5% of ‘the flukes and smooth in
18;53;;TéStés+wére lobed in 76.9% of the worms and unlobed ' in
23.1%..: Neither testis was lobed more freguently than' the other. .
Bathxtgste5=wereielongate and-overlappéd'forfat:least'1/3»-their
.length. .
.. Stafford, 1902 used the .arrangement of the uterus as a
useful .character for - . separating - H. longiplexus-  from
_mggwggggiglegg§.,'ﬂe noted that the extracaecal uterine loops in

+He.. . breviplexus do¢ - not extend beyond the posterior - testis,

vfwhe;eas, in ﬂ.&longiplgxus.they extend nearly to the pharynx. .

-1 found the extracaecal loops in H. :breviplexus to extend

 ;Q4th§11evel of the ovary. The right loop is most fnééuently-the
longer (7%.4% of the cases) and ranged  from 1/2 the -distance
~along . the length of the ovary to the level of ‘the ovary. The
,1eft.1obp?ranged frc§<thé level of .the:posterior testis to 1/2
the distance along the 1length . of the posterior testis. . Thus

eXUS ,

Edespite the close morphological resemblance to > H.u.;
the,_tyOw-spéciES~ do differ in the extent of ‘their extracaecal
-uterine loops, -

The O/A ratio ranged from 2.1:1.0 to 3.4:1.0 with a mean of
2.8:1.0. .The. /P ratio 4id not differ in flukes from different
localities. This:- ratio ranged from 1.4:1.0 to-2.4:7.0 {2.0:1.0).

“Egg lengths ranged from 0.019 to 0.025 {0.021) -and egg

width- from 0.015 to 0.018 '(0.016)..
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Map 2. - Areas providing sanples of . H. breviplexus. -

Sample "size is represented in the circles. .
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.- Haematoloechus varioplexus Stafford

Haegatglggéhusugggigglgggg'Stafford,'1902:w906;,”

-.ﬁae@aialpééhus-Siﬁiliplexuswstafford,:1902: 907 .

(Fig. .64) -

Haepatoloechus parviplexus (Irwin, 1929): 74.  :syn. nov..

(Fig.“QO)*

~Ha£gatoloechg§»§;gedag Harwood, '1932: 16.;a§1§¢;“nove;;
(Fig. 66)

vHaegatoldechug“gglglegg§ Harwood, 1932::18;;v§2g.,5hov;¢

. st

(FPig.  67) -

Haematoloeéhuvauttensis~Ingles;g1936$,7&gg sxng,wgg§;;

(Fig. .63) :

ﬁé—descriptién {based on. 78 specimens):

Body 4elongate, 3.57<-11.75 {6.19) :long bny;?Bf‘#.Ozl(ﬁ.31)~
wide., Te§umen§ (spinedtg Oralk-Suckér_ terminal,  90.039-0.589
(0.340)long by 0.187=0.589 (0.317) - wide, . Acetabulum medial, -

.overlies.the ovary, 0:,066-0.363  (0.156)-:wide. ;0/A ratio - 1.1:1.0
to_3f§;4.0_(2.3:4;9:.5Phapygx mnscu;ar,f05119&0.297~{0.175} long
by  0.110-0.314 (0.165) wide., O/P ratio 1.2:1.0 to 2.3:1.0
-‘(qb3;1m0y‘ﬁlgtes;inalﬁcae§an narrqu_tnbes,-extending“to near-the
posterior extremity., 6 Testes tandem  or -oblique, round to
elliptical, smooth or lobed. Ovary lobed or not, pretesticular. .
Extracaecal uterine 1loops present,=vexténding antériox- to
anterior border of the posterior testis, occasionally extending
to mid-region of -anterior - testis. . Genital gpore  ventral - to

pharynx, Vitellaria follicular,  variable in. distributien-f;;‘
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Extent ~ranging <from midwvay between ovary and pharynx . to
posterior to the posterior.testis on the side opposite the. ovary
r to.the. middle of -the posterior testis on the ovarian side. ;
| Eggs.Qpetcélaté;=0.018;d;033'10;028}flong by 0.013-0.031 (0.017)
- wide. .

wuwpﬁqstsﬁﬁgwtséiéségianz:ﬁayw;légi_ga§:'ﬁﬁavﬁiéig_gz-‘zwéiaigin

Mecham, * Littlejohn, Oldham, Brown and Brown, 1973;- R..pretiosa

" Site of infection:lungs.. :
Spegimens'examined:u
A.. . B. parviplexus:
| 'g 71 specinens, British Célamhia,-exbwg.ygﬁliéﬂica;
a-aufho:!Sy - cold.; 83 specimens, Nebraska, ex

g g’g{“it’*g"s'hg;‘ ana,- H.¥W. .Manter Laboratories coll.; 1

- Heyaridplexus / H. . sipiliplexus :
12 specimens, Ontario, ex B..clamitans,  Mr.. 8. .
u-saket's» c@li.k>;— 10 specimens, VVirginia, exX
‘R« cateshbeiapa, - Dr. R.A.. Campbell -coll.; 23

7 ————

specimens, Nebraska, ex R. . pipieps, R. blairi,

- B.- . woodhousei, H.W.. Manter Laboratories coll.

~ Type specimens were not available to=§he'au§hor.}

€...  -B. buttensis:
‘One . thousand - five hundred sixty-two specimens,
British Columhia,vex~g.,pgg§;9§g, author's coll.,;
.1 tjpewsp§cimen,PU.S.N.E.,Helm.;Coll;QNo.;8926.,<

1 type specimen, U.S.N.M. Helm..Coll..No. .30879..
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E. -H. .uniplexus:

1 type specimen, U.S.N.M. Helm. Coll. No. 30880.

Discussion:
- He-parviplexus -
. Ope=hundred and fifty-four specimens. of *ﬁ.;pg;gigl§z£§,
. from five localities, were examined for variation in characters
- used to distinguish this species from - other North American

. members. of Haematoloechus. .

-‘The ovaries were lobed in 87.1%.and unlobed in 12.9% .of the
specimens - examined., The anterior testis was lobed: in 17.9%.and
. unlobed in 82.1% while the posterior testis was lobed in 14.3%
and unlobed-in 85,7% of the specimens. .

. The ©/A ratio could be determined for 139 of the flukes..
.The acetabulum could not be located in the other 15 flukes so a
:atio ~could ‘not be calculated., A one-way analysis of variance
. follcwed by a Wewman—-Kiuls Multiple Range Test was used to - test
- for  significance between the means of the - five localities
sampled, There was no significant difference between the ©means
of  flukes from vanderhoof, Slim Lake, or McBride {Fig.  49), Al
of these flukes occurred in :ggggwsligggigg.;“The Atkinson,
Nebraska, sample had a mean significantly different from that of
the. British Cclumbia samples (« £0,001) : The Humboldt sample was
~also significantiy different frcm-the British Columbia sanmple
(<< 0.001) and from the Atkinson sanple (& <0;001¥;;The-sémples
from Nebraska were from R..catesbeiana. .

~ The 0/P ratio ranged from 1.2:1.0 %o 2.1:1.0 (1.5:1.0)

This ratioﬂdid-not-diffet;Significahtlynin flukes-fron different



110

1ocalities or hosts.

.-Variations in the extent of -the extracaecal;lqdp,vbetueen
localities sampled, did not differ. A description of the
yariation;in-extracaecal~loops is given from pooled results. .The

teqgqument of all specimens had spines. .



Fig-fu9

0/A ratios of H. parviplezus - from

collections made imn. British Columbia  and

Nebraska. .

- The range, mean and standard deviation-

{open rectangle) are given, ,Sample size is

illﬁsirated at . the  lower limit of each

range, ,

1M1
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| ,.Extracaecal.uterine lcops were - egqual or mnear equal in
length .in 31.9%. of the flukes examined; the right. loop longer
than: the left in 41.7% and the left longer than the right in
- 26.8%  of the flukes. - The left extracaecal loop was absent in-
- 4.,2% of the cases. When both ‘loops are present and of equal or
near equal length,  the variation in extent is from 1/2 the
distance from the pbsteric: end- to the posterior border of . the
poste:ior'“testis “to- 3/4 the distance along the leggth of the
posterior testis. The average extent is 173 the distance - along
_the . length of ‘the posterior ::-testis. . When the right locp is
4.longer-thanfthe"Ieft‘~it extends between 1/5  and 9/10  the
}_Qistapge*'aIOBQ jfhe%length of ‘the posterior testis, ‘with a mean
.of. 52.6%, The. left loop ranges from just reaching the. posterior
- border . of the prterior-testisit§ 25;?%.the distance~élong the
- posterior testis. .When the 1efts16pp is longest it extends from
20% . to  80% this disténCe, with a mean of S4,5%. The right loop
extends. from 18% to 56%, Qith a mean of 30.4%. . Some variétions
in ovary and testis shape and in uterine loops are given in
"FPigures 50 to 52.

There is no significant difference in widths of eggs from
‘different ' localities or in the length-of eggs from vanderhoof,
Slim Lake, MNcBride  and -Humboldt : (Fig. - 53).  ~Flukes - from
' vanderhoof, - S1lim Lake and McBride - had: R+ .Sylvatica as their
Vdefiyi;iveehGStmk-

Flukes - from Nevada had as their definitive host

: ﬁﬁFQatgsbéiana.u~The ‘eqg  lengths . in. flukes:from R. .sylvatica-

differed.signiﬁicantly frem flukes from R. catesbeiana- from

Atkingon, {+<0,005). . Egg 1lengths of flukes from Humboldt
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differed significantly from those of worms - from Atkinson

(X<0.001). The tegument of all specimens had spines. -

s v r T T

st
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Fig...50 to 52. .Some variatioens in shape of ovaries and
testes and in extent of extracaecal uterine

loops in H. parviplexus. .
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. Pig...53 ‘Length and width of -eggs of g;tpg?viglggggl
from different 1ocalities,iindicating" mean,
standard deviation (vgrticglvregggngle}, and
the range '(vertical line), with the sample
size and - frog hoét indicated for ' egChl

location., .
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H. . varioplexus and:- H. similiplexus

BNty

Seventy-five specimens of flukes  labelled either
ggngg;igglgxg§ or H. similiplexus:were examined. The 'range in
~variation of characters - used to separate H. similiplexus- fronm
H. varioplexus was too greﬁt tc be certain of positive
identification‘.,Therefore specimens‘1abelled«§;mig£igﬂlgzﬁgmand
‘H.: sipiliplexus were treated according to host.

The O/A ratio of flukes from different localities and
different hosts were calculated and are ‘presented in Figqure Su..
A Newman-Keuls MNultiple Range Test was  used . to: test for
significance of means between samples from different localities.
There is no significant ‘difference between flukes collected from
."Genoa.: and Linccin; Nebraska when the. host is R.:pipiens..
However, - there is a significant difference between these flukes
and worms from Genoa recovered from B, #Woodhousei - (X =0.029. - &
gighificant- difference between flukes fromwggygggggggggjwand
R.-.pipiens also occurs when the data forcgfmgipiepsivare pooied

{%<£0.00 s The . 0/2 ratio. of flukes recovered . fronm

_;fgfggazgghgianawfrcm Richmond, Virginia differed :.from +those in

_ B.nglapitans  from ~long Point,  Ontario (=<0.05). The means,
.standardwdeviations and ranges are given for samples egual tc or
‘greater.-than four -and for pooled data (Fig. .54)..

The O/P ratio did not differ significantly in flukes fron
different  localities. : The rdtio ranged from 1.3:1.0 to 2.3:1.0



Fig,.54 -

o/A ratios -of - H. varioplexus and
H. similiplexus frcm different localities,
indicating the mean  , standard .deviation

{vertical rectangle) and the range (vertical

" line), ¥vith sample size and ‘' frog host

indicated for each location. .
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| bEgg measurempents from flukes from Nebraska did not differ
§;gpificantly;,‘Egg measuremeants of flukes from Long Pcint,
_Ontario:andfkichmbnd,=virgihia'differed significantly from each
_.other as well as from Nebraska (<<<0.001) (Fig. 5%5)..
- No-difference in extracaecal loops in flukes from different
~hosts or 1localities occurred. A description of ‘these ‘loops is
"giyeng$p¢indicaﬁe*iheir_variability.;
When both extracaecal loops: reached the posterior -testis
- (88.9%- of the time) the loops wvere of approximatelyrthe"same
length"iﬁ'u3;3%=ofuthe flukes. .In:35,1% of-the flukes the - right
loop’-was~ldngeStiaad in- 21.6% the left. When uterine loops were
of§near—egualﬁlength'they extend 40-65% the distance along the-
posterior. - testis. When tﬁe‘riéht'iédp“was longest it reached at
- least S0% the distance along the posterior testis. When the left
_ 1cbp-was longest it also reached at least 50% the distance along
the posterior testis. .

In 11.1% of the cases examined one or both uterine: lcops
failed .tO'reachxthe'posteridr'testis;,cf*these-cases, 16.7% had
loops. the same length and 66.7% had the right-loép- longer - than
‘the left; “é.a%ahad the left loop longest and 8,3% had the left
loop missing. Some of the variations in extent of extracaecal
loops are given in Figures 56 to 59..

Apterior and : posterior ~testes - and ovaries are commonly
unlobed. Only 2.6% of the anterior testis examined and 5.7% of
theh-pQSterio:nwteStis examined - were 1lobed, and 5.6% of all
ovaries: examined were: lobed. All . specimens had spines

distributed over the tegument,.



Fig. 55

Length and width of eggs of H.. varioplexus-

and

localities, indicating the: mean, standard

deviation (vertical rectangle) :and the range

(vertical:line), with the sample size and.

amphibian host indicated for each locality. .

from - different
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Pigures 56: to 59. .
Variations - in extent of extracaecal uterine

loops in H.:varidplexus. .
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*H. buttensis-

o ... .One thousand five hundred sixty-two ‘H. buttensis- collected
- from .seventy-four locations in British Columbia were examined..

. ~All.specimens wete from B..pretiosa-and wvere prepared by the
- author. .

- . Lobed ovaries were found in 93.8% of the specimens examined

- {Fig... 60). Anterior and posterior testes were lobed in 18.7% of
the flukes examined., Testes overlapped 15% to 50% of their
length, averaging 32.5% (Fig. -61)..

Extracaecal uterine loops are equal or near—equal -in length
,72.1%;Jof the time (Pig.. 62).  In these cases the right loop
. ranged: a distance of 1/4 the length of the posterior : testis to
- 3/4 the distance. At thé*same'time-the‘leftmloqp egte§d§‘1/2 the
distance - torthe:postérior'teStis from the end of the worm. When
the,rightlioop is longestuthevanterioraextent,of:thegrightv-loop
réacteﬁ a distance 1/3 the way along fhé’pcsterior testis. .When
thew;eftzextracaeCal lobb-is:longestuthe left loop extends, at
‘mcst;@-to-thevpdsterior margin of :the posterior testis. .In 9% .of
ﬁthe;f;gkes examined the right loop was absent. .

- The O/A ratio ranged from 2.,2:3%.0 to: 2.921.0 with an-
‘éygragev of 2.6:1.0.,. The  0/P  ratio -did not differ in flukes
collected frcm different localities. This ratio had a range of
+0.9:1.0 to'1.9:1.0 and a ‘mean of 1.4:1.0. .

No significant difference occﬂrredAin-égg;lengthS‘or in egg

- widths when fukes from different localities were compared. .Eqgs

. measured 0.020 to 0.025 {0.023) long by 0.016. to 0.018 (0.017)

”vide.;’

_ Spines covered the .entire body surface on all flukes. .
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Fig.60 Lobed ovaries and overlap of testes in H.: buttensi

'Fig.61debéd ovaries and overlap of testes in H. .

$i9-62 Extent of extracaecal uterine loops in: H. . bu



122A

A

T

Wwo'g




123

~Examination of the type specimen of-g.;ggzxgggigatﬂ.s;n.ﬂ;ﬁ
 Belp.,Coll.,No.ﬁ8926)- showed certain- - inconsistencies betwueen
description and observed mcrphology.

Ingles? drawing of the type specimen is in dorsal view, not

ventral view as stated by him. in the capticn. to. his Fiqure 3. .
This: view depicted the left extracaecal loop extending 1/3 along
the:length of the posterior testis, and the right loop did not
: reachuuthe»*postérior *testis. . Examination of the type specimen
;ipdigaﬁed that=both-extra¢aé¢alflopps‘just reach the 1level of
the posterior testis (Fig. 63). .

“Cuticle  armed with spines posteriorly to :the .acetabulum"®
{Ingles, 1936) . .There are spines over the entire body, but they
becone smdller.and-1ess~nhmerods_posterior of ‘the acetabulus,

vH.N§1§§daé~andvﬁ;wgniglggu

-— ¥ ¥ ———

N” %f0gly‘ the type specimens c¢f H. floedae-and H.-.upipleyus
_4zigs;¢f66 and 67) - were available  for examination.. These
specimené.‘Shoved some'~inConsisteﬁcies betveen description and
observed morphology. .
- HB.floedae (U.S.N.H. Helm. Coll. No. 30879):
Harwood described-gkwilggggg} as being Mentirely without
'spines®,” and that "the oral sucker measured 3.6 to 4.4 ‘mm in-
diamﬂtér," Pe .16,
fﬁf My examination of the tyre specimen - showed spines to be
Myﬁresent. "There are large spines.on the oral sucker and anterior
20% ofstheﬁuorm.;Spines.becomevsmallgr-posteriarly-y'
The 'oral 'sucker of the type specimen has a transverse

diameter - of -OQQBme.x'Therefcre I  feel Harwood?'s description
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should be amended to read: oral: sucker measures 0.36 to 0.44 nmm
in diameter. .

«. - The absence-of spines in H.  floedae-was one character. used

by Harwood to distinguish this. species. from H. parviplexu

Harwood (1932: 18) rego;ted that the "cuticuLa'_is,-smooth
qndwgwithéuthPihes.ﬁ However, I found small spinés over most of
the body surfacé and larger spines in the region of  ‘the . cral
suckér{ '

. No emphasis is placed on the snppdsed smooth nature;of>thev
‘tegument for species separation. . The wmain feature used - for
feccgﬁizing this- species is the single uterine. loop. . The
:validity.ofwthis;chatacter for identifying species in- this genus

. will be discussed in the: next section. .



. Pig..66.

‘?ig,yﬁ3ﬂ

, 'Fig..' '65

Fig..67:

Several
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»

"f§g§3g331§ redraun from the type material.

1=
L

=
.

N _
. .Similiplexus redrawn from Stafford (1902).

Qgggigﬁigggg-rédraun from Stafford (1902).

e

gfldegggfredrawn from the type specimen.

R}

.uniplexus redrawn from the type specimen. .

e e sl ey i e e

sifucturQS'have;been omitted for clarity. All specimens

are'dép;cted“in%the ventral view. Stafford (1902) -did not give a

'scale to his drawings and so absolute size is unknown for his

type drawings. .
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u . Haematoloechus kernensis Ingles

- Haematoloechus kernenmsis Ingles, -1932: 191..

 Ha£gatolQechg§'ghmidgg'tngles, 1932: 199.;a§xgsgrggg‘;

Description (based on' 2 speciimens):

Body elongate,"5;51-8.57w{?.00) long by 0.98-2,.93 - {1.95)
. wide..Tegumént spined..Oral sucker terminal, 0.369-0.614 (0.492)
long.. by: 0.351-0.693 (0.522) wide. Acetabulum medial, overlies
- the ovary or-anterior ‘to it, :0.292-0.759 (0.526) wide. .0/A ratio
©0.9:1.0 i tor 1.2:1.0  (1.1:1.0) . - Pharynx muscular, 0.27-0.498
- (0.353) = long- by 0.243-0.%73 (0.358) wide. O/P ratio - 1.4:1.0 to
1,&;1¢OW{1;5i1.0y,»Inteétinal“caecaﬂ narrow¥ tubes, extending to
near posterior «ektremity;,Testes ob1iqﬁé, round,alobed_oi not. .
‘Ovary .not lobed, pretesticular. - Extracaecal uterine  loops
 present,’ exten@ing- anieriorfvté the - postericr'*bofder of ‘the
-anterior,testis.,genital pore ventral to pharynx.  Vitellaria,
-follicular, symmetriéally. placed on- each side . of the body. .
- Extent ranging from midvay'betueen acetdbulum -and pharysx and
terminating posterior tc the posterior - testis on the side
opposite to the ovary and extending midvay-along the posterior
testis on the side of:the ovary. Eggs:operculate, 0.023-0.036

- (0.030) long by 0.016-0.020 {0.018) wide. .

.. Host: Bapa aurora-draytoni Camp, 1917

Site of infection: Lungs. -
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Speqimens examined:
One:type“specimen,vB.S#N,m;;Helm,}Coll.jNo.F~865#;. 1  type

specimen, U.S.N.M. Helm. .Ccll. No. 8657,



W 6 8 :

. 69 .

- Haepatoloechus complexus-

(PheumonoeceS»complgxgs of . Seely; -1906)

‘redrawn frem Seely (1906).  No scale given.

' H. kernensis redrawn from the type speciren,

H.tumidus redrawn from the type specimen. .

- 128
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Discussion:
Examination-of the type specimen of H..kermensis (U.S.N.M. .
.a?;@.g-Cﬁllrg No. /8654) -and H. tumpidus {(U.S.N.¥%. Helm. Coll. No..
5&§1j,1showed_certain inconsistencies between description and

obsétyed'morphology.“
- {Ingles  (1932) states that "The  cuticula of

o S L. . : .
- Haematoloechus kernensis-is entirely smooth, . .there being no

indication: of spines at any gplace," p..191..The absence of
spines is one of -the main: features tdistinguishing this. fluke
frem H. tumidas, ‘which is spined..

Examination . of the type material revealed the presence of
spines. < Spines .are sparsely distributed anterior. of . the
acetabulum, more..concentrated at:-the level of -the acetabulum and
posterior  to it, The 'tequment appears - to be sloughed off in
several élaces anterior to the acetabulum,  Spines -are present
around the middle portion  of the worm where the tegument is
intact.

- Ingles (1932) states that % Baematoloechus ‘tumidus differs

\froﬁ_all the previously described species of. this genus in being
. larger, "and in having the acetabulumsxlargér':than the .cral
Sucker,? p+200. ;However, Ingles measured the length and width of
living_aﬁiﬁals-gwhen=he measured monnted_specimens he found then
to behsmallef, butwevén then he felt their size to be 'generally
larger - than that of other ‘species of Haematoloechus previously
described;;size alone is é poor criterion to use in species
 separation of 1ung-f1qkes;;
vg.mggmiggg ‘differs from . H. kernmensis mainly in having

spines. - However, I have demonstrated th&t"ﬂ.«ﬁggnénsis‘ is
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.sginéd:; Therefore I fee; : that :the two_ species should be
synonynized and thatvg.ﬂggg§§g§i§vhas page priority and is the
valid - name.. The above two species have been reported only one
othqr.time;ﬁtﬁataby~Ingles {1936) . .

. More specimehs are needed to assess the relationship of the

‘above two species to‘otherwﬂaematoloecggg-sp.;which,alsd contain

extracaecal loops..
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Group II

- Haematoloechus medioplexus Stafford

- Baematoloechus medioplexus Stafford, 1902: 90€.

gPneuggpbébes;gédidh1é§g§mStgfford,f1905:“5;;

pstiolumuforgggggéPratt,:19ﬁ3;~$tafford, 3905:A5.¢%§xg~,%ﬁov;;

Regdésgription {based on 25 specimpens)=:

_ Body elongate, 8.43=9.15 (8.71) ‘long by 0.93-1.53 . ¢1.05)
| iiaﬁswtequment'spined.;oral.sucker terminal, -0.275-0.365 {0.327)
.long by: 0.275-0.352 (0.314) uide.;Acetahulum-medialgroverlies
~ovary, 0.083-0,099 (0.083) wide. .O/A ratio 3.051~Q*-to.*§;9:1;0
;(3;&(1;0);_ Pharynx muscular, 0;176—0;231 {0.20&)%410nq. by
0.192-0.282 (0.203)° wide. - O/P ratio 1.3:1.0 Cto 1.631.0
- (1.5271,0) s+ . Intestinal caecae’ narrow tubes, extending to: near
_posterior extremity. Testes tandem, round to elliptical, 1lobed
or . not., Ovary lobed or not, pretesticular, Extracaecal uterine-
lobps absent. Genital pore ventral to pharynx.. Vitellaria
follicnlar, variable in- vy diét:ihntibn., Extent_ranging fron
midway between QVary and*phaxynXWtGVPOSterior tg the posterior
testis on : the side vopﬁdsite_vtheﬂovary'or half-way along~the
posterior - testis -on the ovarian side;; rEggs« operculate,
05025~0..030 (0.026) long by+0:015-04021 (0.018) wide. .

;apericanus, -

 Hosts: R. pipiens, ‘R. pretiosa, B..a
Site of infection: Lungs. -
Specimens examined:

.19  specimens,  Alberta, ex R. pipiens and B, americanus,
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author’s, coll.; 54 specimens, British Columbia, ex BR..pipiens-

-and - R. pretiosa, - author?'s coll.3. 1 specimen, Iowa,  ex
‘R.-pipiens, Dr. R.3.;Campbell coll.; 87 specimens,  Ontario, ex

T

..pipiens- (from Dr. . R.J.G..lester and Mr.H.  Baker), author’s
coll.;a 14 specimens, : Nebraska, ex wg.;Qiﬁigg§.~uﬁgwfé~nanter.
Laboratories coll.; 18 specimens, Saskatchewan, ex B. pipiens,

“author's coll,; 1 specimen, Wisconsin, ex R..pipiens, Dr.. J.D..

"LxgphAc011;;:232 specimens, Wisconsin, ex R..pipiens- (Biological

Supply) , author's coll. .

Discussion:

- He omedioplexus

4. .. Four hundred and twenty-six specimens of H. .

fromj27‘collecting loclities in Canada.  .and. the- United Sfates
were . examined.. The following variations in characters of pmajor
taxonomic:-importance are presented below. :The results given for
ovaries, testes and uterine lqops are for pooled data from all
localities. .
'Extraéaécalfuterinerioopsr"Bere -absent din all specimens
~examined. 7 Seventy-seven pcint eiéht percent of the ovaries were
uhlobed and 22.2% lobed, The ‘anterior testis were lobed in 82.5%

of the specimens, unlobed in 17.5%. Posterior testes were lobed

.in 88.9% of ‘the specimens and unlobed in 11.1% .of -the specimens. .

The - 0/A ratio‘cguldfbemdetermined-for-only 371 flukes, The

_mean and standard deviation for ten collecting sites are

éiven in Pigure 71, Netraska represents pcoled data from six
localities in the state., No significant difference in O/A ratio

occurred fan@qﬁeg the meansS of -the ten localities {Analysis of
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the definitive hosts for all flukes. When all data are pooled,
the ratio ranged from 2.6:1.0 to 4.3:1.0 (5.5:1.0); The 0/P
ratic did not QJdiffer in flukes from different localities, The-
"range of the 0O/P ratio was from 1.1 to 1,6:1,0 (1.4:1.0)..

No significant difference occurred in egg 1length or in
"width when worms from different localities were compared. Eqg
length ranged from 0.024 to 0.035 (0.028) and width from 0.015
to 0.021 (0.018).

All -specimens were spined.



rig.,71

0/A ratio of H. medioplexus frcn different

localities, indicating the mean, standard
deviation ( vertical rectangle) and the
range (vertical line), with.the sampie size
indicated for each locaiion.. Nebraska
represents pooled data from six localities

in that State. .
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- Haematoloechus complexus- (Seely)

Haematoloechus complexus (Seely, 1906): 249. .

(Fig. 68) -

Haematoloechus coloradensis Cort, 1915a: 213, sSyn.. DOVe .

P

{Fig. . 74)

Haematoloechus oxyorchis Ingles, 1932: 193. . Syn. .~ nov. .

{(Fig. .72)

Haematoloechus confusus Ingles, 1932: 195.. syn. nov..
{(Pig. .73) -
Re-description (based on 50 specimens)s:

Body elongate, 2.73-7.72 (5.82)1long by 0.35-1.95 (1..23)
w;de,hTegument spined or not. .0Oral sucker terminal, 0.253-0.%13
: {(0+379) . long by  0.282-0.892 . {(0.375) wide. ;Acetabulum medial,
.overlies the‘ovary,‘or.anteriorJto-if,~0.12040.u50 {0.271) wide, .
0/A ratio M1.0:1.0 to 3.52%.0  {(1.5-1.0)y Phérynx muscular,
0.127-0.432 (0.228)~10ng by 0.122-0.369 {0.208) wide. ,C/P ratio
;1,2:1‘0 to 2.4:1.0 (1.9:1.0). . Intestinal «caeca. narrow tubes
- extending to near posterior extremity. .Testes tandem, round,
1obed_or:not,,ovary lobed or not, pretesticular.. Extracaecal
aterine loops absent. . Vitellaria . follicular, symmetrically

placed on each side of ‘the bodyiﬁ ‘extent ranging from midway
‘ betueen;.ovary -and pharynx to posterior to posterior testis on
the side opposite the ovary, or half-way along the posterior
testis on the ovarian .side. . Eggs operculate, 0.023-0.043 (0.034)
long by~0;013405023 {0.019) wide. .

catesbeiana. .

i el s i S e S A i .

Site of infection: Lungs. .
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xyorchis redrawn from the type material. .

g

.confusus redrawn from the type specimen. .

coloradensis ( Preumonoeces coloradensis -

-cort, 1915a) redrawn from :Cort ({1915a). .

medioplexus redrawn from Stafford (1902). .

~Several structures have been omitted for clarity..All ' specimens

are .depicted in the ventral view, ;Stafford (1902):) did not give

a scale to his drawings and so absolute size is unknown for

Fifs?s w7pe Araviigs. |
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Specimens examined:

RPN “B..complexus:
- 105 specimens, Nebraska, . ex - R. blairi, H.¥.
Manter Laboratories 'coll.; 5 specimens, Nevada,
e engf,Qig;gg§,~Dr.E;B.,Babero~coll;g
. The type specimen was not. . available to the
author. .
Bu:,. .. -~ He.coloradensis:
10 specimens, - Nebraska, ex R..pipieps, H.¥..
Manter*lébnratories coll.; 5 specimens, Florida,

ex R.,catesbeiana, Dr. :6.Js .Bowers coll. .

- The type specimen  was not  available to the
anthor...

Ca - H.o.oxyorchis:

1 type specimen, U¢S;n;ﬂ.¢ﬂe1m.,C011.,No.;8655,

i e e g

ex- Rana ‘aurora-draytoni. .
Do ‘ H. .confusus:

1 type~specimen,.U;S;N@H.,Helm.;Collvn04¢8656,

ex  Rana aurora draytoni, -

Discussion:
~He .complexus-

H. complexus ( Pneumonceces ccmplexus of Seely, 1906) - was
"described by Seely (1906) as without spines. However, he states
~that this may have been due to  maceration of . the. worm. -  Only
patches of. intact  tegument  remained and these did not have

spines. .Unfortunately Seely did not mention . the position of

these patches, Type material was not 'available for examination. .
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 of5tpg\105-§.-ggmglexngvexamined-from Nebraska and - five from
Nevada, 90 had spines over the entire body surface. L Spines are

ler and less numerous posterior of the acetabulum. .

B

Extracaecal loops are absent in this species. The anterior
testis was lobed in 6% of the specimens, the posterior testis in
11%. .Al11 ovaries were unlobed. .

The O/A ratio ranged from 1.,0:1.0 to 2.4:1.0 with a mean of
1.4:1.0, The worm with +the 2.4:1.0 ratio had a very small
acetabulum. The 0/P ratio of flukes from  different localities
+did . not--differ 'sign if‘i'ca‘nﬂy?;; ‘ ;e-f'»rl!i‘e"i.;:niég hi0/P was 4,91, 0-with a
...range of 1 +6:1.0 to 2:0:1.0. |

TTbe vidths of eggs did not differ significantly in flukes
from different localities (Fig. . 76).

Egg 1lengths from the four ‘localities in ‘Nebraska did not
differ significantly (Fig. 76). The egg lengths of flukes from
Nevada differed- significantly " (Newman—Keuls,«> 0.05) from the
egg lengths of flukes of Fcoled déta from Prague, bavey and Heéd

- {Nebraska) (<< 0.05) ., hodever, the sanmple size from Nevada is
very spall (n=5)., More samples from this locality are needed. .
Egg length had a range of 0.030 to 0.043 (0.036). Eqq width

had a range of 0.017 to 0.025 (0.020).

H. . coloradensis-

When all anterior testes were compared. 86.7% wefe observed
to .be lobed. This also holds for the posterior testes. All
ovaries examined were lobed., . |

Only 15 specimens frcm the United States and Canada were

examined, , Extracaecal 1loops were absent in all of these
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sgecimens.uﬂogever, short loops do occur occasionally (21.0% of
the time) but do not extend extracaecally {(Figs. 79 and 80). .The
form = of coiling of ‘the posterior .uterus depended on. the host. .
When .the host'was-g.fgigigggg the coils formed tight spring-like
loops (Fig. 77). .When the host was R. .blairi, the -coils formed
loose twists (Fig. .78). .

- The O/A ratio ranged from 1.0:1.0 to 1.4:1.0 with a mean of
1.2:1.0. The O/P ratio 4id not differ significantly in flukes
from different localities or hosts. This ratio ranged =from
1.2:1.0 to 2.0:1.0 (1.4:1.0). .

No difference occurred in eqqg length or width in flukes
frcm different hoéts cr 1oca1itieé.‘Egg length ranged from 0.031
to 0,038 (0.035) and width from 0.017 to 0.024 (0.019)..

A1l specimens were spined. .
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Length and width of eggs of - H..ccmplexus-

from  different 1localities, indicating the

" mean, - standard deviation {vertical

rectangle) - and range {vertical line), with
the samples size indicated for each
locality. ., Data for Verdon and Humboldt were

pooled as are data for Praque, Davey and

nead.,~§fgmléi;;-was the host for all flukes
from Nebraska and R. .pipiens- for flukes from

Nevada. ..
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. Fig. 79-80

The shape of posterior uterine coils of

§.5¢olo;gaensis' vhen the fluke is recovered
from R. .pipiens. .

The shape of posterior uterine coils of

«ﬂ;vcolbra&énsi§« when the fluke. is recovered

from R+ .blairi..

Some variatioms . in uterine loops  of

. :g.»,.zj;.'Col‘d radensis .
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. BExamination of ‘the type specimens of H. oxyorchis (U.S.N.H..

.Hglm,¢2Coll.”No‘,8655)~and~glxconfg§§§.(8.S~H¢m;,ﬂelm.,Coll.uﬁo;f
- 8656) . revealed some discrepancies between description and

‘observed. morphology. .

" Hoo.0xyorchiss:

Ingles  (1932: = 193)  described - HioxyoIchis- as having
"cgticulaffree from spines.™ I found that the tegument appeared
tollbe lacking anterior of the acetabulum. Small spines are
present on the anterior and  mid-body where: the . tegument  is
intact. These spines are very small, barely protruding through
the tequment. Spines -are absent posterior of the posterior
testes.,

The main - feature used to distinguish H. oxyorchis fron

H. confusus -has been the supposed absence of spines from . the

—_a—

g]

former species. .  The presence of spines in the type specimen of
tgﬁfoxgggchigﬂ suggests that- these two species should be
synonymized. .

- Heoconfusus:

feggs average;26:micrbns.in'length and 15 microns in width®
“;(;QQLQS,-TQBZ);yThe average measurement of 25 egqgs measured from
location A ( see Appendix 22, ?igf¢81)uwas, 0.031 mm long by
0,023 mn wide. .The discrepancy between. Ingles' measurements .and
" mine . may- be due-to measuring eggs from a different part of the
uterus. .

- Egg size and the presence of spines were used by Ingles to
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 §istinguish this species from H..complexus, described by Seely
-;(330§yﬁwThe-type‘specimens of H. .ccmplexus is not :available for

. examination. . The difference in. egg ’'size between H. . complexus-

7 {0,029 mm by 0.014 nm) .and H.-confusus- is not sufficient - for

- species separation. .
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DISCUSSION AND CONCLUSIONS
A, .Differentiation of Species

vﬁmmlgngggleggg and H. . breviplexuss

p——— 4 s e b

H_<§¢glgggi§;gxus- can - only be confused with one other North
American'haematoloechidﬂ$~§4f§ggﬁigig§g§,_They are sipilar in
»theiF‘:O/Q- ratios, 2.0:1.0 - for  both species ({Stafford, 1902;
;Cort,11915a);¢Hy observations show a range of 2.1:1.0 to 3.4:1.0
-u{2;8:1,0)»forig;ggggﬁig;ggggvand 1.531,.0 to v2;8:1‘0' {2.2:1.0) -
Afprw,g,ﬁlggg;g;g§g§;; These ratios .did not vary geographically
.{Bap- 1) ... These species are also similar in shape of testes and
.ovary and in general body size. .Tvo feaiures setve to separate
-these'species:.thé.extent~ of the extracaecal loops and the
-orientation of ‘the: testes..

The extracaecal loops in‘g.,;gggigiggggnaré‘the-longést in
any North American species, and extend anteriorly to near - the
?harYnx . (Stafford, 1902; Cort,  1915a)., Some - variation does
éxist,”but'the.loops are never found less than-1/2 the distance
.betweena the: ovary ~ and the - pharynx.. Uteripe;'IOOps in
-ﬁtgggggigigggg are shorter and extend from the anterior border
ofg‘the posterior - testis to thé-posterior~horder of -the o#ary
- {Cort, 1915a)., . My observaiions- indicate a slightly greater
Ivariation for - the left uterine.lbop.,This loop may extend from
1/2 the length of the posterior ~testis to -the 1level of the
anterior border - of thea_ anterior - testis. . Howeven,-'in
H. breviplexus the loops never.extend anterior beyond the level

of the ovary. .

. .. The elongate testes are parallel in H...lengiplexus, that is



Vi —

145

_xgggpgpverlap- for more:than 70%:0f -their length. The testes are
unegual @in size, the smaller testis occasionally extending  20%
of . its 'length anterior of the larger testis. .The testes of
‘Hﬁﬁpggggggggg§nare‘also-eldngate,'butnthey'overlap for only 1/2
_their . length {(Stafford, 1902).. This overlap ranged from 35% to
- 60% in:my.collections.,The tésies were never parallel...

The extent of ‘the extracaecal loops and the shape and

orientation of testes serve to separate. these two species from

_other‘NorthfAmerican:representatives cffﬁaegatoldechu§»and-.from

.ohe another,

‘B..varioplexus and H. similiplexus:

The extent. of the extracaecal 1loops, size and shape of
testes aﬁd ovaries, and O/P ratio - are: similar for--thése twWo
‘species;,

The nuterine ' loops in both species - commonly extend a
distance'uc tg 60% along the posterior: testis., The ovary - and
~ testes are usually unlobed, but lobing in some specimens in both
'speciés was noted. The O/P ratio did not differ between these
- two species. This ratio ranged from 1.3:1.0 to 2.3:1.0 (1.7:1.0) .
for both species.,

A  . The -O/R ratio was . not reported by  Stafford (1502) for
"eityer species, . Cort (1915a) - reported the O/A ratio for

“H. sipiliplegus as averaging 4:3 {1.33:1.0). He did not. examine

specimens of  H..varioplexuns..  Brooks - (1976) considered
aﬁ,jgiﬁgliple§g§~and'§¢¢ggrioglexus~synonyms and. reported the O/A

ratio as having a range of 1.0:0.69 to 0.84  {1.5:1 to 1.2:1)..

However, when the data for O/A ratio are plotted according to
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host, and not fluke species, the d/a'ratio.varies with host. The

same ‘is true for egg size.

H..varioplexus has an egg length  of 0.029, whereas
;ﬂq,§igilip;gxg§ is reported as having an egg length of 0.039
- (Stafford, 1902)w,Cort {1915a) recorded an egqg length range  of
0,038 to ~0;6#0 for  H. similiplexus. Later, while examining
specimens of-'ﬁ.;gi_i;igggzgg frem R. pipiens from Oshkosh,
8i§consin, Cort - {1915b) - noted that the eggs were sméller than
previously reported for this species. These individuals had an
. average . egg length ofhdnly*0.0BQ,wand the limits of variation
we:e;f;cm 0.030 to 0;039;_Brooks {(1976) + cited an egg length
range. for H.:varioplexus of 0.032 to 0.037. Bouchard (1951)
noxed,_variations in H. similiplexus- from the lungs of

- R. .clamitans and R..septentrionalis collected in Maine.. He

reported that some specimens had an egg length average of 0.029. .
He aISO’ndted'that some of~these~flukes had longer extra-crural
~uterine ' folds than reported by Cort{1915a) and Stafford (1902).
Fignre455<demcnStfates the gteaté“variation occurring > in egg
.meaSuréments.;bThis variationfaypearsmto“pe<relatedwto host and

not  geographical- “influences. -  Thus Aﬂaggarioplezg§~ and

H..sipiliplexus cannot be separated. .

“He.parviplexus: -

Irwin (1929) and later Brooks (1976) described the ovary of
- B.parviplexus as being deeply lobed. Ny experimental results
usj_ngﬁ.‘}_;gzg_e.ggi_s_ -show that great variation can occur in the

degree of lobing of ‘the ovary and testes, even in worms: of the

same age. The ovary may be unlobed {Fig.. 50) : or deeply 1lobed
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- (Figs. . 51 and 52)..  Collections of. H. parviplexus- from five-
1oca1i;ies.shou that lobing in ovaries and féstes is highly
variable and may or may not occur. There is therefore too much
variability in this character to be used in species separation.

Uterine folds in - H, parviplexus - are reported by Irwin

"(1929)- as - never reaching the anterior border of the posterior

testis; scarcely reaching the posterior testis in some, while in
others the loops may extend along 3/4 the length of the.

posterior testis, A similar degree of variation: was found in the
15&:specimens examnined by me;;

I have shown, in this thesis, that the .O/A ratio for this
§pecies is'variable, and may be host=related (Fig, 49) as  well
as varying geographically. .
) This species cannot - therefore be. separated from

H. buttensis.

— e s . . o s

. Ingles (1936) used a combinatioh of characters to separate
_his ,pgyly;described species, H.  buttensis- (Fig. 63) from. cther
membe;s'of-the~genu5“with which it may be confused. .

| .(-gaygﬁzggggggudiffered"from - 'Heparviplexus- (Irwin, 1929)
’hotably‘in-the~0/h ratio, the shape of -the ovary, and the ‘extent

df:thg”extraéaécal~uteriﬁevfolds,@Variations in the shape of the
_ovary | and ‘the extent of ‘the extracaecal uterine folds have been
discussed - in the. previous:  section, The main  feature
| distinguishing H. ‘buttensis-from H. parviplexus-was stated to be

the. o/2 »ratio,fg;gbutténsisﬁhaving an average ratio of 1.0:0.7

: (j,q;ﬂ;oyv(lngles; 1936) . . Flukes collected,ftomeﬁfﬂg;etiggg"from
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 British Columbia had an average O/A ratio of 2.6:1,0 (2.2:1.0 to
- 2:9:1.0).

H. . parviplexus has a ratio.of 4:1 (Irwin, 1929).  However,
Brooks {1976) - found the Nebraska -Ccollection +to range from
2;3:1;Qito»2.6:1.§. and my collections from British Columbia
‘averaged 3.0:1.0 (2.6 to 3.4:1,0). Therefore, the O/A ratio in
- these two species is too similar to be used as a distinguishinq
character..

. -buttensis is separated - from H, .similiplexus Stafforad,
1902 (Fig. .68) by having'émaller-egqs,waverage 0.027 by . C.014
(0.025 to 0.030 and 0.022 to: 0.017 for length andlwidth
.;espedgively)3wand.1arget testes. Testes measured 0.82 1long by
0.64 wide (0.45 to 1,03 by w0;98“toq0;8?).m86th'testes weré
described as being. nearly the same size. ana shape. . Vitellaria
vere . .also ‘considered as . differently distributed.  However,
~ specimens examined by nme. did- . not differ ~in vitelline
distribution. " Stafford (1902) - gave the egg measurements of
'g,ggigi;;glggggias averaging 0.039 by 0.019, but stated  that

, "variations a'little above and below occurred.™ H.:, ig;l_gl g

——

7

. was described from the lungs of 8. virescens (= R. pipiens-) -and

b

-:lentiginosus (= B. americanmus ). He described H. varioplexus
frpm the lungs - of  R.-clamitaps. The type description was very
incomplete, and Staffordftrusted.hls drawings to illustrate its
chiéf;cbafacteris£105¢gNo-scaievwas-given-for.his drawvings. .

~As “shown above, - H. buttensis cannot be separated from

- H..parviplexzus or from H..similiplexus and H. varioplexus.
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T‘,The"typevdeécriptiOn.bf*ﬂ;wgﬁiﬁlggg§~.Harwooﬁ,a 3932 - {Fig. -
'67).. is based on.a single[spécimEn@gThis fluke is-distinquished
frem. all other worms of the genus (considered here) by
po;sgssing a single .short extracaecal uterine vldop.ﬁ The
variations  inm extracaecal uterine lodps have already been
-discussed - for several species. The fregquency ofvdccurrence of a
single - loop in.'sampleé .collected from  numerous localities
indicates that ‘this alone is not a;QoOd'character for separating
species in this genus,fThis species has not been reportedsince
its, original description. .

*ﬁtwfiggéégz

Harwood {1932) separated -g;;;;ggiggn from'mgfgpgiyiﬁlgzgg.
. which it most closely resembles, by the smaller pharynx, larger
~acetabulum, the smooth tegument, smaller eggs and the lcnger
.1quitudina1uuterine“folds (Figs. 66 and 40 respectively). .

. .The 0/P ratio in - H..floedae  is nearly 1:2; (0.5:1) the
~ratio-does not - fall - below 2:5 (0.4:1) . (Harwood, 1932).. In
- Hywpargiplexus this ratio is 3:2 (Irwin, 1929).

The ' O/A ratio in - H. flgedae is 3:1 (Harwood, 1932)..In

vv;W2§§yiplexus- this ratic is - #%#:1:. (Irwin,  1929). Eqgs of

..£loedae vary from 0.021 by 0.017 to 05017 by 0.013. .Eqgs of

4_§¢;23,x12;;39§-range in size from ﬂ.OQB-tQHOhOZQ-in._length and
from 0.016 to 0.019 in width, -averaging 0.025 by 0,017, .
- The lengths  of the extracaecal folds of -the uterus in

 Ho: £loedae have been shown, by examining the type specimen, not

. to - extend beyond 1/2 the distance alongAthe anterior testis, .
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Ute;ige-folds on-the ovarian side ‘of the ‘body are often ‘shorter
than its mate"(Harwood, 1932). . |

. variations in O/A ratio, egg measurements, and -extent of
_ extracaeCal .Ioops have previously been . - discussed for
+H. parviplexus.
Because of the variation in egg measurements, O/A ratios,

and.extenf of extracaecal loops, it is impossible to separate

H;;xgtiggggggg, H;;s?milig;gxus, -H. -parviplexus, H. buttensis,
B. .floedae and - H. .uniplexus - from one another. However,  the
extracaecal 1locops never exténd beyond the anterior testis,,
- Therefore, this group can be separatedvfromvvg."igggigiggg§m and

“He brev1gl XUS. .

,§.¢gggg; __§ g ) f usus, and H. oxyorchis:
. Ingles (1932)  states that " H. .confasus- more‘ closely
’Vggsgghles~g;pgggglg;g§~than-any other described lung - fluke. - It
_agtegs,:favourably "with this latter species in size, type of
, ﬁte;ns, the lobed testes and ovary, and in ratio of +the oral
.sucker to the acetabulum. It differs from H. complexus, however,
in fhayinglspines, in having smaller eggs, in the arrangemeﬁt of
~the;vitellaria, and in sthe testes and ovary always being 1lobed®
_:Lgigj.ﬁ A

H...0X¥0 hi_- differs from - H« mplexus-in having smaller
eggs. .Egg 'size was the main feature distinguishing ' H.  0xyorchis-
ufrom H. gggglpxus.,

. Type. specimens of vﬁtygéghlgg§§~_uere not available for
;nspection.,ﬁouever, Seely (1906) states that: this species is

"without spines® but notes that "this nay have been due to
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maceration“.;Eighty—tﬁo percent of the specimens examined by ne
- had spines. |

The eqgg ‘sizes of these two_Spe¢ies overlap the low egq size:
range . of g.ygggp;ggg§‘ﬁ'1 feel that there is not enough
difference in these measu:emeﬁté‘to:varrani separation.of - these
two species from H. complexus. .

I- have shown that in collections of - H. Complexus six
percent of the anterior and eleveanPércéht.vdf the posterior

testis were lobed.

-H.-coloradensis:

cort - (1915a) reviewed the North American-lung'flukes'and

described H. coloradensis n.. sp. in the same paper. He stated

“tha@;fg.zébldradensisv (Fig. . 74) is most closely related to

,ngqygggglggggu{Seely. 1906) (Pig. .68) in having the same  body
shape and general arrangement - of the uterus as that species. .
Differences between these two species were noted in the O/A and

O/P ratios and in size of eggs. .

~ The O/A ratio>forvﬁ.;colbfédéﬁSisris S:4 (=1,3:1.0) ({(Cort,
;1315a)4 and 1.1:1.0 for ~g.wcdmpleXM§ (Seely, 19063 .. Ay
- collections show that the ratios overlap completely for the two

;speciéSa,The:ratios-ranged from 1.0 to 1.4:1.0 (1.2:1.0) for

- H.. .celoradensis and 1.0 to 2.4:1.0 (1.4:1.0) for H. complexus. .
The O/P ratio for g.,gglg;§§g9§i§-is 1027 (=1.431,0) - {Cort,

1915a) .- and . was ~ not given for-ﬁ.ﬁgomg;ggggaby/Seely'(TQOSQa.ﬂy

data shovw  a great deal of overlap in. this ratio ® for -« the tvwo

‘species, - H. coloradensis ‘has an  O/P .ratio range of 1.2 to

32,9;1,0 {(1.4:1.0) -and B.ﬁgggglgxus;has:a,rangefof 1.6 to 2.0:1.0
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(1.9:1.0).
4 The average'egg-measurementvfor-ﬁe,gggglg;g§w is 04029 by
0,014 . (Seely, 1906) - and 0.034 by 0.020 for H..coloradensis as

.given by Cort, 1915a. Specimens examined by me indicated almost

a complete overlap in these measurements for the two species. .

. The average measurement for H..coloradensis-was :0.035 by 0.019
and, for H. ,complexus 0,036 by 0.020. .

Because of the overlap ir measurements used in attempting

tq;separate these two species the separation is not valid, .
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. 'B. ;Examining Type Specimens, .
A re—-examination of available type specimens - of North

American . Haematoloechus spp.- indicated some errors in earlier

- observations. .
The absence of spines reported:  for six  species of

' - Haematoloechus has been used to help separate. these species fronm

those flukes which. bear ' spines. . Ingles {1932) reported that
g.aggig;gggg differed - frcm :§.~§gg£§§g§- in  being spineless. .
Similarly, the absence of spines in H..floedae was one.character
_ useq,..hy.:Harypod (1932) to distinguish this species . fronm
»g,fpggggpiggg - -Examination -of :the type specimens of all the
above four species demonstrated that all had spines.
:;gfﬁgeggV§§;§~ was described by Ingles ({1932) as: having no
.§pige$;gThis feature was used to help separate that species from
-jgﬂﬁgggigg§.(aescribed in the same paper),  which had spines.
~He;;upiplexus was also described as being spineless (Harwood,
1932), but Harwood did not use this character - to separate. it

from other 'gggﬁétoloechusISpp.:Re—examining;thé type specimens

ofag,,gggggggigiwﬁ.g§§§i§g§~and»gtzf;gggggwdemonstrated that all
vere spined. .

The typeAspecihen of‘grggggplgzng-'was ,nbt available for
_exagination;ymbis.speCies waS'described:by,Seely (1906)-as.being
without ,spinesfg;Seely stated that "this may have been due,
hoyeggr;ﬁ£0'maceration,“ Pe. 249, . I .have shown experimentally
that . flukes -lose their spines when treated in distilled water. -
Furthermore; I have shown that a certain p;Oportion»of flukes of
eapb‘sgecieS-ccllected iﬁ thé'field, including H. complexus, do

not have spines. .
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Because of the errors made in reporting spines, the
experimental results -demonstrating the loss  of spines during
pre—fixing treatment, and the variation found  in. field
ohservatibns, this character cannot be considered reliable - for
species separation in this genus. .

The < shape of ~testes and .ovaries -has also ‘been used to
separate species in this genus, .

Ingles (1932) - used : these. features to help separate
-H. kernensis - from H.:tumpidus. The ovary is lobed and the testes
are~unlobed.in'gﬁggggigg§«1ngles,u1932;gThe»shape of ‘the. testes
‘was. also used by 1Ingles (1932) to separate H.:confusus-from

- H.- oxyorchis, Examination:of the type specimens of - H..confusus-

and ccmparison with H. ,oxyorchis indicated that the shape of the
_testes . of the two species was not different- (Figs. 73 and 72) .
‘Tbeppresence:or’absencé<ofulobing of ovaries and testes has. been
shown, in this thesis, to be highly variable for several other
- members: of this genus. .

Ingles' (1936) -draving of:H. buttensis showed that the left

extraéaecal‘.uterine loop extended 1/3 the aay-along_theﬂlength
of the posterior testis, and the right loop did not- reach the
posterior ' testis. . Examination of the type Specimen indicated
. that both extracaecal loobs just reach the 1level of the
nvpo§te:igrntestis.;Examination-of the type specimen of H. floedae-
‘gemOnst;ated that the left extracaecal"loop extended only a
fgistance'T/Z_way along the anterior = testis, . The right loop
Vextendéd half-way along the .posterior testis, Harwood's drawing
‘ofgfhe;type'speCiméﬁ shows both loops extending a distance 1/2

_way.. along ‘the ovary. - It is  very important to be correct in
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. reporting the-variation ‘in:this character, as it is used to help

separate . several species 'of?vHaegatoloechusf, The range of

- variation in this - character has not been reported for many

s e S . i W AP A

 %§ggggtoIoeCﬁds-sp.,
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PART III. ‘TAXONOMIC DISCUSSION

. Baematoloechus Looss, 1899, one of the most . commcnly
encountered genera of frog trepatodes, has been reported from
practically every continent..Although Looss named the = genmus in

1899, he renamed it Ppeumonoeces -in 1902. This was done because

the genus Haematoloecha had been given to.an hemipteran by Stal
in 1874, .Harwood {1932), and Ingles (1932) independently pointed
out that the name first chosen by Looss for this genus was " not
.invalidateé,- and should stand in —accordance with the
International Code of 3Zoological. Noménclaiung;-chever, " some
- authors, 'notably Skrjabin and Antipin.  {1962), retained

Additidnal'generic:némes-have.beenuappliedwto trematodes of
‘this group.,War& {1917) écCépted thez.genus-~2ggg@géggg_§~:but
stated that one group . of flnkés;- in this genus, should be
éeparated as a new genus, ¢to which he appliéd the . name

Pneumobites and gave Pneumobites longiplexus- ( Haematoloechus-

_longiglegg§aof Stafford, 1902) .as the type of the genus, .  ¥Ward
characterized this ' genus asvhaving-elongateriateraluand:nearly
symmetrical- testes, and lobed ovary -in :contrast to the round,

median testes and entire ovary of Pneumonoeces. . Extracaecal

1ongitudinal folds of the uterus are more pronounced in

Pneumobites, .reaching nearly the 1length of +the body. Ward

included Pneumobjtes breviplexus { H.:breviplexus  of Stafford,
1902)min«this nev genus. .

- In my thesis I have demonstrated that«thefgeographical
va;iatiqn in extent of extracaecal loops, and orientation of the

testes is.constant for the above two species, regardless of
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gqllgqting iIOCality,¢HQHQVEr,"theilobed,naturegofsthe ovary and
testes is highly variablie, .

. Mayr (1969) states that "a genus is a taxonomic category
containing a single species, or aﬂmonophyletic group of species,
vhich  is separated - frco - other - taxa of the same rank (other
genera) by a decided gap". .Mayr {1969) recommended that the size
of ‘the gap be in inverse ratio to the size of ‘the . taxon. , The
soundest géenera are based on an oﬁerallhappreCiation.of»thé
 members ofwthe“taion ander consideration (Mitchener, 1957) - and
ideally should be based on the occurrence of =corré1ated
character conmplexes (ﬂéyr, 1969)

;vﬁTo erect new genera based on incomplete kncwledge. of a . few
representatives of the  world fauna currently recognized under

the genus Haematoloechus is clearly unwise. .

.Variaticns in extent'of‘extracaeCal~loops, and orientation
of . testes - are: not known for many ' European species.. The

characters proposed by - Ward(1917) - to characterize the . genus

=1Pneumq§ites are present in different combinaiions in ' some
Eutdpeanwspeciés;;?or.example;wglysigggiggg»hag'round testes. but
also elongatefextracaecal_IOOps,-whichiextend at least as far as
‘is found in H. breviplexus, which Ward included in -Ppeumobites. .
.similérly, there are species in which the téstes are parallel,

but round and smooth (wﬂ.yhancﬁgnééﬁsis~'reported?sfrom Japan). .

Therefore, I feel that the genus Pneumobites- shculd be rejected,

and- Haematoloechus retained. .

The extent of the extracaecal 1loops and.the:shape and
- orientation of testes -serve to separate ﬁ.migggiﬁiexgg» and

'aggpzréyiglgggg- from one-another as well as from all other North
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Pl e . ) . . : . :
American representatives of - Haemtaoloechus.. Because ' of the

consistent character differences, I propose ' that these two
‘ Species“reuain as valid species. :
Natural -infections of H. dlongiplexus have most freguently

na, but have been recorded fronm

been described from- R. catesbeia
-éix‘speciES of Ranidae and one of Bufonidae. H..breviplexus- has

also been reported from'g.jcatésﬁeiahé, but occurs in two other

-ranids gnd one bufonid. The above flukes have been“tépOIted=cnly
- frem North Aperica and have not so far been reported nérth of
the. 505N pérallel ér south of the 28°§ parallél.;The geographic
. distributidnaofwthése species follows closely that described for

;g;ycate§béi&ng‘yThe occurrence of ‘these flukes in R. catesbeiana

quJQccasicnally‘in'gdﬁg;gﬂ;;§g§vmay be related to differences
'igmseasonal'reptoductive timing ofcthe~host; or_foodzpréfEfences
_at.mthef.time- when infected odonates are availablenté'fqus.,
,:herefore, host specificity of “He -lengiplexus- - for

,ggixcatesbeiang,-as“suggested by reported field observations, may

. be a rTesult of ecological ' factors.. Habitat. preferences of
-'43,W§;§g§§§;§gg-and R.,clamitans were demonstrated by Stewart and
1 $anders6n (1972). . The different 'prefeiences w'#eshltéd 1
| g,;gg;ggggiggg~ taking Coenagrionidae (Odonatay-aé a food itenm,
'-whgreas~3.xg;ggi;gg§ did not consume any odonates.:
,_Tzﬁgggigggg Pratt, 1903 was differentiated from Haematoldechus-
‘Looss, 1899 only on the absence of extracaecai loops in _the
former and " the presence of one or"?tVO'loops-iq'the late:.ﬁ
Odening: (1960a) and Skrjabin {1964) - have alsoc accepted this

yenus as being valid,., ,.If :this genus is accepted, on:the basis of

“this character .designation, two genera would be recognized:
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stiolum:Pratt, 1903, and=ﬁgg@g;g;gggggngooss,.§899‘,The:.genus
~Osticlum- would dinclude five North American species presently

recognized . in the;ﬁgenus ‘ Baepmatgloechus :  H. pedioplexis,

— A e o

i

. complexus, H. coloradensis, H. ofyorchis, and H. confusus. &
single_charactér may justify'the*créatibn of a new species but.
it wcénnot be the sole criterion for the erection of a new genus
(verstgr,.Q969);J1f:the'ab0ve criterion was followed it would be
necessary to erect at least four new genera: one to accommodate
~ga;ggigiggg§,* in  which there is a single. extracaecal uterine
199@; one‘to'accommpdate“species<with?eggjlengths gréaterw:than
0-Q§8; Bm;: one to accommodate species with: ventral suckers. equal
to or 1arger than - the oral suckér;v and .one:‘to accommnodate
species with round or oval testes.

I have  shown, experimentally, and by analysis of field
-collections, that variations within the genus  may result from
differences in age and‘degreerof.matncity; extent of crowding,
species of hoét; and other factots;ﬂaecause of -these variations,
I‘feelathai"the‘genus-Qggigiiﬁﬁskduld“ndt'be aCCépted, and -that

the .genus Haematoloechus  should con{ainnthe;above:five'spéciés.w

e s s

.I < recognize only two of:the above five species as being

,valid. I consider H. medioplexus- valid. - This species . can be

. -@istinguished - from the other four species of :the.group by its
. O/A-ratio, which remained constant: regardless of collecting
‘locality...This ratio can serve to separatexg,,medibglggggwfrom

:allgptherﬁﬂaégatdloechusvsp.yvhich do not contain extracaecal

uterine loops. .
-Egjﬁggigg;ggggfoccurs~primarily in-R..pipiens, but has been

_fecorded infregquently from seven other species of Ranidae and
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_§§e§9e¢ies of Bufonidae. My records show that H.:medioplexus has
not been recorded above the 500N . parallel or belov the 400N
_parallel, or ~ueét’ of the Cascade mountains. The life-cycle of

e . s s

'gwﬁmgdiggleiﬁswmay‘have.developed.by -adaptation to - the -early

‘breeding season of R.-.pipiens.. Therefore, metacercariae of

3g§@médiéglekhs may be available to-R..pipiens at a time when it
is using the pond most heavily and may not be available :to. other
frogs - using the pond later in-the season. R. pipiens-may be
_displgCed'from‘the‘ponds when .other frogs are . using the area..
This ;displacément‘ may-résult in a shift:.in food items taken by

,,ﬁyﬁtgcbmglg1ggﬁis the-cther speciesfinw this group which I

oxyorchis, H. confusus and H. .coloradensis-

,ngpgéggpv'valid.;~§¢;-o
:ggg{pg;e considered synonyms of H..complexus.
£.>_ngisize,»and.lobation of testes and ovary, as Wwell as
~absence. of spines in&ﬁaxgggg;ggggvand~g;;gggggggig»uerefthe-main
;ggtpres . previously used to separate these species from one
_.another. - The ‘range of egg Sizes of H. coloradensis. -~ and
-apd width of ‘these - two species overlap completely, -and ‘are
, therefore unreliable for separating them. The egqg sizes of
~H. oxyorchis and H. confusus overlap completely ‘with each other
and with the lower limit of egq length ‘of H. ,complexus..I ‘have
~developed in- different frog hosts. .I -have alsc shcown that egg
length»varies'geographically for several cther.members of © this
genus. . Separating species on_,thé - basis of eqqg ‘size alone is

therefore very ﬁnreliable.
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.. Lobation of ovary and- testes 'is also an ~ unreliable
-‘chgracter-:to use  for separating species: in this genus. I'-have -
demqhstratéd'eXperiméntaily that lobing in these ‘structures is
.dependent, in - part, on thE"age,of:the'worm;QFurthermote, field

.collections of H.: comglexus and H. .coloradensis- have shown that

.1lobation may or may not be present. .This character is therefore
- unusable for separating species. .
. For : the above . 'reasons.' gaﬂgggglgxms, wg;wb~yotcﬁi§i

and - H..coloradensis are considered synonyms..

i
-
10
o
hi=]
e
in
~

‘-gﬁwggggigg_ - {Seely, 1906r~i5‘the-vali&pname;;

”'ﬁgug,gg;ggg§~vuses - Ro pipiens mosty frequently as its
:'Qef;ni;ive‘ host, as. does H. ;~_;gglexus. cg_gl ysS -may even
; havgwarisen from~ﬁ.;g§§;gglg§g§agall flukes-de51gnated'hywme‘ as
H.. complexus  occur - between the 30° N and 409 N parallels..

« B+ .coloradensis has been reported .from various localities in

Otah, COlorado,: Idaho and Nebraska. :Two spéciéSv(;*~ogy‘;;§;_~
. : Cb‘H A )

and' H.. co_plexus) ‘Tecorded from the west coast by Ingles (1932a)
.may. have bheen derived - from what Cort ({1915)  has called

- H. coloradensis. "A Little Ice 'Age" followed some time after the

‘close of the Wiscoasin. . Dumas_(1966)be1ieved the cooler, moister
‘climatic. conditions of ‘this age permitted an invasion across the
low . passes of-the Rockies of ‘the easterﬂ-pond frog R. .pipiens.

It is during this time that R. nglens may have passed on -to

o . s s

aR,.aggg_g the 1lung fluke, ' H.:celoradensis, and what Ingles
(193 )whas-Called:ﬁ.,ggxggghigy and ;§;yggg£g§n§..fthese:ulatter
lung. flukes are morphologically very,similar-toaﬁ.wgnggaaeg§i§,v

_gnd,:the distribution of ‘H. colorademsis in B. pipiens suggests

this may-be the stock which supplied Ingles with his flukes. .
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 Ingles (1936) states that H..tumidus- is - always found in.

f:ogs].vhich” inhabit 'streams and never in frogs from ponds. -The
: ?Qnﬂfinhabiting-ffogs are aldes infected with H. . oxyorchis. If
my;.gransfer-ftheory:is-correct, then H. .0xyorchis may have been
.fransferred from R. .pipiens to ngg-§g§g2g~gggxtonirand adapted

to -a pond-type life cycle. H. tumidus may be the original lung

fluke_gggg?aurorg>draytoni-offthe strean type..
¥hat was originally described as H. complexus (Seely, 1906)
may;also have arisen from H. colorademsis but is now. using

wgﬁgggaigi-v and - R..utricularia (both previously considered

..pipiens ) as its amphibian host. .

_;Odeningi(1960a) included in the: genus - Baematoloechus - all

.those frog lung flukes which contained extracaecal loops..Flukes

~without - extracaecal - loops' were included in the genus  Osticlum. .

Odening did not "accept Pneumobites Ward, 1917 -as being valid..In

a previous paper Odening (1958) included all frog lung-flukes in

Jthg genus*ﬁaemgioioechus;,The validity of the species which have
,exti@caecal- loops is discussed below., - H. lopgiplexas- and
H..breviplexus have been discussed earlier: and will not be
included here. : |
:E;'Hgfggggg§§i§ and~§‘j§§migg§~are separated on the basis of
 absence of spines in H. kernensis, differences.in 0/P ratio, and
sbape:,bf ovary and testes. .I -have pointed out earlier, in the:
discnssion~on examining type specinmens, that the O/P ratios - are
-the . same for “both species, and that spines are present on
- H...kernensis. The presence or absence of lobing of ovaries and
testes has been shovn, in this thesis, to be highly variable for

several other members of ‘this genus. Therefore, I récommend that
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vﬁ,g;ggiggg be . considered a.'synonym'ofrg;;ﬁggggggigf;The type
description of H. kernensis -should be amended to read - "tegument
with spines®. .-

- Scnme of ~the  R..augora::collected  frcm Kern County,
galifo;nia by Ingles (1932, 1936) .contained ' H. kerpensis. . This
fluke has - never been collected outside that vicinity nor hasit
ever been reported fronm anj other amphibian host. . H. . tumidus,
glsgvlfrom-ﬁg.yggggg§~ was reported by Ingles (1932, 1936) from
 Kein County north to the San Francisco Bay regicn. .It is always
found  in frogs which inhabit*Streams and never in frogs which
Lighabit~pondsulIngles, 1936) . .

$hevfolloving~five species, which also contain - extracaecal

- loops, are considered synonyms of . H. -yarioplexus.  They are:
- H.,similiplexus, H. parviplexus, ~H. buttensis, —H. floedae and
‘“ﬁfwﬂaiéigzgs;,- These - species are characterized as having
egtracaecal~Iddpsathat'dovnot,extend to +the anterior margin of
);pem(é?te:ior~vtestis., This gqroup differs from H. kernensis-in
,;haw$QQ:0/k”ra£ios usually greater than 1.1:1.0.
NTﬂqucgggiglgggngas-previously-sepa:ated;fromAthe. othef five
3§pe;ies_by having only one extracaecal loop. .I -have demcnstrated
ixhgt.ag;much,as 8.5% of :the specimens in three of-thé’species-in
,theyg.ﬁgggigélgggg‘group also had only one extracaecal loop. .

The extent of the extracaecal . uterine 1loops has been

important "in. separating - H. parviplexus, - H..buttensis, and

“H. floedae - from one another as well as from H.'.varioplexus. I
" have  demonstrated, experimentally, that the extracaecal uterine

folas'wuere_ingpartfhdst;dependent foraﬁ.pbﬁttég§i§.,Examination

of.H. .buttensis from several localities in - B.C., has shown
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fu?;hex"that the uterine folds may extend as far as the anterior
‘border - of the posterior testis or as little as 1/3 the distance
‘frc& the'end of the worm to the posterior testis.. I have also
"shown. . a considerable variaticn in this character for
.g.¢g3;;gg;gzg§ - and . H.parviplexus. . The descriptions -of - the
extent of extracaecal loops in He gipiliplexuys and H.  floedae-
.1iemgi§hin this range.of variation. It thus becomes .impossible

to separaté*thése?speciés using.this character, -

~Egg size has been used to separaté'g;;§i@i;iplexus~from

lgpra:iopleius ; - Heobuttensis from ﬂgfygigiliglg;gg- and
Efﬁilggéégffrom'§?»£§£22212§9§-,1 |

-Egg size in scome species can vary considerably. The egg
§izgmof~§.¢pgggiglg3g§~varied- with host as well as - varying
‘geogréphically.f The egqg lengths of H. .yarioplexuys-  and

+Hy similiplexus varied with host. .

. Species of -Haematoloechus -occur, under natural conditions,
in5.a ;yariety of amphibian hosts (see Appendix 23 for a list of
knownggefinitive hosts). A wider range of potential hésts -has
been demonstrated experimentally for H. buttensis-in this thesis
than- has been found under natural conditions in British
columbia. -

Individual species may differ from each other ‘through
,slight: differences in size,. arrangement and location of various
'strudturés;zstﬁnkard-(19651‘stat95’that: "the problem . of the
,tdxono@iét‘ then is to_diétinguish betveeﬁ'vdtiations:wfthin a
particular design and between different designs.™ He went on to
. state that nconsideration pust be given to the possibiiity that

-representatives of a single species may. complete ‘théir
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devélgpment in different host-=species and furthermore that, as a
result of developmentf in- different hosts, individuals of the
samevspecies may manifest differenées in size and shape, in rate
.of growth and<sexual'maturity,-énd in extent of development of
..va;iousltissues and organs." |

. Dronen (1975, 1977) - notedvthatiali-odonatés'tested,uggg;~
ﬁB,-';rj,.z,’é;i.kg;l.?_Lg 'sp.,Iramea sp., and: Epnallagma sp., became infected
_vitg.metacercariae offg;;cglgggggggig, and could serve as second
Ein.tgrmediate hosts. .Schell (1965) used the dragonfly, :Aegchpa-
multicolor Hagen, 1861 as an  experimental host. for
ﬁfqhgggigléigg; Drohen {1977) used Libellula- sp.. In different
areas ‘different: odonate species may be- preferred as second
intermediate .hosts. .

" Dronen (Personal’Communicationsyanted”that the - cercariae

qfwggg,bréﬁipléius~vere larger in the snail, Perrissia, which he

~ used as first intermediate host .than in Gyraulus similaris-

.jBaker, 1919) used by Schell. (1965). .
~Species of wﬁ@§@§§gl§§§h§§WCan and do utilize a wide range
;éfghnsts,gTherefbre, it is not advisable to use host-specificity
agfthe_sole-critefion for diagnosing species;;

Stunkard (1957) states "it is ‘abundantly clear that
qutwerm;=paraéites are ‘able to-écguire new hosts, and that’they
.change. hosts with differing ecological situations..It is equally
Clear that dévélopment"in~ diffeérent - host—Speéieé and . under
diffgrent physiological conditions ofathe.in&ividual'host may
profoundly alter the parasite, .In many instances, - vyarieties or
races .peculiar - to certain hosts,»‘hOStal varieties, may be

" recognized, but there is no sound reason to  believe that they
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_;eprgsent - different speciesﬂ.y‘ Forms Shqwing marked host
-specificity could be’consideted'subspecies rather than species.,

In view of the demonstrated variability in’chafactersk*used
~to separate the'ébove.six species I recomnmend ihat~they becone -
synonyms,. and that: H. varicplexus be the valid name, .

In this thesis I have recommended recognizing only. six

species of Haematoloechus from Canada and the United .States as
being:valid;gThey are as follows:
‘H.:-lopgiplexus Stafford, 1902

- He.breviplexus Stafford, 1902

egymgaribg;gggs.Stafford,v1902 (=~§,,g§;1§g&;xﬁﬁi‘=3§¢;Qut-eAsfs,
= H..sipiliplexus, = H. floedae, = H. uniplexus )
H..kerpensis Ingles, 1932 (= H. tupidus-) -

- He.omedioplexus-Stafford, - 1902

: Efwgdmgl§§2§-(5eely. 1906) (= H. .cgloradensis, = H. confu

— : e s i e

iz
i
-
i

H. oxyorchis ).

The above -findings ‘suggest several possibilities in regard
to:rglétionshipS'between~sgeciation and dispersal of the host,
and the lung flukes they contain, These ideas are still highly
speculative and incomplete.iﬁowever,‘.they. do add support to
current theories of speciation in some North American Ranidae,
and help to clarify some aspects of - haematoloechid systematics
in ©North America. ¥Por - these reasons I -have outlined my. ideas
below. - g;wgﬁ§&p\\\\

-Curreht“Spegies distribution,in-ﬂorth.America is ‘attributed
to Pleistocene and Recent climatic changes (Porter, 1972). . The

~southeastern  United States has been the . major center of

_distribntich;for.North American Ranidae (Porter,  1972). -
AN

S

&

g;
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. Leopard frogs from ‘North America are comprised -of numerous
" separate species {Pace, 1974). .  Four of these

.(Rapa:pipiens, R. .utricularia, R. berlandieri, and R .blairi)

vere at one time ‘considered a single species, belonging tc the
g;ng;£;§g§~60mplex.,9ace (1974) + distingquished the above four
species by certain: morphological, biochemical, and vocal
'characteristics.jThe’geographicalwragges of ‘these species are in
'general.mutually'exclusi#e ¥ith contigquous boundaries, and are
- depicted in Pace (1974). . |

Pace {1978) suggested that ?1oridé--pOPulations‘ of
R..utricularia and Texas populations of - R.~berlandieri- are

derived from the same ancestral stock. .The Texas population

.4g,wyerlanaieriy, speciated from~£tvgggigg;ggigmbut'the Florida
_pqpuléfidn- did not. . R., ut cula;;g may have invaded from the
,sputﬁ,.;meeting: 3.;Qigigg§~Fnorth, of their  present zone of
hinge;gction {Pace, -1974) (Map 3).,

co. My concegt of the - -g,pgomgléxns~ group

A= g 19rgdgn51s,'=§ confusus, and =g.ﬂogi6rg§1§)~ f£its,  and

suppgtts this interpretation.. Lung flukes frcm R. berlandieri-

are morphologically, nore similar to those found in

utrlcularla than those recovered from R. .blairi-or R. pipiens.

;(?19;;'81):, This suggests a closer relationship to flukes fronm

. Iﬁais not Known HhérewﬁéﬁéléigiﬁsurviVed’glaciation;»if it
‘;égs_;a:;dEStinct "species at that time (Paée, 19749 . Its spread
into the midwest foilowed~the posf-ﬁisconSinu?expansion of the-

| Qraigie"Peninsula '(Smith, 1957) . .The morphology of lung flukes

from - Rs,blairi is intermediate  between  those from the
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southwestern -g.}gigien5~ and those from - R.,utricularia..

Similarities.betwéen-their'lung flukes suggest a southwestern
origin for R. blairi, perhaps around Arizona and New Mexico, at
which time ' R. . blairi may not ‘have. been distinct.  This
hypothesis, while extremely tenuous, nevertheless may account
forcthefgreater‘similarity of H. complexus- from :R..blairi- to

H. complexus from - R. pipiens than to 1lung. flukes  from

~Re utricularia. .

- Hhere 4id ' the gfagggﬁleggs“i=§&»gxxo;ghi§, =H.  confusus),
found in R. ,aurora - originate? I suggested earlier that they
arose from what was previously considered g.ncgloxggggéis;; In

many respects the flukeS'from-g.ﬁanrggg. in-northern Califoreia,

are . similar - to flukes (=H..coloradensis) found in southwestern

R..pipiens. This ‘suggests to me a later transfer of flukes to

Re..aurora from R. .pipiens..The ancestral lung fluke was probably

what was previously considered H..coloradensis..

‘Re.clamitans and ' R. catesbeiana are native. to eastern

F e e st S i . €

United States. The natural vwestern limits are uncertain because

of,Ltbeir‘ introduction into many localities (Conant, 1958) (Hap

An)ﬁyThe'above'tvo&species form a natural group- distinct from

~ other .North . American - Ranidae (Wallace,:et. al., 1973). .These

A et s

_frogsigontainﬁg.g@dngiplexusgandeﬁ;wggeviglexus - which I have

.shown.. form a grbup- guite distinct from other North American

hagma&plqechids.xﬁgglongiglégg§~and H..breviplexus exhibit : very

~little  morphological variation regardless of collecting

. locality. .

I have insufficient data to wvarrant a good hypothesis

cqgcetning the spread of the g.,varioélexusﬁgroup recognized in
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,this thesis. More specimens are needed from many 1localities

before.any predictions can be made. .
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. .Map 3. The distribution of the Rana pipiens-Complex
.+ (After Pace,'19?u) and their lung»flukes‘in

North Aperica.
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- Map 4..The distribution ofrg,,gatésbé;ggg~and

lung flukes in North America. -
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Pig..81 A proposed derivation of:the body types which

constitute: H..complexus {=H. oxyorchis, =H. confussus,

. =H..coloradensis). .



H.oxyorchis

R.aurora

ﬂ.confusul

R. aurora

R.blairi

H. coloradensis

R. pipiens

.complexus ?
ompoTus

berlandieri

H.coloradensis ? '

H. complexus
R. pipiens

(R.utricularia?)

Viit



173

A KEY TO THE HaENATOLOECEUS.SP. -IN CANADA AND THE UNITED STATES

1. Extracaecal uterine loops presenb~ygg§;;;;2
L . Extracaecal uterine loops absent .. seesesed
2(])43$xtraCaeca1 uterine loops extending -

. beyond. anterior testis .gg@}gm;;g;a@gig,,;;;ga‘.3
21 Extracaecal uterine loops do not reach

- anteTIOL teStisS veeessesseeisss e’y

e e ge e e as 0 . 4

3(2) - Testes parallel or nearly parallel;

. extracaecal uterine.lgopé extending beyond ovary
et e e S e e e e Ve e e ,.r-.:v-:_. .
3. Testes overlap 1/3 to 172 their lengthjy
extracaecal uterlne loops extend to ovary  H.w

L{(2') Testes elllptlcal O/A ratlo usually qreater

if less than 1.4821.,0 testes not round .,..H."

u!:.. Testes round; O/A ratio 0.8:1,0 £0‘1.1:1.0

:a¢w‘ww;@;;;;u;%;;:;¢;;;a&y;k;;xw:wizag;ﬂ;.1.;;l;ﬂ.
5(1%) 0/A ratio greater than 2.0:1.0 (2.6 to 4.3:1
-"gt;@r@;gaw;;;%QQ&;;}w3t@w3;@v.$@@;u§@‘§..;,a';,ﬂ;
5¢ O/3 ratio 2.01.0 ‘or less (1.2 to 2.0:1.0) .

'""'Q‘{““.‘l..’.."..".“.I..'QQ..’*'QOOQQQ'J'OOOH‘

- longiplexus -

sbreviplexus-

than 1.3 o P

yarioplexus

. kernensis-

.0)

.medigplexus-

complexus -
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SUMMARY

1. . Flattening of 'ﬁonms. during - mounting caused = great
variation in size and shape of ‘the body, -goriads, -and suckers, .
Body size increased with'increased:temperature.offfixative, and
'when' distilled wvater was ‘used to assemble-live flukes before
7fixation.;Teguméntal spines were lost during - this ‘pre-fixative
treatment., The  O/A ratio was the only character peasured that
did not.change, . | |

2, .variation in: H. butténsis resulted from differences in
ggg-ané:degiee-of maturity; from extent of "crowding," from type
~of host and témperature-at'#hiqh.it'uaS'maintained.gTﬁe size and
: vshape;oftg.w§g§§§g§i§mvas<not»affected'by host size or sex.
3. Adult - H. buttensis- were reared experimentally in four
_;Qiﬁfﬁré?ttspecies of frogs and three 'species of - insects.. Size,
_shape, : and 'position.of.cvaryvapd_teStes, body size, and extent
of vitellaria were so. variable that they . were - obviously
:‘unreliable. for separating~ séecies.,stable-charaéfers included
: the O/R ratio, spined tegument, and to some dJdegree, extent of.
. the, extracaecal uterine. loops, .
 ﬂtﬂ§;figggi§;g3g§ and H. breviplexus collected from §arious
vv;¢g§11ties had two - characters suitable - for species
‘;Qgptifécationfxextent*ofzextraCaecal‘uterine\loops, and ‘degree.
of - overlap of the anterior and posﬁeriorftestes. There was was
nogoverlap in these characters, which are therefore, considered
. good taxonomic features. .

| -5, Examination. of - specimens labelled -H. varioplexus or

‘H..similiplexus indicated that characters previously used to

distinguish these species overlapped so much  that it .was
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impossible to make a positive.. identification.. Specimens were
therefore.  treated - according to host. When this was done it was
noted that the O/ ratio and egqgg size varied with host. .

6. .Analysis of -the O0/A ratios for: H. parviplexus  showed a

‘significant?~variation between specimens from B.C.. and those
from = Nebraska. . Both a geographic and a host -effect was
‘indigated.ﬁ-ASIWell, egg. length -of worms from Atkinson, Nebraska
differed«frométhose of.worms from  B.C, or Humboldt, HNebraska. :
' Other . characters measured .did .not  show significant host or
- geographic:variation. . |
7+ . Nine Species have previously been  described as
¢ontaihing~paired.éxtracaecal.uterineﬂloobs.,ﬂouever, as ‘much as
. 9% of the specimens examined from field collections contained a
singlg;,extracaecal; loop. This suggested that : H.. niglgxgg,
described from a single specimens as having one extracaecal
loop,: is not ‘a'valid species. . - |
8. Examination of type sSpecimens revealed that some errors
dn .. published  descriptions had been made for H. .floedae,

-~

~H. /kerpensis, H. 'oxyorchis, H. uniplexus and H. buttensis. These

findings, together with conclusions drawn from experiments on
flukes, led to the conclusion that H. floedae, - H. OXyorchis,
*g,gggigggzg§aand*g;;putfgggig»were'not valid species. .

9. Marked = morphological  variation and 1lack of host
specificity documented during this study indicated that . the

following six species are valid:

usgy;lgggiglgxus=Stafford, 1902

He..breviplexus Stafford, 1902
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£¢¢3ggiop;evg§~ Stafford, 1902 (= - H. similiplexas, =

- H..complexus (Seely, 1906) (= ' H..coloradensis, = H.'.confusus,

“H..kernensis Ingles, 1932 (= H. tupidus-)..
A redescription of the ‘above six species was given. .
- 10.. A key to - the six species recognized in this thesis is

- provided. .
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Appendix 1. Summary of measurements used..

’VAC4TLY§iameter of Acetabulum: The gre&test*acgtabular diameter
. méasured'orthogonalvto the .lcng axis of -the wornm. .
QTE, Antetrior Testis from ‘Posterior End, The-distaﬁce'between
the posterior end ‘of the anterior testis and the posterior
- end -of the worm. .
”ATL@;EAnterior-Testis Length. .Greatest ‘length of the anterior
. testis measured along the long axis of the worm. .

ATS . Anterior Testis Shape. Designated as either smooth, .
pildly lobed, or highly lobed.

. ATW .. Anterior Testis Width. Greatest width of ‘the anterior
testis measured orthogonal to the long axis of the
WOLD, |

BL . . Body Length. Greatest body length. .

BW . Body Width. .Measured at -the widest patt of-the worm..

. EL ., . Egg Length. The greatest length of an egq..

<EQ¢,,nEggGHidth.;The"greafest5ﬁidth of an egqg. .’

- Egg measurements were made on.eggs found. in-the most
anterior: portion of ‘the uterus- (Fig. '84). .
LVL . Length of Left Vitellaria, .Distance ‘between the anterior
and posterior extent of -the vitell&fia;'exclusive of
. the~centra1"band=ofxviteIlariapvhidk“extends-betweena
the left and right vitelline areas. .
O/A . . Oral sucker width divided by acetabulum width.
OAC - 0vary»from:acetabulum;/The-distandewbetweenwthegposterio:-
;bofder ofzthe'aCefabulhm and the anterior border

of the ovarvy..
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- OAT  Ovary from Anterior Testis. The distance between the
posterior border of :the ovary and the anterior margin
of the anterior testis (Fig. .82)..
“‘QL_v ovary length, Greatest ovary length measured along
| the lcng axis of -the worm. -
OSH  Ovary Shape. .Designated as either smooth, mildly lobed
.or”highly lobed. -
OSL .. ‘The Length of;the?OraI:Sucker;kae area anteriof to
the oral sucker, shenuthersuéker'is~subterminal; is
_not included (Fig. 82)..
QSEMW-Bidth of the dral:Sucket&;?his:measurement includes only
the oral -sucker -proper, ‘and does not include.the-area
[.jlaterél:to~the:oral'sucker (Fig. .82) . .
; §ﬁ,w‘g0vary Width, Greatest ‘ovary width measured orthogonal
- to the long axis of the worm, . |
_?L;fﬁ=?harynx Length. :Includes the entire iength Qfﬁihe
pharynx, even wvhen the pharynx extends somerdistance.into
. the oral sucker (Fig. 82).
PTE Posterior Testis from -Posterior end. . The distance between
the posterior margin of the posterior testis and the end
w,dfgthe*worm;,
Jjgrgﬁa;Ppstetior TéStis“Length.gGreatést:length of the gdéteriOr
. testis (Fig. 82). :
.?gs,};PoSteriér TestiS'Shage:;Designated as either smooth,
ﬁimilaly lobed, or highly lched.
1PTﬁ_ht?bs;erior~testis uidth.,Greatest~wi&th.ofwthé“posteriér
testis measured orthogonal to the long axis of the worm. .-

P¥ . . Pharynx width. Greatest pharynx width.
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fLenqth'of RightsLoggituQinalﬂFold;of Uterus, ,The anterior
_extent of ‘that part of the uterus which extends to

~the outside of the left inteétihalucaecum. The fold is

. measured from its most posterior extent,

. Length of Right:vitellaria, Distance between the anterior-
.aﬁd posterior extent of the vitellaria, exclusive of
‘the:central‘band:of’vitellaria»vhich*éxtends‘betﬂeen
;the“right and'left~viteiriﬂe~areas;;
rSeParétion 5f«Testes,;This:is-the“distanCE'

. . between the pcsterior~endfoff£he most anterior testis
~and the anterior end of ‘the ‘most posterior testis. .

.,0vef1ap of Testes. The vertical distance between the

idﬁtuteStés.;K positive value is given when testes actually

T

VA

VE .

~.overlap-with one ‘another. A negative value denotes testes

. separated by some distance. .

Tegument Thickness. .

- Anterior Extent of Vitellaria. Measured between the

anterior extent of ‘the vitellaria and the posterior

. end of ‘the worm. .
- Distance of Vitellaria from end of worm. The distance
,.betﬁeen:the posterior vitelline level and the posterior

. end of the fluke.,
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Fig..82. .Delineation of some worm measurements, .

-The uterus has been excluded for clarity. .

?igv.83 Delineation of some worm measurements...
. The testis, ovary and acetabulum have been: omitted

for clarity.
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E‘Appendix'2.4Fbrmulaeffor fixatives and solutions used in

- experiments,

ngta*(alqohcl-fotmol-acetic) figative
Alcohol,fBS%t;k;wgﬂa¢,Q;;wvgw;4@.5;f;;@;;y@@;:.,sﬁ ml
- Pormalin, commercial ..eesavsoassnesosssasnsssss 10 M1
. Acetic -aciad, gldcialr.g;;;..;.;gg.;;;,;};.;,;;;;,5 ml
_Bpu§n’sv(Picro;formol-acetic) fixative
o Picric acid, saturatéd‘aqueous'solution~;.;.;;;;73 ml
Pormalin, €ommerciali +uiiessisiciesaiesaes sonisasinaes 25 ML
. Acetic“aCid, glacia13;;a@&aﬁaaﬁﬁgggu;u;};azglt;LQS'ml
_Pormalin, 10%:
Water, dis{illea';gQ.;,Q@@i;;{s;ngg;;,;}a;;y;fg901m1
Pormalin, commercial .@k;;;.afs;;g;._.?Q;Q@,;;;¢1O mnl
. Frog Ringer's Solution
5KClnk\uuk\Q%hk;\@@w%}@i?&%uaiwwas%}%%%ﬁ%hgwwmgégp§13 gm
'NaClwfw;w;;;;}a@;;»;;swk#zwASQQQ;;u_;SQQQQ;Qa;;.0.50'gm
L CACL2 e e e v sl s dlassTaee s e e by e e e e e we s 00 12 G
CNAHCOSZ o wea'e s b aa's o 5a'e s s'e s aa's aisis o s ara’s ‘sinie s’ si0ie nn 00620 QM
Pistilled wWater joo m{
‘:§§§gqq1nh'sgfixatiVe
. . Mercuric chloride, saturated aqueous_sol;;;;;;.Q66=ml
‘ p _ o ,
. Alcothol, O5% aaies'e s aia s nais as se nie's s sues sseneseiine3d WL

CAcetic dciid@, glacial eiieisieieissenaiessie vieaesssinnnan .3 ML -
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Appendbc 3. Flow sheet for preparing whole mounts.

_ Fixative
10% Formalin ~ 70% Ethanol ~ A.F.A.  Bouins'  Schaudinns
| |
7(!% 0% - 70%
S
50%
‘
35%
Wa‘ter

Harris' Haematoxylin

|

Water

|

35%

|

50%

|

70% Acid Alcohol

l

85%»

|

95%

|

Methyl Benzoate

Permount

e Standardize«d Procedure
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Appendix 4. Effect of flattening on character measurements of H.buttensis.

Unflattened

Weight used

5 prams

10 grams

Body length

Body width
Acetabulum diameter
Oral sucker length
- Oral sucker width
O/ A ratio
Pharynx length
Pharynx width
Ovary length
Ovary width

Ant. Testis length
Ant. testis width
Post, testis length

Post. testis width.

3.05(2. 86-3. 60)
0.63(0. 55-0. 74)
9.09(0, 08-0,09)
0.21(0.19 -0, 23)
0.23(0. 20-0. 25)
2.6 (2.6 -2.8 )
0.13(0.12-0.15)

0.15(0.13 -0. 16)

0.52(0. 40-0. 61)

0.25(0.19-0.31)
0.63(0.57-0.74)
0.32(0. 26-0. 40)
0.67(0.59-0.78)

0.41(0. 35-0.55)

4,67(3.85-4.91)
0.95(0. 88-1.13 )
0.11 (0.10-0. 12)
0.24(0.21-0. 27)
0.29(0. 26-0. 31)
2.6 (2.5 -2.6 )
0.15(0.12~0.16 )
0.22{0.19 -0. 24)
0.63(0.59-0. 67)
0.35{0.28-0. 44)
0.79(0. 68-0. 85)

0.43(0.39-0.53)

0.84(%.79-1.01)

0.51(0. 45-0, 66)

5.43(4.71-5, 88)
151 (1.27-1.69)
0.13(0.12-0,14)
0.27(0.24-0. 30)
0.35(0.32-0. 38)
2.7
0.18(0.15-0.20)
0.31(0.27-0.33)
0. 66(0.61-6.76)
0.41(0.34-0.53)
0.83(0.75-0.93)
0. 48(0. 42-0. 61)
0. 89(0.85-1. 07)

0.57(0.50-0.75)

All measurements in millimeters.



Average measurements of

Appendix 8. Haematoloechus buttensis of varying ages developed in Rana pretiosa,
Metacercaria 5 days 14 days 2l days 28 days 60 days
# recovered 10 24 18 20 21 17

Body length
Body width
Acetabulum

Oral sucker
length

Oral sucker
width

O/ A ratio

Pharynx
length

Pharynx
width

- Ovary length

. Ovary width

Ant, testis
length
Ant. testis
width
Post. testis
length
Post, testis
width

0. 68(0,57-0, 80)
0.29(0,24-0. 35)
0.09(0.08-0.12)
0.1 (0,10-0.13 )
0.12(0,09-0.15)
1.2 (1.0 -1,3)
0.06(0.04-0.07)
0.06(0.04-0.07)
Absent
Abéent
0, 03(0.02-0,05)
0.03(0.02-0,04)
0.04(0,02-0.06)

0.03(0.02-0.04)

0.99(0.92- 1,11 )

0. 34(0, 33-0. 36)
0.05(0.05-0,06)
0.12(0,11 -0,13)
0.13(0,12-0.13)
2.4 (2.2 -2,4)
0.08(0.67-0.09)

0.10(0,08-0.11)

v GGSn RALN
C.UC V.00~

10}
0.08(0.07-0,09)
0.13(0.11 -0, 21)
0.09(0,06-0.11)
0.13(0.11 -0.17)

0.08(0,05-0,11)

1.75(1, 61-1,98)

0.51(0.47-0.59)
0.07(0.06-0.07)
0.16(0.14-0,18)
0.18(0.17-0.20)
2.6 (2.5 -2.7 )
0.12(0.11 -0,13)
0.13(0.12-0.14)
2. 24(0, 20-0, 32)
0.17(0.04-0. 20)
0.34(0.29-0.37)
0.22(0.19-0.29)
0. 31(0. 26-0.33)

0.22(0.18-0,27)

3,10(2.43-3,61)
0. 68(0.53-0. 85)
0.08(0.07-0.09)
0.20(0.19 -0, 22)
0.22(0,19 -0. 24)
2.5 (2.1 -2.7)
0.13(0.12-0.15)
0.15(0.14-0.18)
0. 48(0.33-0.53)
0.23(0.11 -0, 34)
0. 62(0.51-0,74)
0. 34(0, 25-0,40)
0.65(0,53-0,78)

0.38(0.25-0,54)

3.90(3.50-4. 59)
0.82(0.78-0,87)
0.10(0.09-0.11)
0.24(0.23-0, 25)
0.25(0.24-0, 26)
2.5 (2.4 -2.6 )
0.15(0.13-0. 20)
0.17(0.15-0.18 )
0. 55(0.50-0. 62)
0. 28(0. 24-0. 35)
0. 60(0. 54-0. 67)
0.42(0.39-0. 48)
0. 75(0.65-0.90)

0.45(0,35-0.53)

6.01(5.58-6. 67)
1.26(1,12 - 1. 46)
0.11 (0.09-0.12)
0.25(0.21-0, 29)
0.29(0. 25-0. 32)
2.6 (2.4 -2,8)°
0.19(0.17 -0, 23)
p.zouﬁls:d.zs)
0.71(0,71-0.74)
0.36(0.31-0.40)
L12(1.os-i.zl)
0.48(0.31-0.59)
L.22(1.15 -1.33)

0.52(0,40-0. 65)

All measurements in millimeters.

261
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| .Appgn@ix'6.;Measurements and standardized measurement systenm. :
Th;rty’five”chafacters-vere measured for each - individual,
.'thg”:nUmber' being: determined on the basis of ‘those characters
- most. commonly used to identify members of the genus. .
‘_:.Before*the measurements were taken, all the slides ' of ' the.
fluke. samples were mixed without identification of ‘the fluke
. species, A1l the measurements were recorded, -the slides then re-
. identifiea, and the data re-grouped according to 'the 'f1uke
species, - In this ' way bLiases due to changes in measurenent
technigue'and=progressive~ana=pétsonal-ertor were minimized. .,

. Bgg 'sizes vary in-differentupartS ofsthe:uterus~(Fig.g‘sd);g
prh;this reason it is important to chaoseia'site-in~the“uterus
;;gmgyhiéh'all eqgg measurements are done. The most anterior -part
offtheguterus;(site A, Fig. B4) was chosen..  The eggs are
embrycnated when +they Treach this site and; hence are the most
fnlly.developed and best represent the true‘egglsize' and shape
-of -the species being measured. .

. A11  nmeasurements were made over a one=year period (1576). .
a;L.35~characters were measured on -one Specimen$, then a second
specimen ' was measured, and so -on-until all the specimens had
been . measured. .,

L¥Allfmeasurements were made by means of a Leitz- conmpocund
.micrcscope equipped "with  a linear-graduated ocular micrqmeter
athatfhad-been'calibrated from a standard'stage micrometer to the
- nearest 0.1 micrometer. .

Beforeameasuring a- character on each specimen, the correct
gggnification for *that - character ' was 'se;,nghe:specimeﬁ vas

focused on the ventral side and the character wvwas alwvays in
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~.focus. . In this study all measurements were first recorded as

micrometer units and later converted to millimeter units. .
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.5.giggﬁ§#-vVariatiog‘in size and shape of eggs taken from

different. .parts of the uterus of H. buttensis. .
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- Errors and biases in measurement may arise fron perscnal
exgerience, -~ personal visualvaberrations;'measuring'hakits,-and
inadeguacies of the measurements system (Kim, Brown, and :Cook,
The ~reliability of measurements in this study vas assessed

fggbeach-Qf 28 charactets,,One-individual of each species of

.«HéegatéldeChhs studied ' was measured on all 28 characters at
“three widely spaced times (Tables A to O)..
,_::gefore,measuring a character on each specimen, the correct
~magnification - for - that character was set.. The.spécihen was
fognsea'On-the correct ‘side and the character was always in
':fogus;u-The 'reliability of measurements for each species was
tested and the results are presented in Tables A to 0 inclusive. .
The mostnunreliable measurement ‘is tegument thickness (TIT),
gi§§ coefficients of variation 33.3% for H..goloradensis and
 H,.complexus;  28.5%  for  B..longiplexus; 20.0%  for

qus;  19.6% - for - H< .papviplexus;y  ~ 17.9%-  for

;;g,ygzzorg_ig: ¥5.9% fo:’wgpchgfusggaﬂ»15;8%&forwﬂ;@kennensi§;

‘335§$f~ for - H..breviplexus and - H.buttensis; 17.6%: for

- Buome ioplexus;. 10.8%  for - H..similiplexus;  10.6%: for

.wQ;ECOlorgagnSi§~had a C.V..0f -10.1%: for - the - character,
- overlap of testes. H. medioplexus-had a -10.2% .C.V. For the same

- character. .



Table A, RELIABILITY FCR 28 CHA2ACTERS MZASURED OF H.3REVIPLEXUS
o 7 2x o ke ko g Ak e X o ok R

MEASUREMENTS

1 2 3 _

CHARACTER (JAN 16/76)(8°0 13/761CSEP 12776) ME AN MAX MIN STD DEV  VARLANCE Cv .

[ XA XTI R FT Y Y] ‘noonmramoocax:owvnta-nnmomc#vnmw##memt-«mnttﬁtttawnmuettamaa:4##40#0-&00##‘-.“#0:-ao‘ut.‘toat.o
AC 158.0 203.0 201.0 200.7 203.0. 196.0 ] 245 " 6e 3 1.3
osL 5¢1.2 557-06 506.9 S564.7 567.0 501.0 3.2 10.3 0.6
OsSw . 514-.98- CiU.5 316.0 513.6 516.0 513.0 3.2 12.2 Jeb
PL Zlie2 239.90 212.0 21J0.7 21¢2.92 209.9 1.6 2o % J.7
Pd 25%1.9 257.C - 255.5 25%. 8 257.0 251.9% 2.6 6.9 1.0
oL $61.0 $5J0.9 $063.0 $53.0 $63.9 $50.9 7.2 49.2 0.7
OwW LE1.D 652.0C . 6%4.2 652.3 654.0 651.92 1.6 2.5 0.2
OAT -t2.9 -56.0 -&4.5 : -61.8 -59.0 -64.5 2.8 7.6 -4.5
oAC -272.9 -372.3 -377.0 =-373.9 -372.0 -3717.% 3.6 13.0 -1.2
ATL 1332.0 1337.C 1340.9 1520.7 1240.0 1307.0 17.4% 32%z2.5 1.3
Al W Sty.V ST6.C - 591.0 586543 591.9 570.0 8.1 66.3 1.4
ATE 2017.90 205%.3 23d5.0 2374.3 2JI85.2 2355.0 15.5 241.5 .7
PTL 1550.9 1%65.¢C 1542.5 155¢2.5 1565.0 1542.5 11.5 131.5 0.7
PTW 172.9 749.0 775.0 ‘ T64.7 775.9 74G.9 13.8 150.5 1.8
PTE 12¢4.90 135%.3 .- 1366.0 l2e2.7 13069.0 135%.2 7.1 50.5 2.5
T . $¢l.0 960.0 . 652.0 : Y517.7 961.0 $52.0 4.9 24.5 0.5
THS -40.0 -44.0 -41.0 -44.3 -41.0 ~40649 2.9 8.3 -6.5
RUF 4063142 4¢40.C 485,90 C 4068.7 4655.0 464040 24.8 616.0 0.5
LUF - 4210.0 4200.0 4232.5 421642 4232.5 420049 16.2 264.0 0.4
RVL . - S62.9 5545.C 5590.0 5571.7 $590.9 5545, 24.5 622.0 0.4
Lve  4402.0 4452.C 4465.0 4439.0 4465.0 4402.0 32.9 1030.0 0.7
va 585%0.0 5£50.0 5900.2 5840.90 56900.2 58,0.8 26.7 712.0 .5
VE . CS1.2 €45.C €55.9 €52.3 05549 649 .0 - 5.0 - 25.5 J.8
BL 8es7.0 8650.0 8845.0 8914.0 8950.0 8£95.0 31.5 992.0 J.4
Bw : 1758.2 1780.90 1800.9 1792.7 1600.0 1730.0 11.0 122.90 J.6
TT ’ 12.5 - 10.C 10.0 10.8 lc.5 10.0 l.4 2.1 13.3
EL 20.0. 22.0 0.0 20.7 . 22.0 20.0 1.2 1.3 5.6

EW 1¢.3 16.C - 15.5 15.9 ’ 10.3 15.5 J.4 2. 2 2.5.

L61
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Table B. RELIABILITY FCR 28 CHARACTERS MEASURED meurrzwsxs

BB ARG RCARE DR

MEASUREMENTS
1 2 3
CHARACTER (JAN 17/77¢€)(APR 11/776)(SEP 12/76) MEAN MAX MIN STD DEV VAR[ANCE cv
-n-o-o.-o#oo;n-no-rovo-nmnaean»no-w-rm»mumx\##m&&»nwtmw#t*t#nvmm#vn*a####m*aa#attatxﬁmao‘a‘oaa-tm&ot‘otoanoa
AC 131.0 95.5 192.0 109.8 102.0 . C 95,5 1.3 1. 6 1.2
oSt 253.8 245.C 252.90 269.6 253.0 245.0 4.1 17.1° 1.7
CSw 3130.0 325.0 330.0 128.3 330.0 325.0 2.9 8.3 0.9
PL 206.2 234.C 207.2 236.7 229.0 20442 2.5 6.3 1.2
Fa = 241.5 245.C 245.0 245.8 2647.5 245.0 1.4 2.1 0.6
cL S50.0 $47.5 563.0 555.2 56343 S47.9 8.2 67.9 1.5
Uw 248.0 257.9 259.0 252.3 259 .9 243 .0 S.9 36,3 2.3
cart ~55i4.0 -540.C =540.0 -540.0 “540.0 ~558.0 10.4 108.¢C -1.9
oAac -53.0 -%5.9 -50.9 -52.7 -50.0 -55,0 2.5 6. 3 -4,8
ATL 1653.0 1923.0 1955.0 1943.,7 1955.4 1925.90 17.9 321.5 0.9
ATw : 465.0 455.0 455,0 : 456.3 46%.0 455, 0 5.8 33.3 1.3
ATE -2110.0 214J.0 2152.0 2153.3 2172.3 2140.0 15.3 233.5 2.7
PTL 1302.0 1325.0 1335.0 1324.0 1335.0 1302.0 19.1 363.0 1.4
PIW : 55€.9 545.0 560.0 554,3 50040 545. 0 8.1 66,3 1.5
PTE 1193.5 1175.8 1195.2 - X187.8 1199%.9 1175.0 11.1 124, 0 0.9
T0 403,0 415.C 415.0 411.0 415.0 . 403.0 6.9 4840 1.7
™S T =341.2 ~345.0 ~3%0.0 -345.3 -341.9 =35%0.2 , 4.5 20.3 -1.3
RUF 1691.0 - 1e82.0 1929.0 ©1090.3 1900.9 1882.0 10.9 1092.5 0.5
LUF 1240.0 1240.0 1245.0 1241.7 1245.0 1240.0 2.9 €. 5 0.2
RVL ' . " 3238.0 3040.3 3345.9 3u61.0 3245.0 3338.0 2.8 8.2 2.1
Lve 4218.0 - 4215.C 4260.0 . 4277417 4250.0 - 4215.0 0.u 0.0 c.0
va 5161.5 5165.9 5175.9 51¢7.2 5175.0 Slol.b 6.3 40,9 J.1
. VE 1523.2 101%.9 1215.9 1017.7 1u235.2 1015.0 4.6 21.5 2.5
BL 61%3.5 6102.0 0125.0 612642 6153.5 G100 26.8 . 1720.0 J.4
BW 130249 - 130v.0 ~1315.9 1305.7 1315.0 13530.0 - 6.2 66.5 2.6
Tr 12.5 10.0 10.0 10.8 1245 10.0 1.4 2.1 13.3
EL 25.0 23.0 25.5 2542 ' 25.5 25.0 0.3 0.1 i.1
3.3 J. 1 2.3.

EwW 12.5 12.5% 12.0 12.3 12.5 12.3

861



Table C. RELIABILITY FCR 28 CHARACTERS MEASURED OF H.COLOPAUENSIS
. K e e fu e e 0 owx eolk ok e oy

MEASUREMENTS
1 2 3
CHAPACTER (MAY 147TCHIMAY 21/760CJUN  37176) ME AN MAX, MIN STD DEV  VARLANCS cv
naoooavno‘oa.tootoooannomtom»manttuvmwton#vtt#ntnﬁmnnﬂnnhattattv*n-aatnvat‘maﬁnaaaatnaaﬂatttatcttto‘t“‘tt“
aAC 35%2.9 357.0 353.9 351.7 353.0 350.9 1.5 2, 3 Q.4
osL 2%¢.0 396 .¢C 399.0 397.0 399.0 396 .0 . 1.7 3.9 [ N
OSwW 335.5 33340 332.0 333.5 335.5 332,90 1.8 3.3 0.5
PL 2L5.4 327.2 303.0 305.3 307.0 305.0 2.1 4.2 2.7
Ow 257.4 257.C 259.0 257.8 259.0 257.0 1.1 1.1 0.4
oL 5Ct.0 S1¢.3 . S11.0 S11.9 5l16.9 5UL. U 5 25.9 1.0
CwW _ 423.5 - 420.C 420,93 423.2 42649 420.0 3.0 9. 0.7
0AT S713.% 565.C . S6Y.0 56Y9.2 573.5 565.0 4.4 18.1 0.7
0acC 132.9 125.9 134,90 130.3 134.2 125.0 4.7 22.3 3.6
ATL 527.9 516.C $522.0 522.0 927.0 516.0 5.6 31.9 1.1
ATW $54.0 563.C 565.0 562.0 505.9 558.U 3.6 13.0 2.6
ATE 2294.9 22¢3.C 2278.2 2278.3 229449 2203.2 15.6 242.0 2.7
PTL 4G5¢.0 493.0 494,92 493, 3 496, 0 49040 3.1 9.3 0.0
PTW €23.9 £22.0 618.0 614.3 620.0 61t.0 1.2 1.5 2.2
PTE ot 1927.2 1554.0 1958.0 1v47.7 1958.0 ly27.0 17.9 322.90 0.9
TO -59.0 -90.0 -110.0 " -99.7 -9U.0 -110.0 1v.0 100.3 «10.1
THS 312.0 343.9 ©3271.0 327.3 343.2 312.9 15.5 240.3 4.7
RUF 215.0 204.0 280.0 273.0 250.0 204 .0 8.2 67.0 3.0
LUF 275.0 275.0 281.0 277.0 261.0 27549 3.5 - 12.0 1.3
RvVL 221!.0 3230.0 3242.2 3217.7 3242.0 3202.9 21.7 472.2 9.7
Lve : 4128.0 4159.90 4125.0 4138.3 4159.0 4128.0 17.9 - 320.0 0.4
va 50646.2 S057.9 " 5C035.0 CH YY) 5057.9 5035.0 11.2 120.9 J.2
VE 1147.0 1116.2 1147.0 113¢.7 1147.0 l1i16.0 17.9 320.5 1.6
bL _ 6193.0 6121.0 6213.0 R 6179.0 6213.0 6131.0 42,7 1824.0 J.7
BwW : 1395.9 - 13604.0 1360.0 1376.7 139%.0 1304.0 15%5.0 242. 93 1.1
TT : : 7.9 5.C 13.0 7.5 10.0 5.0 . 2.5 6.3 33.3
EL ’ ' 27.5 37.0 35.0 35,5 . 37.5 3.0 1.3 1.8 3.6
Ew él.3 23.C 2 e 2.4 21.3 22.9 J.8 3. 6 3.7

661



Table D, RELIABILITY FOR 28 CHAPACTERS MEASURED OF H.COMPLEXUS

A xedyxhRRkgk
MEASUPEMENTS
1 2 3 .

CHARACTER (MAY 14/776)(MAY 21716)C0JUN 3/776) MEAN MAX T MIN STD DEV VAR[ ANCE cv
SN ERBRRERR B ROV S IV AR AN AAGR A DN N NEY A E LA LA RN R EARNA IR RN RAAN XA T EXRA AR EAIANRXERRAA GO R R RO e v pudeRAP P nhe
ac 286.7 280.C 289.0 285.0 289.0 200.0 4.6 21.0 1.6
cSL 4C5.9 490.9 495.9 423.06 495.9 400.9 3.2 12.2 0.8
OSwW 4)01.% 4292.9 4930.0 402.5 401.5 400.90 0.9 0.8 0.2
. PL 168.0 195.0 200.0 197.17 200.0 195.0 2.5 6.3 1.3
P 2219 228.0 235.90 ©231.3 235.0 221 .9 3.5 12.3 1.5
cL ' 45n0.5 h50.C 4063.0 4548.3 40340 456.0 3.9 15.3 0.9
Cw 319.0 . 115.0 322.0 318017 32240 31%.9 3.5 12.3 1.1
GAT 613.8 61J.C 616.2 613.3 6106.2 610.9 3.2 9. 9.9
0AC 23.9 33.0 21.0 32.3 33.0 31.0 1.2 1.3 3.b6
ATL 744.0 740.0 731.0 738,3 74440 731.0 6.7 44,5 2.6
AT H ¢15.8 682.0 - t83.9 679.6 083.9 675.8 3.6 12,90 9.5
ATE : 1955.90 T 1521.0 153¢c.0 1538.0 155%.0 15¢1.0 17.0 290.0 1.1
prL 8%5.0 868.90 S00.0 LU .0 $00.2 80U.9 1.2 331.90 2.9
PTw 744.9 732.¢ 737.0 737.7 Ta4a2 732.9 6.9 . 36.5 2.6
PTE 56<.V $70.0 $80.0 ’ Y77.3 98240 S7U.0 6.4 41.5 0.7
10 13740 135.9 140.2 137.5 140.0 135.2 2.5 6.3 l.b
s -2467.2 -2¢9.C -360.0 -3¢2.3 -300.0 ~367.0 4.0 1¢.3 -1.1
RUF 713,20 715.3 719.0 715.7 719.0 713.0 3.1 9.5 J.%
LUF geH.0 ’ 860.0 869.0 B65.7 869.0 -860.0 4.9 24.5 0.6
RVL - 3394.0 3372.90 3396.0 3388.0 33%¢eu 3372.0 15.9 192.2 D.6
LvL 4312.2 4303.0 4293.0 4390.7 4312.0 4290.0 11.9 122.90 0.3
VA $3¢21.0 $300.0 $200.0 5307.0 532140 5300.0 12.3 152.9 0.2
VE 52640 52%.90 495.0 499.9 504.6 495.3 4.8 23.1 1.0
8L 6173.0 6l185.¢C 6182.90 . 61b7.9 6193.0 6163.0 S.7 32.0 0.1
(Y] , 1271.0 1265.0 1275.02 1279.3 . 127%.0 12v5.0 5.9 2%.5 3.4
Tr 7.5 $.0 13.2 7.5 12.0 540 245 6.3 33.2
EL 22.5 32.5 , 35.0 31.3 35.0 32.% 1.4 2.1 4.3
EW - 17.5 17.5 17.2 17.3 T 17.5 17.0 J.3 J. 1 l.7

00¢



Table E. RELIABILITY FOR 28 CHARACTERS MEASURED OF M.CONFUSUS

e e ok s % g0 gv AR ol A ofr d X ok o
MEASUREMENTS
1 2 3
CHARACTER (NOV  9776)(NCV 13776)(NOV 11/76) © MEAN MAX MIN STD DEV  VARIANCE cv
BSOS RR RSO PP N RN IR AN AR PR EA N AN ERAANRNEENT ARV ROAERRERAAXRRARRATARREARRR AR CARRRARCA R RS ARGt toatatadesbe
aAC : 257.9 300.0 2506.9 29849 . 300.0. - 290.0 2.2 4.2 ' 0.7
ostL 455,97 493,2 496,09 495, 0 49049 493.2 1.6 2.6 0.3
0SH 43¢.5 435,68 437.5 436,5 437.5 435,6 1.9 1.2 0.2
PL 278,20 375.6 380.90 377.9 380.0 3715.6 2.2 4.9 2.6
(4 | 32605 32705 33;)-2 32807 35002 327-5 1.10 1.9 00‘0
oL 333,90 335,0 335,90 . 334.3 335,90 333,90 1.2 1.3 " 0.3
Ow 28t.2 305.3 307.2 306.1 307.3 3uv .0 1.2 1, 3 0.4
oar ) 49,0 47.C 45.9 46,0 47.0 45,0 1.0 1.0 2.2
. 0AC 30,9 34,2 3.0 35.1 " 3040 34,2 0.9 9.8 - 2.6
ATL 513.0 512.°C 510.0 511.7 - b13.0 510.0 1.5 2,3 9.3
alw , 351.0 367.0 - 349.,5 349,2 351.0 347.9 2.0° 4.1 2.6
ATE 1210.2 1279.2 1275.8 1277.7 127v.3 127%.8 1.6 25 J.1
PTL . 466D 48E.C 465.7 480.6 4ub.0 465417 {.3 1.7 0.3
PTw 46¢.0 471.3 47949 469.8 471.3 46505 1.7 2.8 © Q.6
PTE 651.2 Eb7.5 8$2.5 -~ 8UG.7 8Y1l.0 867.5 1.9 3.5 0.2
T0 ' 4C5.9 400.5 403.4 - 405.0 405.0 400.5 2.3 5.3 0.6
THS -€5.D -57.6 ~120.0 ) -95.9 ~97.0 ~123.2 1.2 1.5 -1.2
RUF AuSENT ABSENT ABSTNT
LUF . ALSENT AUSENT AUBSENT _ B
RVL . 2181.9 2192.2 21e5.3 2168.4 2193.0 21£5.3 4.9 24.9 3.2
Lvt lo47.5 1601.2 1640.5 loav.9 1651.3 16647.0 3.5 12.0 0.2
VA 219 255647 255% .0 2958,.9 2$61.9 265%6.7 2.8 2.9 0.1
VE : 1¢5.2 763.0 166.7 764.9 166.7 * 763.0 1.9 3.5 T.2
BL 3931.5 2925.0 39%€.5 - 3937.0 3938.5 3935.0 0.0 0.0 0.0
Bw 0U2.9 [N BE3.90 B81.7 683,92 882.1° 1.6 2.5 J.2
TT 13.8 10.0 12.0 11.9 13.8 10.0 1.9 2.6 15.9
EL 30.9 20.0 . 31.0 30.6 31.90 30.0 2.0 2.3 1.8
Ew 22.6 - 22.95 22.0 ' 224 220 22.0 2.3 .1 l.4

102



Table F. RELIABILITY FOR 28 CHARACTERS MEASURED OF H.FLOZDAE
' ' LELERE SR Yy ]

YEASUFEMENTS
1 2 3
CHAFACTER (NCV 97761 (NOV 12/77€1(NCY 11776) ME AN MAX MIN STD CEV . VARIANCE cv
BONSEREBRPCIN R AR O RO AC PN RUNRN RSO L IR AS AR OB ARG L AN RO RAL A A ABNNIAN A X AAR AR B AU A VAR RAC R AV ENRA RSSOV R SAREPR RSB ES &
AC 1£3.0 155.0 154.5 154.2 155.0 153.0 1.2 1.1 J.7
CSL 453.0 ‘1"7-5 449:0 448.6 "b0.0 4‘07-5 N 103 1'6 003
OSn €32.0 430.0 431.3 431.1 422.0 430.0 1.9 1.9 J.2
PL le¢2.0 16C2.C 159.3 163.4 1o2.2 156.3 1.4 2.9 2.9
Pw 157.1 1668.7 194.0 197.3 166.7 190.0 1.t 1.9 0.7
ot goHv.4 H471.0 867.7 BLG.4 871l 867.7 1.7 2.0 9.2
OwW £35.9 537.¢C 533.0 535.2 537.9 533.0 2.9 4o J.4
CaT 189.0 1Le.0 lee.8 . 1e1.9 1§9.0 186. 8 l.1 1.3 0.¢
vac =S3l.9 ~528.0 -€30.0 -52¢%.7 =5248.9 =531.0 1.5 2.3 -J.3
ATL 123¢%.2 13C5.90 1011.3 1006.1 1011.3 1005.0 3.2 10.90 0.3
ATH 53%.5 557.1 S53t.6 537.1 538.0 535.5 l.0 2.4 2.3
ATE : l1417.5 1422.90 1425.0 lecl.s 1425.0 1417.5 3.9 15.5 J.3
PTL . 1523.8 1025.3C 1c2l.8 1023.5 1025.0 1021.8 1.6 2.5 0.2
Pln 510.2 51¢4.3 5286.7 - 51J.3 512.0 508.7 1.6 2.7 0.5
PTE 15¢.3 i%56.9 155.0 75643 754.0 755.9 1.0 2.5 J. ¢
10 . “l9.0 407.1 419.0 408.9 410.0 407.1 1.6 2.5 0.4
THS -126.0 . =125.0 ~-122.0 -124.3 ~-122.0 =-120.9 2.1 4. 3 -1.7
RUF el172.2 2770.C 21¢5%.9 2769.0 2772.9 cTu5.0 2.0 e.0 9.1
LUF 2G2%.5 2921.C 29332.4 2931.3 2933.4 29.9.5 2.4 850 J.1
RvL 2tit.S ctlb.l 2tul.3 2HhE5.3 2Bet .0 286l .3 4.9 24.2 J.2
Lvi : 29:1.5 2625.9 39644.0 3G58.8 . 3%44.0 3935.0 4.9 4.0 0.1
VA 43c3.5 4356%.0 4200.0 400246 436540 420J.9 2.8 te J J.1
VE 45J3.5 ©86.0 492.2 4%0.2 492.2 486 .0 Z.1 4. 5 J.4
sL 5CSo6. ! - 5J93.C 5100.0 509¢0.0 Sluv.0 5053.0 2.8 €. 0 J.1
Bw : 1354.5 1350.C 1256.3 1353.0 1550.3 15593.9 3.2 12.2 3.2
1T 1J.1 bed 6.5 Y. 10.1 B.5 2.9 2. 9 10.2
EL - ¢k 22.0 T 2245 2&.2 £é45 ' 22.v 9.3 J. ¥ 1.2
EW le.3 14.0 12.5 13y l4.3 13.5 J.4 2. 2 2.9

z0¢



Table G, RELIABILITY FCR 28 CHARACTERS MEASURED OF H.KERNSENSIS
e 2% K 3t Gx v e e 0 3 e 1000 R e oK

MEASUREMENTS
1 2 3

CHARACTER (NOV  9/76)(NNV 12/7T761(NOV 11/76) - MEAN MAX MIN STD DEV  VARIANCE cv
oo-.toe.ooo..ooovnonaonvatonooaantta*vwnn»w.n#mnttwtmm#tm##tmﬁmunvmncmtmmnvanuatv—#amnmatatvta-at-uto‘totao‘
AC 432.0 430.0 433.0. 431.7 433.0 430.0 1.5 2.3 J.4
ostL 459.0 40%.% suc.0 459.7 460.0 459.0 0.6 0.3 C.l
Osw 451 .0 450.0 453.0 451.3 453.0 450.0 1.5 2.3 9.3
oL 25042 2923.¢C 290.5 289.5 293.5 288.9 1.3 1.8 2.5
Pw 294.3 295.0 293.0 z294.1 295.0 293.0 1.0 1.0 0.3
cL 630.9 €35%.0 632.5 632.5 63540 630.0 2.5 6.5 J.4
Ow 4217.5 420.5 428.0 427.3 428.2 “20u.5 0.8 2. 6 2.2
car 459.9 460.0 4461.5 455.5 460.0 447.5 7.0 4$6.3 1.5
cac - -52.2 -52.9 -52.9 T =51.4 -50.9 .=52.2 1.2 1.5 -2.4
ATL S12.5 915.0 S12.0 913.5 915.9 912.90 1.6 2.5 2.2
aTw $70.5 S$12.C T615.0 Y74.0 976.5 973.0 1.7 3.0 2.2
ATE 21C1.1 2120.90 210%.0 2102.0 2105.2 2122.0 3.5 12.5 9.2
PTL 12zu.0 1u23.¢C 1C18.90 1019.5 1020.6 1013.¢ l.4 2.0 0.1
PTw . 1C39.5 1027.0 1035.3 1037.3 103%.5 1035.3 2.1 4.5 0.2
PTE 1221.7 1234.C 1237.5 1234.4 1237.5 1231.7 2.9 8.5 0.2
TU © 157.5 155.0 155.0 155.8 157.5 155.0 1.4 2.1 0.9
s -£3%.5 =537.C -533.0 . =535.2 -533.9 -537.2 2.2 4.1 -J.46
RUF AUSENT ABSENT ABSENT

LUF . ABSENT ABSENT ANSENT .

RVL : 3C43.90 3841.90 3€41.2 3e41.7 3843.0 3841.9 2.2 2.0 . 9.9
LvL 2Le6 .5 28063.C 2865.0 - 2865.5 2808.0 26865.0 v.0 . 0.0 0.0
VA 516646 5155.0 5158.9 5159.9 5166.6 5155.0 4.9  24.9 J.1
VE 14C€.1 1423.9 1412.9 1406.2 1412.2 1490.9 5.8 33.5 0.4
8L T1G4.6 7190.1 71917.5 7194.1 TL97.5 T190.1 2.8 3.0 0.0
bw 103802 lo4v.s 1637.3 ’ 1638.0 1640.5 1637.3 2.9 g.5 Q.2
1T 22.1 17.¢ 19.0 - 19.7 23.1 17.0 3.1 9.7 15.8
EL 36.0 36.0 35.0 3547 . 306.0 35.0 2.6 0.3 1.6
Ew . 23.1 22.5 22.5 22.7 23.1 242.5 0.3 0.1 1.5,

£0¢



Table H. RELIABILITY FCR 28 CHARACTERS MEASURED OF H.LCNGIPLEXUS
20wk 0 v 0 e oz o e 0 K R R e

MEASUPEMENTS
. 1 2 3
CHARACTER {JAN 15/761(APR 9/176)(SEP 10/7) MEAN MAX MIN STD DEV VAPl ANCE cv
RAALTIT YT T T Y Y FTY tona-o.on-nuweauovmowo'mnvv-nmta#avuv«xm#um-mt#mau#uy-#nouua*n#taav«vaateamvvvc *PhuQRQERenhy
AC 187.0 . 189.¢C 192.0 189.3 ©192.0 ls7.0 2.5 6.3 1.3
ost 513.5 563.8 568.90 568.2 573.5 563.0 T 5.3 C27.6 J.9
OSw 558.2 563.3 5%5.0 558.7 95¢63.0 555.0 4.9 16. 3 0.7
PL 264.9 263.0 262.0 263.0 £64.0 262.0 1.2 1.0 0.4
Pw L 221.0 236.0 231.0 232.7 23649 231.90 2.9 8.3 le2
oL 12¢5.0 1126.0 1069.90 "1093.3 11206.9 1069.0 29.4 86%.5 2.7
[oF] ¢20.0 004.0 - 6206.0 6lo.7 626.0 6J4.0 1lle4 129.5 1.8
0AT . 12400 S 113.9 118.9 116.3 12440 115.0 Ye5 32.3 “.7
. 0AC : =-3%0.0 -223.9 -234.,0 -337.7 =323.0 =350.0 16.8 282.3 -5.0
ATL 1249.,0 1271.90 12649.0 1253.3 L271.9 1240.0 1l6.9° 25%.5 1.3
ATw ) L£548.0 570.3 T 572.3 00D 573.9 5L3.0 6.9 46,0 1.2
ATE . 2759.0 20698.0 2727.0 2728.0 2715%9.0 26%5.0 3V.5 92¢2.0 1.1
PTL : 1555.0 1581.¢ 1555.0 15¢2.0 . 1561.9 1550.0 16.7 - 27E.0 1.1
PTw . €31.0 620.0 623.7 631.0 629.0 [y 43.5 1.0
PIE 1591.0 1860.C 1%¢7.0 1856.0 ly07.9 130240 23.9 572.9 1.3
10 ] 422.0 6414.2 416.0° 4123.3 41400 4J33.0 64 4J2.3 1.5
TS -2408.0 -212.°C -237.0 ~-232.3 =212.0 -248.0 18.4 340.3 -7.9
RUF 4455,0 4526.0 45641.0 45290.7 4541.0 44595,0 23.3 544. 0 3.5
LUF 4218.2 4294.0 4293.0 4207.3 4294.0 4276.0 8.0 64.0 0.2
RvVL. 5133.0 571 .0 S123.0 5720.0 5733.0 5704.0 1.0 22¢4.0 0.3
Lve 426 .2 425%.90 4277.9 4262.7 4277.0 4246.9 15.2 2202 2.4
\Z ¢Z41.0 C65712.C 6531.0 654849 - 6572.0 6531.0 Zl.4 45640 e
VE ’ L51.0 640.0 . 650.0 649.0 656.9 04040 6.2 57.0 1.3
BL 7812.2 7820.0 76¢2.3 - 7624.7 7862.9 76023.0 33.3 1112.2 o
Uw 2129.9 2122.C 215¢. 2157.0 2150.0 2122.0 14.2 ZN0. 5 0.7
T 1.3 10.0 1245 12.9 16.3 10.0 3.2 10. 1 24.5
EL 22.5 22.5 - 25.2 3.3, 25.0 22.+5 l.4 2.1 6.2
0.8 0.6 4.5

EwW 17.5 16.6 17.0 16.8 o 17.5 16.0

%0¢
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Table J. RELIABILITY FCR 28 CHARACTERS MEASURED OF H.OXYCRCHIS
. 2 2 232 Y YT YY s

MEASUFPEMENTS
2 3
INOY  9/76)(NCV 10/T6)INOV 11776) ME AN MAX MIN STD DEV
-eot.o‘.otnnQoaooo¢-ttu~-mnuma»nanntmneamﬂnm LR Ny T Y Y )
251.6 20.9 285.1 2990.2 291.0 289.1 1.3

3¢5.2 AT5. 8 3ITi.5 371.2 373.0 369.0 2
35:.C 34%.0 350.7 350.2 351.0 3649,0 1
$3T.0 255.3 23E.3 2J6.8 200.3 205.3 1
242.0 245.C 241.2 24341 24549 241.2 1
S85.0 S87.5 Su3.5 585.2 567.0 583.5 1
323,20 335.¢ 333.7 333.9 335.0 333.0 1
153.2 150.5 155.0 152.8 155.0 150.5 2
182.0 178.8 182.0 18v.3 1852.9 17846 1
129.9 135.¢C 73C.9 731.5 735%.0 729.0 3
612.0 ¢10.0 613.4 6l1.8 613.4 61J0.90 1
1¢02.9 167.¢C 1600.0 1603.2 1¢27.0 1630.0 3
015.0 6713.5 &€715.0 674.5 675.9 673.5 1
648.,0 €50.3 647.1 648.5 650.3 647,11 1
5¢3.0 961.4 $03.5 961.6 903,90 960.5 1
36.0 34.5 33.6 26447 30.0 33.6 1
=-117.0 «-]115.90 -115.0 -115.7 -115.2 -117.9 1

ABSECNT ABESENT - ABSENT

ABSENT ABSENT ABSCNT
36C2¢.90 3910.9 3604.0 3926.7 3910.0 39J04.0 2
2740.5 274245 2744.0 2742.3 274440 274U.5 o]
4318.5 434J.C 434%.0 ) 4381.2 4385.0 4378.5 2
540.9 $42.8 945.9 5462.3 54540 540.0 2
551¢2.5 - 5516.C 5¢15.6 5514.7 = 5516.0 5512.5 2
S7¢.5 $79.G $75.0 976.8 979.0 975.0 - 2
6.9 7.C 5.0 6.3 7.0 5.0 - 1
3.1 22.5 22.5 22.7 - 23.1 22.5 o}
.7 15.C 15.5 15.4 15.7 15,0 0
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'I'able' K. RELIABILITY FCP. 28 CHARACTERS MEASURED OF H.PARVIPLEXUS

BEAACECEREER SRR

MEASUREMENTS .
1 2 3

CHAPACTER (MAY L6/7T6)IMAY 21/716)CJUN 3/76) ME AN MAX MIN STG DEV VAR[ ANCE cv.
‘ctvcoo-u.-a.oaanaaetnanvatnnc#oaamntenoavtnvavwcnwun:nuaﬂatvcumaumnvvnvnnnmtavtantnavaaaysnmuctstc.t.-co-
AC . 27.5 90.C .5 87.7 90.9 85.5 2.3 “Se 1 2.6
ostL 220.0 225.3 230.5 225.2 232.5 229.0 5.3 27. & 2.3
OSwW 1€7.0 167.2 192.5 168.8 192.5 187.0 3.2 190.1 1.7
PL 143.0 148.0 . 140.0 163.7 148.0 1460. 0 4.0 16.3 2.8
P 154.9 159.9 152.2 155.9 155.2 152.2 3.6 13.0 2.3
oL €26.2 195.C 800.0 803.3 806.2 T95.0 5.5 20,5 0.7
COw 356.5 351.0 35¢.0 : 3%4.95 3%0.5 351.9 2.1 .3 J.¢
OAT 1€6.D 191.2 187.0 165.2 191.9 166.2 2.6 7.0 1.4
cAaC -122.92 ~130.90 -128.0 L o=130.0 -128.9 = ~=132.0 2.0 4.0 -1.5
ATL L12.0 687.0 - 670.0 662.3 687.0 670.0 6.5 23.5 D.7
Alw 46D 4¢)1.3 47642 40,2 476.0 4¢1.0 7.5 56.3 1.6
ATE : 2334%.0 2326.0C 2333.0 2333.3 2239.0 2325.0 5.5 30.5 0.2
PTL Tused 130.C 763,90 T5E.D T44.2 732.0 7.2 52,9 1.2
PTw 553, 5564 C €73.0 S0l.3 572.0 555.0 7.6 57.3 1.3
PTE : 1225.0 12u0.C 12G7.0 1210.7 122549 12J0.2 12.9 16¢. 5 1.1
72 -i:5.0 -133.¢C ~133.0 ~133.7 -132.2 -128.2 4. 16.2 ~3.0
THS © =352.0 -347.0 -245.0 - -348.3 -345.0 -335.0 4.2 17.3 -1.2
RUF 15¢1.9 1550.0 15620 1564.7 1v61.9 1555.0 15.9 252.2 1.2
LUF 1¢12.0 1612.0 1628.0 lo17.3 1528.0 1612.0 9,2 85.5 9.6
RVL . . 32903.0 328v.0 3232.0 3305.0 33,2.0 324G.0 26.1 6ED. 0 2.8
LveL . £173.32 41e2.0 0 41n9.9 4lubed | 4lE0.D 41%45.0 19.0 336, 2.5
va S271%.0 S27/9.6 5246.0 5267.3 52719.0 5248.0 16.7 280.0 0.3
VE 1:51.0 1060.0 1105.0 . 1J9b.7 110%.2 1392.90 7.8 Gue S 0.7
oL €422.9 6622.0 €403.2 4607.3 6622.0 6632.0 14.1 222.2 2.2
Bw 1146.9 11¢5.C - 1170.90 1164.3 1170.0 115%.0 £.2 66.5 0.7
Tt 1.5 .5 1.2 10.3 2.5 6.5 2.0 4. 1 19.6
EL 2.8 22.8 22.5 23.0 23.5 22.b 0.4 0.2 1.5
Ew 15.0 1.0 o 14.0 14.7 15.0 14.0 0.6 0.3 3.6.
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CHARACTER

AC
GStL
CSw
PL
oW
CcL
Cw
OAT
OAC
ATL
AT W
ATE
PTL
PTHd
pre
T0
THS
RUF
LUF
RVL
Lve
va

Table M.

1

RELIABILITY FCR 28 CHARACTERS MEASURED OF H.TUMIODUS

MEASUREMEMNTS

3

2 .
S/776)(1GV 13/776)INOV 11/76)

LELERSE S SIS LY ]

(NCV ME AN MAX MIN STD DEV VAP ANCE
.oo‘....‘.tt‘tttuottratt\‘:vcvvvv;:>uvnvnu¢tnt«vfumawvvnanar;anttt«#t#vat###lxatﬁvv#&#ata##ﬁtt-ttaatettuc‘tt‘.‘tt
' 75¢.2 155.3 761.90 758.4 7612 755.2 3.1 95 bo]
616,3 ¢10.0 616.9 613.4 616.0 610.90 3.1 °.5 0
653,09 LoT.l 65340 655.0 697.0 693.0 2.0 4,0 2
457, 7 455.3 52J.9 497.7 500.9 495.3 2.3 e S bl
412.5 468, ) 474.0 471.5 474,02 465.1 2.1 9.5 0
1656.2 15¢5.2 15%1.0 1uca.l 10¢0.2 10%1.9 2.7 7.5 2
045.8 42,9 &st.l 641.5 645.9 638.1 3.9 1.5 o]
191.5 155.¢C 159.3 157.3 159.3 155.0 2.2 4.7 1
-434,7 -437.0 -438.5 -436.7 “-454,7 -438.% 2.2 2.8 -2
17¢4.5 1760.0 .1766.9 1763.5% 1766.9 1769.9 3.5 12.0 0
1102.5 1100.5 1105.2 1102.7 1105.2 1132.5 2.2 S. 2 2
25€3.9 . 2593.¢C 2592. 2504.3 2592.0 255349 4.9 264.9 b}
17:264.0 1770.C 1768.3 1767.4 1770.0 1704, 0 3.9 15.5 0
1354.5 1248.6 1350.90 1351.0 1354.5 134b. & 5.1 9.5 bo)
1¢56.7 1652.¢ 1€235.2 1694.9 1609.7 1600.9 4.9 24.5 0
£493.0 €90.0 695.5 6Y2.8 695.5 690.0 2.1 7.5 2
233.5 280.90 255.1 282.9 285.1 280.9 2.6 6.8 )
2110.5 2105.2 21923.5 2106. 4 2110.5 2103.5 4.6 21.0 (o]
185¢.5 1€55.0 1260.1 1657.9 1860.1 1855.0 3.7 13.5 b}
£011.5 53£5.3 5273.2 5369.6 $073.2 5055, 4.9 24.0 o)
€l114.2 6179.2 6175.0 6173.0 ., 6175,0 6170.0 5.7 3270 0
4342,17 4235.0 4333.7 4336.5 ©43240,7 4333.7 4.2 16.9 o}
$45.3 949.0 $547.6 Sn7.2 949.9 ° 945 .0 2.9 ) 0
EY6E.O 8S79.0 85¢17.1 5571.6 8579.0 85067.7 6.3 49,9 bo]
2929.5 2933.¢C 2920.0 2939.8 2933.0 2929.5 - 0.2 0.0 0
19.4 17.5 17.5 1.1 16.4 17.5 1.1 1.2 &
30.% 36.5 37.0 3645 3749 3b.4 2.3 0.1 -0
19.8 19.5 23.9 1v.8 20.0 16.5 0.3 0.1 1
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CHARACTER (NCV : ME AN MAX MIN STD DEV VAP ANCE

SRR OREPANOOD IR O NC P AT R NN L U R (O LB AR DU AN N EI AR RRACUN AR PABRR A A C AL REED B O COC AU NS CR O Lo RGN GCRAT TR svdstdstboRene
AC £3.0 82,0 8l.3 82.4 6§3.0 . Bl.3 1.9 1.3 1.2
osL 2245 227.C €:len ¢2946 2oleb 227.0 2.3 5. 4 1.2
OSw 216-7 21%.0 218.,0 2lu.0 218.0 21540 1‘5 203 Q.7
PL 11¢.9 118.0 121.4 119.¢ 121.4 116.9 1.7 2.9 1.6
P4 S 122.3 157.5 143.0 138.0 . 140.0 137.5 1.3 1.7 0.9
Cw 121.4 132.3 133.0 131.5 133.9 130.0 1.5 2.2 1.1
CAT -490.0 =-G2.0 -£9.0 -40.3 ~£9.0 ~-9¢.0 1.5 2.3 1.7
oacC ~-1lt4.4 ~-166.6 -187.9 -~lt5.9 =1t4.4 ~1lu?.9 lea 1.9 -Je7
ATL 64142 43%.17 .443.5 441.4 44209 439.7 2.0 2.8 Jebo
ATH 1e¢. 1€6.0 165.,0 165. 6 160645 lob.0 V.8 Ce b J.5
ATE E5%.D £52.7 86J.9 8u7.5 0J.0 85543 25 6. 5 J.3
PTL 4C5%.0 431.3 407.9 40h. 7 - 407 .9 - 401.3 3.3 11.9 Q.2
PTw 129.0 167.5 1¢3.0 lsY.8 193.0 167.5 2.8 6.1 1.9
PI1E 45¢.8 495.C £23.0 49 7.3 - 533.3 49540 2.5 6.5 0.5
190 g1.0 79.C yl.8 80.6 8l.8. 19.0 1.4 2.1 1.t
THS 27.J 26.9 25.4 26.1 27.9° 25.4 J.8 J. 7 3.1
RUF ABSINT ABSENT ABSciiT

LUF 54%.0 547.C £51.0 549,0 551.0 547.0 2.9 4.0 Je4
RVL 2321.% 2339.3 2324.9 2327.3 2333.2 2324.0 3.7 16420 J.2
LvL lolh.8 lo7¢.C 1672.9 1675.9 . 1679.0 1673.0 3.9 15.0 0.2
" VA 2565.0 2¢20.0 2573.4 2590L.3 2000,V 25G2.4 4.0 16.2 J.2
VE 120¢.9 1333.¢C 1336.6 13045 13028.6 1000.0 443 '18.5 0.4
bL 36646 3295.0 “3111.1 3432.¢ 377441 325%.0 292.5 86144.0 8.6
BW "711.0 7C€e4 712.0 70%.8 712.9 T35 .4 3.0 5.9 Jdes
1T 9.2 e.C 7.5 8.2 9.2 7.5 J.9 J. 8 10.6
EL 2C.3 2045 21.0 20.8 21.9 2J.9 Ve3 J. ¢ 1.2
EH ll..b 16.3 ‘15-5 10-3 16-0 15.5 Dob 3-3 3.‘0

Table N,

1

RELIABILITY FCR 28 CHARACTERS MEASURED OF HJUNIPLEXUS

MEASUEEMENTS
2

3
L9776 (NCY 12/7T01HINCY 11776)
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Appendis 7. Averagé measurements (mm)of H.buttensis maintained at 120¢

Age (days) Metacercarlae
No, of specimens 5

3
13

14
g

21
9

28 60
n 7

Body length 0, 69(0, 59-0, 77)
Body wlidth 0, 27(0, 21 -0, 33)
Acet. diam.®  0,09(0.08-0,10)
0.5, diam.®  0.11(0,09-0,13)
0.S. length®  0.10(0.09-0.11)
O/ A ratio 1.2 (L1 -1.3)
Phyn. diam.9  0.05(0.04-0,07)
Phyn. length®  0.05(0.04-0.07)
N. D.
N.D,
0.02(0, 02-0, 03)
0.03(0.02-0,04)

Ovary diam,
Ovary length
A.T. Diam.f
A, T, lengthg

A.T. from ena 0,02(0,01-0,03)
P.T. diam."  0.03(0.02-9,04:
©.T. lengthd 0. 04(0.03-0.05)

P.T. ftrom endk 0.01(0,01-0,02)

0.74(0, 63-0,86) 0,76(0, 66-0.82) 0,77(0, 64-0,80) 0, 75(0. 68-0,82) 0, 80(0, 79-0, 85)

0.29(0. 23-0, 32)
0.08(0,07-0, 09)

0,10(0,09-0,14)-

0.10(0.09-0,11)
1.5 (1.3 -1.6 )
0.05(0.04-0,08)
0.05(0.04-0.06)
N.D.
N.D,

0.02(0,01-0,03)

0.05(0.04-0,06)
0.04(0.02-0.07)
0.05(0,04-3,07)
0.06(0.05-0,07)
0.03(0,01-0,04)

0, 28(0,22-0,32)
0.08(0,07-0.09)
0.11(0,08-0.15)
0.10(0.09-0.10)
L5 (l,2-1.7 )
0.06(0,05-0.08)
0.06(0,.04-0,08)
N. D.
N.D.
0.02(0,02-0,03)
0.06(0.04-0.07)
0.07(0.05-0.09)
0.G6{0.04-0,08)
0.07(0.05-0,08)
0.05(0,03-0.07)

0.28(0,23-0,31)
0.08(0.07-0.10)
0.11(0,09-0,13)
0.11(0.10-2.12)
1.3 (1.2 -1.4 )
0.08(0.06-0..09)
0.07(0.06-0.08)
N.D.
N.D.
0.04(0.03-0,06)
0.08(0.06-0.09)
0.09(0.08-0.11 )
0.06(0.05-0,08)
0.09(0.06-0.10)
0.07(0.05-0.09)

0.29(0, 25-0, 34) 0, 30(0, 28-0. 36)
0.08(0.07-0.09) 0.08(0.07-0,09)
0.12(0,10-0.14) 0.12(0.,11 =0,15)
0.11(0.10-0.13) 0.12(0.11 -0.13)
1.5 (1.4 -1.6 ) 1.6 (L.5 -1.7 )
0.08(0.08-0.11 ) 0.09(0.08-0.10)
0.07(0.07-0.09) 0.08(0.07-0.09)
N. D. N.D.
N.D. N.D.
0.07(0.05-0.09) 0,09(0.07-0,11 )
0.10(0.08-0.12).0.14(0.11 -0. 20)

0.13(0.09-0.15) 0,24(0,.20-0.26)

0.07(0.05-0.09) 0.09(0.06-0.11)
0.09(0.07-0,12) 0.13{G.11 -0.17)
0.08(0.06-0.11) 0.11(0.10-0,13)

Diameter of acetabulum
Diameter of oral sucker
Length of oral sucker
Dijameter of pharynx
Iength of pharynx
Diameter of anterior testis

0o oo ow

g Length of anterior testis

h Distance of anterior testis from posterior end of worm

i Diameter of posterior testis

J Length of posterior testis

k Distance of posterior testis from posterior end of worm
N.D. Not developed

(4%



" Appendix. 8.

Average measurements (mm) of H. buttensis maintained at 200C

Age (days)

No. of specimens

5
s 21

14
18

21
19

28
11

60
14

Body length
Body widih
Acet. diam.?
0.8, diam. b
0.S. length®
O/ A ratio
Phyn, diam.d
Phyn. lengthe
Ovary diam.
Ovary length
A T, diam.f

A.T. length®

A, T, from endh

P.T. diam.!
P.T. length’
P.T. from endk

1.06(0,94-1.20) .1.78(1.73-1.88)

0. 35(0. 33-0. 37)
0.05(0.04-0.06)

0.12(0.,11 -0,13) -

0. 11 (0.10-0.13)
2.3 (2.2 -2.6 )
0.09(0.07-0.11)
0.08(0.06-0,11)
9.07(6.06-0.09)

'0.08(0.06-0.11)

0.09(0,06-0.11)
0.14 (0,11 -0.21)
0.24(0.21-0.27)
0.08(0,06-0.11)
0.13(0.11 -0.17)
0.12(0,09-0.13)

0.51(0.48-0.53)
0.07(0,06-0.08)
0.18(0.17-0.20)
0.16(0.14-0,19)
2.6 (2.5 -2,8 )
0.14(0,12-0.16)
0.12(0.10-0.14)
0.18(0.14-0,20)
0. 25(0.20-0,31)
0. 24(0.20-0.29)
0.35(0.29-0,39)
0.39(0.33-0.45)
0.24( 0.18-0. 28)
0.32(0.25-0,32)
0.17(0.15-0.19)

3.27(2.66-3.74)
0.75(0. 70-0, 84)
0.08(0.07-0.09)
0.22(0.19 -0, 25)
0.21(0.19-0,23)
2.5 (2.2 -2.7)
0.16(0.14--,18)
0.13(0.12-0.16)
0.23(0.14 -0, 36)
0.49(0.33-0.51)
0.35(0. 26-0. 39)

" 0.63(0.52-0.75)

0. 80(0. 451, 06}
0.39(0. 27-0. 52)
0. 66(0. 53-0. 78)
0. 64(0. 39-1. 26)

4.10(3.55-4,43)
0. 81(0.77-0. 84)
0.11 (0.09-0.12)
0. 26(0, 24-0,28)
0.24(0.23-0,26)
2.5(2.3 -2.7)
0.17(0.16-0.19)
0.15(0.13-0.21)
0.29(0. 26-0. 34)
0. 56(0.50-0.63)
0. 44(0.41-0, 49)

0. 62(0.57-0. 68)

1.12(0.83-1.39)
0.46(0.36-0,54)
0.77(0.66-0.91)
0.51(0.26-0.63)

6.30(5,78-7.01)
1.40(1.22-1,52)
0.11 (0.09-0.13)
0.29(0, 25-0. 33)

10.25(0.22-0.29)

2.6 (2.5 -2,7)
0.21(0.18 -0, 24)

0.20(0.17-0. 24)

_0.38(0,33-0, 42)

0.72(0.70-0,75)
6.49(0.33-0.61)
1.15(1,07-1,.31)
1.79(1. 48 -2, 25)
0.52(0.41-0. 66)
1.23(1,17 -1,35)

1,01 (0.92-1,33)

o0 o

Diameter of acetabulum
Diameter of oral sucker
Length of oral sucker
Diameter of pharynx
Length of pharynx

f Diameter of anterior testis

A e on

Length of anterior testis _
Distance of anterior testis from posterior end of worm
Diameter of posterior testis
Length of posterior testis
Distance of posterior testis from posterior end of worm ..
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Appendix 9.Average measurements (mm)of H.buttensis maintained at 27°C.

Age (days)

No. of specimens

5

14

21

28

60

17

19

13

14

10

"-Body length
.Body width
Aczi, Zdiam,
0.S. diam.P
0.S,
O/ A ratio

length®

Phyn. dia,m.d
Phyn. length®
Ovary diam.
Ovary length
A, T, diam.f
A, T,
A, T,
P, T.

lengthg
from end

diam, !

P.T, 1engthj-

P. T, from end

h

1.98(1.85-2.12)
0.37(0.32-0,41)
0. 06(0.04-0.07)
0.13(0.11 -0.14)
0.12(0.09-0.14)
2.6 (2.1 -2.8)
0.08(0.07-0.10 )
0.07(0.06-0.10)
0.06(0.05-0,08)
0.07(0.06-0.10)
0.07(0.05-0.08)
0.12(0.09-0.18)
0. 68(0.63-0,74)
0.07(0.05-0.09)

0. 11 (0‘ 08‘0. 15 )
0. 35(0.29-0,41)

3,71(3, 69-3, 83)

- 0.49(0. 44-0.52)

0.07(0.05-0. 08)
0.17(0.15-0.19)
0.17(0.14-0.18)
2.7 (2.4 -3.0 )
0.12(0.10-0.15)
0.10(0.09-0.13)
0.16(0.13-0.18 )
0.22(0.19-0. 27)
0.20(0,18-0, 27)
0. 29(0., 26-0. 35)
1.14 (L 11 -1, 20)
0.19(0.16-0,23)

0.27(0.21-0.29)
Oa 48(0¢ 39‘0. 53)

3.96(3.88-4.05}
0. 75(0. 69-0.87)
0.08(0.07-0.09)
0.23(0.18-0. 26)
0.22(0.20-6.24)
2.7(2.6 -2.9 )
0.14(0.13-0,17)
0.12 ¢0,11-0,16)
0.19(0.14-0. 24)
0.44(0.31-0.50)
0.29(0.25-0. 33)
0.54(0,49-0, 61 )
2,35(2,29-2,41)

0.32(0.24-0.47)

0.54(0,48-0,63)

- L90(, 78-2,11)

4.63(4,27-4. 88)
0.79-0,76-0, 83)
0.10(0.08-0.13)
0.27(0.25-0.29)
0. 25(0. 23-0.27)
2.8 (2.2 -3.0 )
0.16(0.14-0.21)
0.13(0.11 -0.18)
0. 23(0.20-0,31)
0. 50(0.43-0.59)
0.37(0.34-0, 42)
0.51(0.47-0.59)
3,29(3,01-3,42)
0. 38(0,27-0.43)

0. 65(0. 56-0.79)
1. 52(0.79-1.88)

7. 40(6. 83-7. 94)
1,420, 25 -l.'59 )
0.12 (0.08-0,14)
0.31(0. 26-0, 33)
0.26(0. 23-0, 28)
2.8 (2.4 -3,1 )
0.19(0.17 -0, 23)
0.17(0.15-0,21)
o.32(o.29-0.37)
0.65(0. 61-0, 70)
0.40(0.31-0. 53}

0.99(0.93-1.17 )

5.31(5,17-5, 42)

0.44(0. 39-0. 54)

1,04(0.96-1,17)
3.10 (2.95-3. 22)

e a0 o

Diameter of acetabulum
Diameter of oral sucker
Length of oral sucker
Diameter of pharynx
Length of pharynx
Diameter of anterior testxs

A e e ST 0R

Length of anterior testis
Distance of anterior testis from postenor end of worm’
Diameter of posterior testis
Length of posterior testis

Distance of posterior testis from posterior end of worm

VAV



Appendix 10. Average measurements of H. buttensis of varying ages developed

in Rana pretiosa having a snout-vent length of 30-35 mm.

Age (days)

~No. of specimens

NN

)

14

22

21 -
23

28
19

60
18

Body lengtil:

Body width
Acetabulum diam.
Oral Sucker diam.
Oral Sucker length
.0/A Ratio

Ovary width

Ovary length

Ant. Testis width
Ant, Testis length
‘Post., Testis width
Post. Testis length

1.25(1.21-1.33)
0.38(0.35-0.52)
0.06(0.06-0.07)
0.13(0.12-0.14)
0.12(0.09-0.13)

2.4 (2.3 =2.5 )

0.08(0.07-0.09)
0.08(0.06-0.09)
0.10(0.09-0.11)
0.14(0.13-0.18)
0.09(0.08-0.10)
0.14(0,13-0.16)

1.81(1.78-1.98)
0.50(0.57-0.57)
0.07(0.07-0.08)
0.18(0.17-0.19)
0.17(0.16-0.18)
2.5 (2.4 =2.7 )
0.17(0.15-0.18)

0.2[4(0.22-0025)

0.25(0.22-0.28)
0.35(0.32-0.37)
0.24(0.21-0.26)
0.33(0.30-0.34)

3.33(3.17-3.63)
0.73(0.63-0.86)
0.09(0.08-0.09)
0.23(0.23-0.27)
0.22(0.19-0.23)
2.5 (2.4 =2.7)
0.26(0.24-0.28)
0.48(0.46-0.49)
0.33(0.28-0.35)
0.58(0.54-0.60)
0.42(0.39-0.43)
0.67(0.63-0.69)

3.88(3.77-3.95)
0.83(0.80-0.94)
0.11(0.10-0.12)
0.26(0.23-0.27)
0.24(0.23-0.26)
2.6 (2.3 =2.7 )
0.30(0.28-0.33)
0.56(0.55-0,59)
0.39(0.38-0.42)
0.62(0.58-0.63)
0.47(0.46-0.49)
0.74(0.72-0.77)

6.46(6.28-6.77)
1.43(1.34-1.57)
0.11(0.10-1.13)
0.28(0.26-0.30)
0.25(0.23-0.26)
2,6 (2.4 -2.8)

‘0039(0-37-00161)
T 0.46(0.43-0.49)

1017(1011.-1019)

.0.53(0.49-0.54)

1.29(1.24-1.33)

All measurements in millimeters.
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Appendix 1l. Average measurements of H. buttensis of varying ages developed in
Rana pretiosa having a snout-vent length of 45-50 mm.

Age (days)

No. of specimens

5
22

14
23

21
21

28
26

60
25

Body Lehgth

Body Wwidth
Acetabulum diam,
Oral Sucker diam,
Oral Sucker lbsngth
O/A Ratio

Ovary width

Ovary length

Ant. Testis width
Ant. Testis length
Post. Testis width

Post. Testis length

1:11(10C';~;lo17;

0.35(0.33-0.38)
0.05{0.05-0,06)
0.14(0.13-0.15)
0.12(0.11-0.14)
.4 (2.3 -2.5)
0.09(0.08-0.10)
0.83(0.07-0.10)

0.09(0.08-0.10)

0.13(0.13"0.17)
0009(0007"0010)
0.13(0.12-0.14)

1.77(1.42-1.79)

0.54(0.46-0.57)
0.07(0.07-0.08)

0.19(0.17-0.20)
0.16(0.15-0,17)
2.5 (2.4 =2.7 )
0.18(0.17-0,20)
0.24(0.23-0.26)
0.22(0.21-0.25)
0.36(0.35-0.40)
0.22(0.21-0.25)
0.32(0.32-0.35)

3.12(2.88-3.37)
0.70(0.58-0.87)
0.09(0.08-0.10)
0.22(0.20-0.24)
0.21(0.18-0.21)
2.5 (2.3 -2.6)
0.24(0.23-0.27)
0.48(0.45-0.50)
0.35(0.32-0.38)
0.63(0.61-6.66)
0.38(0.35-0.39)
0.66(0.63-0.67)

3.91(3.84-4.05)
0.85(0.77-0.92)
0.11(0.09-0.12)
0.26(0.25-0.27)
0.24(0.24-0.26)

2.5.(224- 2.6 )

0.29(0.28-0.31)
0.5640.54-0.57)
0.42(0.42-0.44)
0.64(0.62-0.67)
0.4 (0.42-0.45)
0.74(0.72-0.75)

6011(5083‘6.72) |

1.35(1.06-1.48)
0.12(0.10-0.13)
0.28(0.26-0.30)
0.26(0.23-0.27)

2.6 (2-‘0 ‘2o7 )

0.36(003‘0‘0.38)
‘0071(0.68"00715)
0.51(0.48-0.53)

1.14(1.06-1.19)

0.53(0.49-0.54)
1.24(1.20-1.25)

All measurements in millimeters.
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Appendix 12. Average measurements of H. buttensis of varying ages developed

in Rana pretiosa having a snout-vent length of 55-60 mm.

Age (days)

No. o6f specimens

5
18

14
16

21 |
24

28
17

60
17

Body length

Body width
Acetabulum diam.
Oral Sucker diem.
Oral Sucker length
O/A Raﬁio

-Ovary width

Ovary length

Ant. Testis width
Ant. Testis liength
-Post. Testis width

Post. Testis length

1.26(1.24-1,32)

0.37(0.34-0.38)
0.06(0.06-0.07)
0.12(0.12-0.13)
0.12(0.11-0.12)
2.5 (2.4 -2.6 )
0.08(0.08-0.09)

0.09(0.08-0.10)

0.12(0.11-0.14)
0.14(0.12-0.16)
0.10(0.10-0.13)
0.15(0.13-0.16)

1.76(1.75-1.84)
0.47(0.45-0.50)
0.08{0.07-0.08)
0.17(0.15-0.18)
0.18(0.16-0.18)
2.5 (2.3 -2.7 )
0.18(0.16-0.20)
0.25(0.23-0.26)
0.25(0.23-0.26)
0.34(0.32-0.38)
0.25(0.22-0.26)
0.34(0.33-0.36)

3.31(3.29-3.47)
0.69(0.63-0.71)
0.09(0.08-0.10)
0.24(0.23-0.25)
0.21(0.20-0.22)
2.6 (2.3 -2.6 )
0.25(0.21-0.27)
0.47(0.45-0.48)
0.33(0.31-0.36)
0.57(0.55-0.60)
0.41(0.40-0.44)

0067(006[-}‘0.67) .

3.79(3.63-3.99)
0.80(0.73-0.91)
0.10(0.09-0.11)
0.25(0.25-0.27)
0.24(0.,23-0.26)
2.7 (2.4 =2.8 )
0.32(0.29-0.33)
0.56(0.54=0.57)
0.39{0.37-0-%1)
0.63(0.61-0.64)
0.46(0.43-0.47)
0.74(0.71-0.77)

6-““(5087‘6075)

1.37(1.22-1.43)
0.11(0.10-0.12)
0.28(0.26-0.29)
0.25(0.24-0,28)
2.6 (2.5 =2.7 )

.0.38(0.37-0.40)

0.71(0.66-0.72)
0.46(0.41~0.49)
1.16(1.10-1.21]
0.52(0.49-0.53)
1.26(1.21-1.26)

All measurements in millimeters.
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Appendix 13. Average measurements of H. buttensis of varying ages developed

in Rana pretiogg having a snout-vent length of 65-70 mm.

Age (days)

No. of specimens

5
17

14
26

21
15

28
19

60
21

Body length

Body width
Acetabulum diam.
Oral Sucker diam.
Oral Sucker length
O/A Ratio

Ovary width

Ovary length

Ant, Testis width
Ant. Testis length
-Post. Testis width

Post. Testis length

1.25(1.15-1.30)
0.36(0.35-0.37)
0.06(0.06-0.07)
0.13(0.12-0.13)
0.11(0.10-0.15)

2.3 (2.1 =2.4 )

0.08(0.07-0.09)
0.09(0.07-0.10)
0.11(0.09-0.12)
0.13(0.12-0.17)
0.09(0.08-0.10)
0.14(0.12-0,17)

1.78(1.69-1.80)
0.49(0.42-0.52)
0.07(0.06-0.08)
0.17(0.16-0.18)
0.17(0.17-0.19)
2.4 (2.3 »2.6 )
0.17(0.15-0.19)
0.24(0.22-0.26)
0.24(0.22-0.26)
0.34(0.31-0.37)
0.24(0.20-0.26)
0.33(0.31-0.35)

3‘30(2097"3051)
0.69(0.52-0.83)

0.09(0.07-0.09) .

0.23(0.20-0.24)
0.21(0.20-0,22)
2.5 (2.3 -2.7 )
0.25(0.21-0.28)
0.46(0.45-0.48)
0.32(0.31-0.36)
0.57(0.52-0.58)
0.40(0.37-0.42)
0.66(0.64-0,68)

3.86(3.72-4.10)
0.82(0.71-0.93)
0.10(0.09-0,10)
0.25(0.23-0.26)
0.24(0.22-0.25)
2.6 (2.5 =2.7 )

0.32(0.30-0.35) -

0.55(0.54-0.58)
0.38(0.35-0.40)
0.62(0.59-0.65)
0.47(0.44=0.49)
0.74(0.72-0.76)

6.44(6.00-6.99)
1.38(1.19-1.52)
0.10(0.09-0.11)
0.27(0.25-0.28)
0.25(0.22-0.27)
2.5 (2.2 -2.6.)
0.38(0.35-0.42)
0.70(0.65-0.72)
0.45(0.43-0.49)
1.15(1.04-1.18)
0.52(0.50-0.55)
1.27(1.21-1.28)

All measurements in millimeters.
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Appendix 14, Average measurements of H. buttensis of varying ages developed

in male Rana pretiosa having a snout-vent length of 50 mm.

Age (days)'

No. of specimens

5
22

14
23

21.
R6

28
19

60
25

Body iength

Body width
Acetabulum diam.
Oral Sucker diam.
Oral Sucker length
O/A Ratio

Ovary width .

Ovary length

Ant. Testis width
Ant, Testis length

- Post. Testis width

Post. Testis length

1.06(0.95¢1,18)
0.33(0.32-0.36)
0.06(0.06-0.07)
0.12(0.11-0.12)
0.10(0.09-0.11)
2.4 (2.3 -2.6 )

0.09(0.08-0,10)

0.10(0.09-0.11)
0.12(0.09-0.13)
0.12(0.11-0.18)
0.09(0.07-0.11)
0.14(0.12-0.17)

1.78(1.59-1,.88)
0.55(0.48-0.62)
0.08({0.07-0.08)
0.18(0.15-0.18)

) 0‘17(0.16-0018)

2.4 (2.3 -2.7 )
0.18(0.13-0.26)
0.26(0.25-0.36)
0.24(0.22-0.28)
0.35(0.28-0.37)
0.23(0.20-0.30)
0.32(0.29~0.56)

3.00(2.66-3.57)
0.66(0.51-0.83)
0.08(0,07-0.08)
0.23(0.22-0.25)
0.23(0.21-0.24)
2.6 (2.4 -2.7")
0.24(0.15-0.36)
0.52(0.48-0.65)

0035(0029-0051)

0-65(00 55-0.72)
0.38(0.28-0.47)
0066(0052"0069)

3.96(3.78-4.61)
0.82(0.78-0.87)
0.12(0.11-0.13)
0.27(0.26-0.28)
0.25(0.24-0.27)
2.6 (2.5 -2.8)

0.28(0.21"0.33)‘

0.54(0.48-0.61)
0.43(0.35-0.47)
0.63(0.58-0.70)
0.45(0.36-0.54)
0.79(0.68-0.93)

6.48(5.85-56.78)
1.26(1.18-1.49)
0.13(0.13-0.15)
0.29(0.27-0.32)
0.27(0.26-0.29)
2.6 (2.5 -2.7 )
0.37(0.30-0.40)

0.74(0.72-0.76)

0.50(0.46-0.61)
1.16(1.10-1.37)
0.54(0.48-0.62)
1.36(1.20-1.406)

All measurements in millimeters.
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Appendix 15. Average measﬁrennnte of H. buttensis of varying ages developed

in femalé Rana pretiosa having a snout-vent length of 50 mm.

Age (days)

No. of specimens

5
27

14
24

21
19

28
21

60
23

Body length

Body width
Acetabulum diam,
Oral Sucker diam.
Oral Sucker length
0/A Ratio

vaary width

Ovary length

Ant. Testisiwidth
Ant. Testis lengzh
Post. Testis width
Poét. Testis length

1.09(1.04-1.22)
0.35(0.32-0.36)
0.07(0.06-0.08)
0.12(0.12-0.13)
0.10(0.09-0.11)
2.3 (2.2 -2.5 )

© 0.09(0.08-0.10)

0.10(0.09-0.11)
$.12(0.10-0.13)
0.12(0.12-0.17)
0.09(0.07-0.11)
0.15(0.13-0.17)

1.83(1.71-1.94)
0.57(0.50-0.60)
0.08(0.07-0.09)
0.18(0.16-0.19)
0.17(0.16-0.18)
2.5 (2.3 -2.7 )
0.18(0.14-0.27)
0.25(0.25-0.34)
0.24(0.21-0.26)
0.37(0.,29-0.38)
0.24(0.22-0.32)
0.33(0.31-0.39)

3.09(2.75-3.49)
0.67(0.53-0.83)
0.09(0.08-0.09)
0.23(0.22-0.25)
0.23(0.20-0.24)
2.5 (2.4 =2.7)
0.24(0,16-0.34)
0.50(0.47-0.63)
0.36(0.31-0.50)
0.64(0.54-0.74)
0.40(0.29-0.48)
0.67(0.55-0.67)

L008(3063'L-L5)

0.84(0.76-0.£8).

0.12(0.12-0.13)
0.26(0.26-0.28)
0.26(0.24<0.27)

2.6 (2.4 =2.7 )

0.27(0.22-0.32)
0.54(0.46-0.59)
0.44(0.37-0.57}
0.62(0.57-0.68)
0.46(0.38-0.52)
0.80(0.69-0.89)

6.51(5.93-6.81)

1.33(1.27-1.51)
0.13(0.12-0.14)
10.29(0.26-0.30)
0.27(0.26-0.29)
2.6 (2.5 -2.8 )
0.37(0.28-0.39)
0.72(0.68-0.73)
0.52(0.48-0.59)
1.15(1.13-1.36)
0.55(0.45-0.58)
1.40(1.25-1.53)

All measurements in millimeters.
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Appendix 16 Effects of crowdlng on 60-day-old

Haematoloechus buttensis in Rana pretiosa,

# worms # gravid worms % gravid worms

Frog Number of # worms % per lung per lung per lung *Average body

no, metacercariae recovered survival Right Left Right Left Ripht - Left ?i.ze_ (%f{W)/Z
1 10 7 70.0 3 4 3 4 100 100 3.72(2. 38-5. 29)
2 10 10 100 7 3 7 3100 100 3.92(3.26-5.07)
3 10 6 60.0 4 2 4 2 100 100 3.65(3. 62-4, 37)
4 20 16 80.0 8 8 6 8 75.0 100 3.29(2.74-3.91)
5 . 20 15 75.0 9 6 7 6 77.8 100 3,31(2. 13- 4. 73)
6 20 15 75.0 8 7 8 7 100 100 - 3.47(2.86-4.,55)
7 40 25 62.5 14 1 10 7 71. 4 63.6 2,80(2.25-3,33)
8 40 27 67.5 9 18 8 1 gs.9 6L.1 3.97(2. 60-3. 75)
9 40 2. 80.0 18 4 10 9 55.6 a3 Z.25(L63-3,53)
= 80 43 53.8 20 23 12 12 0.0  s2.2  1.99(1.73-2.43)
n 80 27 338 n 16 9 7 8L 8 .43. 8 1. 8¢(1. 31- 2, 50)
12 80 52 65.0 31 21 18 15 35.5 714 2.05(L 66-2.63)
13 160 85 5.1 50 35 23 19 46,6 543  1.20(0.89-1.47)
14 160 101 63.1 - 49 52 17 2 34.7 40.4 1.27(0198-1. 67)
s 160 120 . 75.0 49 71 19 12 38.8 16,9  1.32(1,00-1 80)

*Measurements in square millimeters,
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Appendix 17. Average measurements of H. buttensis of varying ages developed in Rana pretiosa,

Age (days) 5
No. of specimens 21

14

21

28

60

19

18

16

-18

Acetabulum 0;054(0,053-0.056) 0.069(0.065-0,075)

Oral sucker 0,119 (0.115 -0. 123)

length

Oral sucker 0,129(0.120-0,135)

width

O/ A ratio

0.169(0,160-0.181 )

0.180(0.175-0.190)

0.088(0.076-0,096)
0.211 (0.199-0, 227)

0.230(0.198-0, 253)

2.4 (2.2 -2.6 ) 2.6 (2.4 -2.7 ) 2.6 (2.5 -2.8 )

Ovary length 0.082(0.067-0,097)

0.243(0.211 -0, 301 )

Ovary width 0.-079(0,071-0,089) 0.171 (0.153-0.190)

Ant, testis
~ length
Ant. testis
‘ width
Posi. testis
length
Post, testis
width
Body length

Body width
Egg length

Egs width

0.136(0.117 -0.168)
0.0R5{2,505-0,101 )
0.138(0.127-0,151)
0.079(0,059-0.101 )
1.061(0.979-1.200)

0.352(0.329-0,757)

0.338(0. 2990, 365)
0.235(0, 201 -0, 273)
0.331(0. 288-0. 350)
0.233(0. 200-0. 279)
L.777(1.726-1. 821 )
0.507(0. 480-0, 587)
0.017(0. 016 -0, 018 )

0.016(0. 015-0, 017 )

0. 5010, 438-0, 529)
0.24&0.163-0.307)
0. 611 (0, 526-0, 730)
0;339(0.253-0.401)
0.669(0.597-0, 745)
0.402(0.277-0. 513 )
3.265(2.760-3.715)
0.746(0. 689-0, 987)
0.024(0.020-0. 02 9)

0.017(0.016-0.018)

0.098(0.090-0.109)
U.237(0.229-0, 243)

0.251(0.236-0.267)

2.6 (2.5 -2.7 )
0.553(0. 522-0. 603)
0.285(0. 231-0. 337)
0. 608(0. 567-0. 667)
0.411 (0,359-0,467;
0.745(0. 680-0. 837)
0.474(0. 400-0. 521 )
3.918(3. 650-4. 300)
0.8909(0.771-0. 850)
0.023(0. 022-0. 024)

0.018(0.017-0.019)

0.104(0.096-0.110 )

0.241(0.211 -0, 263)

0.273(0,250-0.286) -

2.6 .(2.5 -2.7 )
0.723(0. 691 -0, 730)
0.3.72(0.337-0. 396)
1147 (1.069-1. 237)
S.474(0.380-0, 540)
1.263(1. 216 -1, 300)
0.528(0. 440-0, 637)
6.413(5, 780-7.005)
1.399 (1, 220 -1. 518 )

0.023(0,022-0,025)

All measurements in millimeters.

0.018(0.0s7-0.018)
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Appendix 18, Average r'nea'surements of H. buttensis of varying ages developed in Rana aurora,

60

Age (days) 5 14 21 28
N?. of specimens 17 13 14 15 1
0.061(0.055-9.063) 0.077(0.069-0.081) '0.099(0.087-0.103) 0.110 (0.101 -0.121 ) 0111 (0.7099-0.122)

Acetabulum

Oral sucker
length

Oral sucker
width

'O/ A ratio

Ovary length
Ovary width

Ant. testis
length

Ant. testis
width
Post testis
length
testis
width
Body length

Boct.

Body width
Egg lenéth

Epgg width

0.133(0.126-0.142)
0.145(0.137-0.158)
2.4
Absent
- Absent
0.084(0.052-0.119 )
0.065(0. 044-0. 082)
0.133(0.119 -, 124}
0.048(0,033-0, 073)
6.802(0.753-0.948)
0. 265(0. 257-0. 288)
Absent

Absent

0.189(0.170 -0, 204)
0.201(0.188-0.206)
2.6
Absent
Absent
0. 212 (0,188-0. 253)
0.165(0.128-0, 203)
4,30200,264-0.352)"
0.133(0.096-0, 1'}5 )
1,439 (1. 267 -1. 680 )
0.378(0.364-0.397)
Absent

Absent

0.237(0. 212 -0. 243)
0.258(0, 225-0, 279}
2.6
0.203(0.148-0.213)
0.075(0.066-0,082)
0. 390(0. 288-0, 427)
0.254(0.213-0.304)
0. 675(0.583-0.797)
0.225(0,188-0,264)
2.319(1.926-2.551)
0.550(0. 497-0. 622)
Absent

Absent

0.265(0. 287-0. 280)
0.281 (0. 250-0. 289)
2.6
0.388(0. 320-0. 416 )
0.113 (0, 087-0.121 )
0. 412 (0. 339-0. 480)
0. 281 (0. 265-0. 313 )
0.778(0. 719 - 0. 850)
0.240(0. 203-0. 288)
3.278(2.981-3, 464)

0. 634(0. 581-0, 714)

0.270(0. 250-0. 291)
0.306(0, 267-0, 322)
2.8
0. 448(0. 392-0, 506)
0.126(0.113 =0.136)
0. 706(0. 619 -0, 785)
d. 361 (0. 305-0. 389)
1:325(1.247-1.38i)
0. 312 (0. 276-0.370)
4.951(4.326-5.219)

1,202(0.995-1.367)

0.019 (0, 017-0,020) 0.020(0.018-0,022)

0.016(0.015 -0,018)

0.017(0.016-0.017 ,

All measurements in millimeters.
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Appendix 19 Average measurements

of H, buttensis of varying ages developed in Rana clamitans,

21

28

Body length
Body width
Egg length

Egg width

0.823(0,764-0,989)
0.259(0,245-0,277)
Absent

Absent

1.367(L. 217 -1.592)
0.370(0.348-0. 391 )
Absent

Absent

2.247(2.032~2,574)
0.538(0.450-0,552)
Absent

Absent

3.186(2.951-3, 324)
0.636(0,599-0. 682)
0.018(0,017-0,019)

0.016(0,015 -0, 017)

Age (days) 5 :
No, of specimens 14 12 15 13 9
Acetabulum 0.062(0..057-0. 065) 0.080(0,071-0,087) 0,101(0,093-0.105) 0.112 (0.105-0.117 ) O. 119 (0.;0'9-0.1-23)
Oral sucker 0.136(0.128-0,142) 'o..1'93 (0,157-0.201) 0,241(0,235-0.241) 0.270(0.262-0.291) 0.275(0.270-0. 273)
Oral i‘:lit:r 0.147(0.139-0,152) 0.205(0.190-0, 211 ) 0,262(0.257-0.266) 0.286(0,270-0.295) O. 312(0.300-6. 324)
O/A ;";:::h 2.4 2.6 . 2,6 2.6 2.6
Ovary length Absent Abs;ant 0. 521(0.473-0. 562) 0.601(0,.512-0,682) 0,870(0.689-0, 851).
Ovary width Absent Absent 0.453(0,401-0.528) 0.467(0. 409'0.-521) 0.682(0.614-0.737)
Ant, testis 0.15_2(0.;17 -0.167) 0.378(0. 348-0.'417) 0.679(0.613-0,705) 0.693(0.649-0,761) 1,284(1.172 -1.322)‘
Ant, i::tgit: - 0.095(0,077-0.117 ) 0,252(0.175-0.277) 0.363(0.311 -0, 427) 0.440(0.416-0. 491) 0.507(0.466-0, 582)
‘Post.wtl:st:lis '0.165{’_.3.236-0.182) 0.397(0.335-0, 427) 0; 743(0.669-0.879) 0.827(0.774-0.865) 1.402(1.325-1,457 )
Post.let:f:?s 0.140(0.072-0.112 ) 0,277(0,.250-0,289) 0.427(0,401-0.518) 0,502(0,460-0.463) 0,.560(0.537-0. 648)

width

4.877(4.429-5, 243) _

1.167 (0.928-1,245)
0.023(0.022-0.025)

0.017(0.016-0.018)

All measurements in millimeters.
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Appendix 20,Average measurements of H, buttensis of varying ages developed

in Bufo boreas.

28 ‘ 60

Age (days) 5 14 ' 21
No. of specimens 19 : 17 17

21 20

Acetabulum 0,049(0.047-0,051) 0,061 (0,057-0.065) 0.076(0.063-0.083)

Oral sucker 0.137(0.128-0,145) 0,188(0.167-0,212) 0.235(0,215-0,257)

length
Oral sucker 0.135(0.124-0.141) 0.185(0.171 -0.206) 0.237(0.195-0. 258)

width .
O/ A ratio 2.7 (2.6 -2.8 ) 3.1 (2.9 =-3.2 ) 3.1 (2.9 -3.3 )

Ovary length Absent 0.231(0,190-0.304) 0.457(0.313~-0,514)
Ovary width Absent 0.085(0.066-0.098) 0,133(0.130-0.194)

Ant. testis  0.096(0.080-0.128) 0.244(0.210-0.271) 0.448(0.367-0. 539)

length
Ant. testis 0.073(0.052-0,085) 0,186(0.148-0.266) 0.285(0.208-0.333)

width .
Post, testis 0,153(0.127-0,201) 0,373(0.314-0.397) 0.776{0,628-0.901)

length
Post. testis 0.053(0.036-0.069) 0.146(0.117 -0.179) 0.248(0.166-0. 245}

. width

Body length  0,879(0.824-0.962) 1,534(1.429-1,771 ) 2,.695(2.112 -3, 224)
Body width ~ 0,309(0.290-0.321) 0,429(0.422-0.542) 0.625(0,575-0.786)
Egg length. ' Absent Absent 0.023(0.019-0.025)

Egg width Absent ’ Absent 0.016(0.014-0,018)

0.091(0.083-0.099) 0,100(0.082-0,120)
0.270(0.255-0.282) 0.291(0.242-0. 346)
0.264(0,253-0.280) 0,305(0,244-0,372)

2.9 (2.8 -3.1 ) 3.0 (2.9 ~-3.1 )

0.527(0.475~-0.595) 0.684(0.552-0.825)

-0.097(0.086-0,107) 0.132(0.105-0,159)

0.473(0.431-0,504) 0.8ll (0.652-0,983)

0.316(9.256-0.389) 0.406(0.326-0, 490)

0.895(0.775-1.070) -1.523(1.227-1, 835)
n,216(0.169-0,252) 0.343(0.271-0,416)
3.431{3.083-4.037) 5.353(4,325-6,450)
0.743(0,707-0.784) '1,366(1.104 -1, 638)
0.023(0.023-0,026) 0.023(0.023-0,025)

0.018(0.017-0,018) 0,017(0,017-0.018)

All measurements in millimeters..
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Appendix 21, Avefage measurements of H. buttensis of varying ages developed in

Rana pretiocsa when Physa nuttalli was the first. . intermediate host.

Age (days)

No. of specimens

W

(Y%

-
&

14

e

21
23

28
20

60
19

Body lengil:

Body width
Acetabulum diam.
Oral Sucker diam,
Oral Sucker length
0/A Ratio

Ovary width

Ovary length

Ant. Testis width
Ant, Testis length
Post. Testis width
Post. Testis length

1.11(0.97-1.19)
0.34(0.32-0.36)
0.07{0.05-0.07)
0.12(0.10-0.13)

0.11(0.10"0. 12)

2.5 (2.3 -2.6 )

0.10(0.09-0.10)

0.11(0.10-0.12)
0.12(0.07-0.14)
0.12(0.11-0.18)
0.09(0.08-0.10)
0.15(0.12-0.17)

1.81(1.77-1.88)
0.57(0.51-0.59)
0.08(0.07-0.09)
0.18(0.17-0.21)
0.17(0.15-0.19)
2.5 (2.4 -2.7 )
0.19(0.16-0.21)
0.27(0.22-0.32)
0.25(0.22-0.32)
0.36(0.30-0.39)
0.24(0.20-0.26)
0.33(0.27-0.34)

3.17(2.74-3.59)
0.68(0.66-0.79)
0.08(0.08-0.09)
0.24(0.22-0.27)
0.23(0.20-0.24)
2.6 (2.4 -2.8 )
0.24(0.17-0.33)
0.52(0.39-0.54)
0.36(0.28-0.39)
0.65(0.55-0.74)
0.39(0.29-0.47)
0.67(0.55-0.77)

4.11(3.58-4.47)
0.83(0‘80-0083 )
0.12(0.10-0.14)

0.27(0.24-0.29)-

0.25(0.24-0.28)
2.5 (2.3 -2.6 )
0.29(0.28-0.34)
0.56(0.53-0.63)

0.44(0.43-0.52)

0.65(0.60-0.71)
0.46(0.38-0.57)
0.80(0.76-0.92)

606“(5089‘6096)
1.32(1.27-1.61)
0.14(0.12-0.15)

0.29(0.27-0.33)

0.28(0.26-0.30)

-‘ 206 (205 ‘207 )

0.38(0.34-0.42)
0.74(0.73-0.77)
0.55(0.36-0.61)
1.18(1.00-1.3€)
0.55(0.47-0.69)
1.38(1.27-1.48)

All measurements in millimeters.
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Appendix 22 Summary of some measurements given in type descriptions,

H. buttensis

H. similiple:us *_IL similiplexus H. varioplexus 'H. floedae
Stafford (1902) T¥EL - LT Stafford (1902) Harwood (1932)

Ingles (1936)

Acetabulum

Oral sucker length

0. 31 (0. 24-0. 37)

0.3(0.18 -0.14)

(0. 38) (0. 41)

(0.44) (0.51)

Oral sucker width 0.46 (0.29-0.47) (0.41)(0.57) (3.6-4.4)
O/ A ratio 1:0. 7 (1:0. 6-1, 08) (1.1:1.0) (1. 4:1.0) 4:3 3:1
Pharynx length 0.22

Pharynx width 0.2l

Ovary length . 0.44 (0. 26-0. 55) (0.29) (0. 46) (0. 65-0.,83)
Ovary width 0.32 (0.20-0.37) (0.21) (0. 43) (0. 32-0. 45)
Ant. testis length (0.34) (0. 48) (0.7 - 1.1)

Ant. testis width:

0. 82 (0. 45-1,03)

(0.34) (0. 45)

(0. 32-5. £5)

(0. 8-1; 2)

Post. testis length {(0.46) (0. 56)

Post, testis width 0. 64 (0. 43-0. 87) (0.34) (0. 58) (0.34-0.7) .
Body length" 7.4 (3.2 -10.0) (3 - 8) 1.9 (1. 8-5.8) 10. 5 (4.4 -10.0)
Body width 1.3 (0.7 -2.2 ) (0. 67-1. 96) 2.0 (1.2-1.6 )
Egg length o.027('o.ozs-o.o30) 0.039° 0.038(0.034-0.04) 0.029 (0. 017-0. 021)
Egg width 0.014(0. 011 -0, 017) 0.019 0.018(0.017-0.021) 0.018 (0.013-0, 018)

*A redescription from Cort, 19/5a.
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Appendix 22 continued '

H. uniplexus H, parviplexus H. breviplexus *H, breviplexus H. longiplexus

Harwood 1932 (Irwin 1929) Stafford (1902) Stafford (1902)

Acetabulum ' 0.08 0.16 ) 0.23
Oral sucker length _ (0.46) (0. 38)
Oral sucker width 0.23 R 0.32 (0. 4) (0. 28) (0. 46) (0. 49)
O/ A ratio 1:3 4:1 1:2 2:1
Pharynx width o014 ' | (0.19) (0.195)
Ovary length (1. 16) (0.79) 1. 57

" Ovary width ' 0.495 (0. 314) | 0. 92
Ant. testis length | 0.5 1,023 (1, 04) 1.71 .
Ant. testis width  0.16 0.578 (0. 495) | 1.03
Post. testis length 0,48 (L 469) (1.02) ‘ 231
Post, testis width | 0.16 (0. 528) (0.512) 1.1
Body length 4,25 (3.9-8.49 12,0 (5.8)(9.4). 7.0 o0r 8,0 (15)
Body width 0.7 (0. 85-1. 6) (2.0-2,5) (1.8) (2.74) ‘About 2.0 (3.0)
Egg length (0.021-0.017)0. 025(0. 023-0.029)  0.022 0.023(0. 021-0. 026) 0.022
Egg width (0. 017-0. 013) 0, 017(0. 016-0, 019) 0. 017 0.014(0. 013-0, 016) 0. 017
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Appendix 22 continued

*ﬁ. longiglexds H. complexus H. kernensis H. tumidus
O Seely (1906) Ingles (1932) Ingles (1932)

Acetabulum 0.7 0.38 0 44 0. 68
Oral sucker length 0. 36 0. 44
Oral sucker width 0.42 0.4 0. 61
O/ A ratio (5:2 - 2:1) ' : 1:1 (7:6-15:16) 5:6
Pharynx length 0.22 : : : : 0.49
Pharynx width 0.18 R ’ 0.31
Ovary length | 0.85 | 0.7 0.87
Ovary width 0.72 . 0.32 0.37 (0. 58) ‘
Ant. testis length .08 1.
Ant. testis width 0. 27 0.92 0.97 0.16
Post. testis length 126 T L4
Post. testis width 0.32 ' 0.92 : 9.96 0.15
Bod'y length 46 (5-8) 6.3 (5.5-7.0) 3.1(6.4-9.7)
Body width | 2.0 L7 L54 2.5
Egg length 0.025(0,022-0, 087) 0.029 0.030(0.025~0.039) 0.032(0.039-0.036)
Egg width ~ 0.015(0,014-0.017) - 0.014 0.016 0.017
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Appendix 22 continued

H. confusus
Ingles (1932)

H. oxyorchis
Ingles (1932)

¥H. coloradensis

P2 L
P

s

H. medioplexus
Stafford (1902)

*E. mediogle;cus

P L T
S e

Acetabulum Q.32 0.32
Oral sucker length _ | 0.44
Oral sucker width 0.4l | 0.46
O/ A ratio 5:4 (7:6-8:5) 4:3 (5:4-9:5) ‘
Pharynx length 0. 34
Pharynx width 0.31 0. .28
Ovary length .+ 0,58 0.40
Ovary width - 0.51 _ 0.19
_Ant. testis length 0. 51
Ant. testis width 0.76 0.44
Post testis length | 0.50
Post. testis width 0.78 0.42

Body length 5.8 (3.8-6.5) 3.9(3.3-4.9)
Body width 0. 87 0.9

Egg length 0,027(0. 026-0, 030)

5:4 (7:6-4:3)

(0.30 -~ 0.49)

(0.22 - 0,42)

(0.42 - 0. 64)

(0.46 - 0. 60)

(0.46 - 0.74)

(0.44 - 0. 86)
8.1

1. 55

0.034(0.032-0.039)

0.026(0.024-0,029)

Egg width - 0.017 © 0,015

0.020(0.018-0,021)

(0.12) (0.15)
(0.22)

(0. 31) (0. 24)

0.028

0.018 -

0.08
(0. 39) (0< 40)
(0.37) (0. 35)
4:1

0.23

0.6
(3.9-7. 8)

(0.59-1.2)

0.026(0.022-0.029)

0.015(0.013-0. 017)
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Appendix ¢ 3 Known Hosts of Adult Haematoloechus sp. in Canada and the United States

Host brevivlexus buttensis

Haematoloechus

goloradensis cow:.lerus confusus

floedue kernersis Jlongirisxus

Ranicae

3ana aursen

R.aurora draytont

R.blatry

R.Devlt 1

1,4,12,30,37 8
3&,12, 3097, )

D.cztesbetana

.cla=!itans 4,23, 02,

B.gretiosa 32(experizental )

R.pret{osa .
Hybrids

R.scivatica ..

R.sectentrionalis

R.schenocerhaia

2,.svlvatica

Bufonidae

Bufo arericanus I
3.cicroscarhus

E.wocshousid

Hylilae

Evii chrysoscelis

41 41

18

4,27,29,31, 3,4,10,12, 25
PO A S 1%,52,56,'

3,4,12.

27,31.
27,31. L1

L

13

L1

8,15,28 1,8,11,12,15
3333.2% 24,32,35,36,"
38,41,
P 8,21.

32,36.

32

21

41

l.3tafford(1502)
2.3t3ford(1905)

12,.Brandt(1936)
13.Ingles(1936)

J.Se2lv(1%C2)
L.oort(1715)
$.7ortner(1%23)
6. rwin(1%22)

T erul2(192)

)

1L .0ennctt{1938)
15.%anter(1938)
16.Caballero(1941)
17.7arxer(1941)
13.Cavallero{1342)
19.Rankin(1945)

23 .Najarian{1955)

24 .Turner(1958)

25.Cheng and Provenza(1960)
26.Creng{1960)

27.Francsen anc¢ Crundman(1960)
28.Lofrin(1560)

29.uaite(1561)
JL.Fnight,sarbay and dMorrison

20.Uribe-Fiecrahita(1948) {1995)

21 .3suchara(l%51)

1l.7rcavriep e and Hefley <2.U3)aug{lysg)

{13

31.Farry and Grundman(1965)
32.Lchull(19L5)
33.Jacobs and HMorrison(1966)

34 .Campbell(1968)
35.Clark and Longest(1970)
i

7.Hollis
38.bubero and Colling(1974)
39.Cain ana French(1975)
LO.Dronenéig;gi
41.3rooxs(1976
42.R0sen ana wanis{1976)
43 .henneuy(nunpublished

12



Appendix "-} cout . Xnown Hosts of Adult jeematgloechus ap. in Canada and the United Staves.

Haeratoloechus
Host mediocolexus oyxorchis ' parviclexus sirmilinlexus tumiaus uniplexus varioplexus
Ranidae
Rana Aurcra 13
R.aurora drayto 9,10. ' 9
R.blatrd 41 ) o 41
2.boyld
R.citesheiana 33 : 14,38,41. 1,34,35. . 1
R.clacitans 19,21, 251L,23.29, 21
R.goylio )
R.mantzume 13 ) 16
R.ral=mfces 20
R.zaluseris 19,21,
.oirfeas 5,18,19 1,4,5,36. L.
8.plziens 26 56,37 L. . e
R.gretioasa . : 24
.pretiosa
2 Hybrids
R.svlvatica
R.s2~tentrionalis 21 21
R.scvi:enocechala o ) 8
- R.svlvstiea _ 2)
Bufonidnae
Eufo aTericanus 1 . V 1,4,36.
B.zicroscachus ]
B.woadhousit . 4 . ) L1
Hylidae
Evia chrysoscells
12,32andt(1936) 23. Vajarian(l955) 3L, Lampbell(l908)
13.Inpgles(1936) 24.Turner{1958) 35.Clark and Longest(1970)
1L.B2nnett{1318) 25.Cheng and Provenza({1960) 30.Ulmer{1970)
15.4anter(1938) 26 .Cheng(1960) 37.Hollis(1972)
16.Caballero{1941) 27.Frandsen and Grundman(1960) 38.3abero and Golling(1974)
17.Parker(1941) 28.Loftin(1960) 39.Cain and French(1475)
18.Caballero(1942) 29.5aitz{1961) LO.uronen(1975)
19.%ankin(1%45) 3C.tnipht,3arbay and ilorrison Ll.3rooks(197¢)
20, lr‘o»-kxeurahita(19b8) (1905) L2.R03en anc ~anis(1076)
1333) 2).bouchard(1951) 31.Purcy and Grundman(19€5) L3 .nenncdy{unpublished)
oricze and Hefley 22.721augl195L) 32.5chell{1905)

{1324) 33.cacats and Aorrison({906)
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