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ABSTRACT

: Infective, third stage E{ uncinaté Juveniles were found

in Daphnia pulex, D. ggggg and Simocephalus vetulus collected from-
thé.Field\StatiQn Pond’at Delta. bThe ﬁarasites‘Werelpresent in the
pond . ffom late Méy td-earlv Novembef, and-reached,a peak abundance of
108 parasites per 100 D. ggggg in early August.

Laboratory experiments with Daphnisa Qplex, D. mag na,

Simocephalus vetulus; Ceriodaphnia reticulata, C. acanthina, Molna

- macrocopa, Eurycercus lamellatus, Gammarus lacustris, Hyalella

azteca, Lynceus brachyurus and Chirocephalopsis bundyl demonstrated
that these Delta crustaceans become infected when”exposed to E,

'unoinataweggs. Insect larvae, ostracods, COpepodsfand*thehcladOCerans

E. uncinata developed to third stage in Daphnia pulex and

"Q.-géggg in 30 days at 15°¢c. and in 10 days at 20 = 24°¢,
| Eggs of E. dncinéta'perished when frozen for 85 days but
:Sﬁrv1Ved the same period when dried.on filter paﬁer.at,zo - 24°¢,

In penned'Delta}Mallards, E. uncinate moulted from fourth
stage Juveniles to adults after 20 days, male worms were sexually
mature after 30 days and females were ovipositing after 40 days.

. E. uncinata grew faster and were more successful In one--
week 01dee1ta_Ma11ards than in two and thrée—monthfold birds. This
hemétbde easlily 1nfectéd mallards, pintails, gédwéils, lesser scaup;.
common eiders‘and domestié geese, but not"shéveliers, blue~W1nged teal,

-redheads, ruddy ducks and coots.



1ii

In the definitive host, E. uncinata burrowed under the
mucdsa of thé,isthmus, the Junction of the proventriculus and gizzard,
where granulomas were formed. The.number“of‘granulomas=was correlated
with the number of pafasités. E. uncinata survived all wiﬁter in

mallards keptvat_the Delté Waterfowl Research Station.
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" INTRODUCTION

- The biology of the parasite nematode, Echinuria uncinata

-(Rudolphi 1819), Soloviev, 1912, ‘and its effects on waterfowl
populations have been studied in the old world by several European
-and Russian researchers. Little information on this nematode appears
~1h.Norfh Amerlcan literature. Unpublished data of the late Dr. R.
thﬁellvofkthe University of Saskatchawan indicated a heavy infest-
ationxof hallards fronm western Canada With this nematode. Cornwell
(1963) described an outbreak of echinuriasis in wild ducks and
trumpeter swans at Delta, Manitoba.
The ‘large Delta Marsh is situated at the southern tip of

Lake Manitoba and supports 1arge populations of the hosts required
v,forvthe development of E. uncinata. Excellent ‘research facilities
are. aﬁaiiable at the Délfa Waﬁerfowl Reéearch»Station. These factors
make this location ideal for a study of the biology, oceurrence and
pathogenicity of E. uncinata. |

_ The objectives of this study are to obtain information on
thefbiology; pathogenicity»andmimportance of E. uncinata at Delta,
a‘Manitoba. ‘This 1nf6rmation.w111 he1p‘towards'afbetter understanding
of the ecology of tﬁis parasite and its influences on a valuabie
resource, watefqul. To achieverthese‘objectives,'we examined the
followingvhypothases and'asbects of the ecology of E. uncinata at
Delta: 1) its occurrence in the cfustaceans of the Delta Marsh, 2)

Qan E. uncinata infect invertebrates other than Daphnia pulex and D.

magna, 3) its developmentainlg. pulex and D. magna, 4) the tolerance of



§.vﬁncinata ova to freeiiné and dessigatibﬁ,’S) 1ts development in
| thé'Délta Mallard, 6) the infections of E. uncinata in Delta Mallards '
of different ages, 7) E. uncinate infections in different species of |
<waterfowl, 8) E. uncinata 1nfection of different 1ntensit1es in

Delta Mallards end 9} the durationAoﬂ natural 1nfections‘of gy
. uncinéta_in Delta Mallards. o o I
All field surveys and experiments requirﬁng waterfowl
: were carried out at the Delta Waterfowl Researoh Station during the
summers of 1968 and 1969, Other experiments and tho analysis of data

were oonductﬂd at the University of Manitoba.



REVIEW OF LITERATURE

Published reports on Echinuria uncinata deal with

its taxonomy, occurrence, morphology and pathogenioity with few

lnotes.on"its biologye 3

SYSTEMATICS
The order Spirurida was reviewed by Cram (1927),

§Chitwood and Chitwood (1950), Osche (1955), and Skrjabin et al.(1965).
In»Spirurida, the guperfamily Spiruroidea Raillet and Henry, 1915,
) contains the family Aouariidao_Raillet, Henry et Siso#, 1912,
Generé of Aouariidae have pseudolablia and cuticular ornsments on
the céphalio regioﬁ. The subfamily Acuar*inée Rallléﬁ, Hénry and
Sisov,; 1912, oontains genera with cordonso Sobeolev (19@3) split
Acuariinae by establishing the new subfam*ly Echinuriipae, which
contains genera with co*dons and body spines, the latter being
absent from genera of Acuariinae,

‘ ) The genus Echinuria Soloviev, 1912 has the: following
synonym&s acoording to Cram, (1927); Filaria Mueller, 78?, pro

- parte; Aouéria_?:omser, 1811; pro parte; Spiroptera Rudolphi, 1819,

f prO;Qgrté;'Dispharagus Dujardin,'1845; pro partej Histlocephalus:
Diesing,'1851; pro_parte- Dispharynx Raillet Henry end Sisov, 1912,

. pro Ear e and Hamannia Raillet, Henry and Sisov, 1912.

Occasionally, the name Acuaria is still used Instead of



Echinuria in recent papers (e.g. Marotel and Pierron,‘19&7;
Moynihan and Stovell, 1955). |
| The number of specles of Echinuria is uncertain,

Ryzhikov (1961a) listed 11 species; Yamaguti (1961) 19 and Alil

(1968) 16, Echinuria cygni Morini, Colombo and Martin, 1960
was not included in any of these 1istings.

‘Species of Echinuria have been found in Anseriformes,
Ciconiformes, Phoenicopteriformes, Lariformes, Charadriformes

(after Ryzhikov, 1961a) and Ralliformes (Pavlov and Sergeeva, 1961),

Echinuria uncinats (Rudolphi, 1819) Soloviev, 1912, is a perasite
of Anseriformes with one reported infection in the coot; a.

ralliform (Colbo, 1965).

. MORPHOLOGY

Echinuria uncinata is the type species of the genus and.

- Echinuria 1s the type genus'of the subfemily Echinuriinae. E.

.uncinata possesses four cordons which anastomoze and are non recﬁrrent;_
Four rows of spines run nearly the entire length of the body (Cram,
1927). The cordons are a series of double pointed ridges | ‘
.(Czaplinski, 1962) and not glandular structures as described by S9N
‘Marotel and Pierron (1947), Two prominent pseudolabia surrouﬁdk

the mouth opening whieh leads into'fhe buecai capsule or stoma,

The oesophagus has two parts, an antefior muscular and a posterior,

glandular section. Measurements of body parts are given in Table I;& II.



TABLE I

Recorded ranées<fof body portions of adult E. unelnata

in millimeters

Females o Males

Measurement Reference* Measurement Reference¥

»B&d& length . 6.7 = 20,0 i (1) L. - 11.6 (1)‘V
ﬁax.'Bbdy_Width 0,50 - 1.02 (1) 0.280 - 0.382 (1)

* Gordon length_ | 0528 - 1;02 (1) 0.392 - 70,772 (1)
Buccal length 0.112 = 0.212 (1) 0.110 = 0.170 (1)
Musc. Oes. length . 0,630 - 1,06 ~ (1) 0,520 - 0.892 (1)

Gland. Oesq length 2,29 = '2 53 (2) 1.05 = 2,55 (1)

| 1.254 - 2,210 (1)
Tail length 0.20 - 0.2%  (3) 0.330 (%)
o .l ’ 00212 - 00297 (1) 00360"' 00’4’30 (2)
Left Spicule length 04515 - 0.730 (2)
- 0.580 - 0.840 (5)
Righi Spicule length ' E 0.140 - 0.208 (5)

Vulva to tip of tall 0,680 - 21;70

(1)
ova width =~ 0,018 - 0.020 (3)
i . 0.0212- 0,0255. (1)
(2)

(1)

Ova length 0.033 - 0.037
, » ' 0.034 - o0.0k2

o (,) ‘Potekhina, 1963; (2) Czaplinski, 1962- (3). Bezubik, 19563
(4) Cram, 1927; and (5) Rhyzikov, 1961,



TABLE II
.Meaéurementslofv§g~uncinataicoliécted in Manitoba and Saskatchewan *

in millimeteré

"FEmales‘ : Males

Body length . 3.0% = 20,95 3 4% - 13,9
Max, Body width - 0.13%= 0,87 0cli%a 0460
‘Cdﬁaon 1ength. 0.25%= 1,10 | 0e25%-~ 0,93
Buccal 1eng§h | 0.13 - 0.20 0,09 - 0,19
Musc. Ocs. length o -0,64 - 1.22 041 - 1,05
Gland. Oes. length 1.25 - 3,25 1,00 - 3,04
Tail length o '0.08*5 0.38 0.17%= 0.43
Left'Spicule“iength | - u © 0419%a 0,94
‘Right Spicule 1eﬁgthv | .ﬂ . 0.,11%. 0,26

Vulva to tip of tail  0.43%~ 1.82

+ Collected for Dr. R. Connell. |
% MHNMeasurements taken from sexually immaeture adults.



Gravid females are didelphic with the anterior portion
of‘tha uteri nearly reaching the stona. The vagina and muscular"
sphincter (Cram, 1927) make ﬁp the ovijector. Males possess two |
}ﬁneqﬁal énd differeﬁtlj.étructured'spicules. The 1eftlis long »
end thin, thé'right_tsvshqrt and heavy (Cram, 1927). Gaudal alae
ére;suppbrtedfby»four pairs of»pedunculata@precloacal_papiilae.

‘ The;e%ACf number of postcloéoal papillae is in qﬁestion, Bezubik
(1956")‘,”01"5.31- (1927, c»z-apiinski (1962) and Byzhikov (1961a) |
claimed that five palrs are present while Potekhins (1963)
observed only four palirs.

. ~ The cuticle of E. uncinata has no fibrillar layer and -
consists of a thin cortex, external 1am911a, homogenous 1ayer,
1nternal lame]la, basal layer and membraae (Bogoyavlenski9 1961)
:Bogoyavlenski (1962) also studied the hypodermis of this nematode,

. The eggs of Es uncinata are thick shelled, ovate,
embryonated and have a specific gravity of 1.2 (Shakhnazarova, 1946),
Monne (1958) found tbat the egg shells contained quinone - tanned,
gram neéaui«e proteius. _ _

First stage. F. uncinata juveniles are O 126 - 0,175
’Ain 1ength ‘soon -after. hatching (Kauker, 1941 and.Romanova, 194?).
KoteInikOV'(1961) observed'a slight bulb in the oesophagus of first
stage Juveniles; Second stage juvenliles are 0,636 = 0,640 mm. in
1ength (ROmanbva, 1947) and have a cylindfical oesophagus and a
well defined intestine;‘ KoteXnikov (1961) observed a thin sheath

which extﬁnded'beyond the head of second stage Jjuveniles., Third:



stage Juvenlles are infective and generally‘measure 1.2 to 1.6mn,
in.length (Rémanova, 1947). Bezubik (1956) reported that third
stage Juveniles were 1.7.to 2,0 mm in length, while Garkavi (1960)
.found some of these Juveniles to be only 0.86 mm longe Short
'-cuticular ridges aré-found near the extreme anterior tip of third
‘ stage juveniles. These might be primordial coruon g, and Seurat (1919),
Chabaud (1954) and Osche (1955) suggested that juveniles of aeuariid
nematodes poqsess the cordons of more primitive genera. This
hypothesis was supported with examples by Chabaud and Petter (1959);
Fourth stage juveniles of Eo uncinata ere not described in the
11teratuse, | |

‘ Novrepérts on variations in adult norphology of Ea.

'qnéinata are avaﬁlabié@.but aCGbrding to Ryzhikov (1961&), the best

‘and presumably least variable-generic charactéristics of Echinuria are
the ektenslon of the cordons,-absglute'and'relative spicgie-

1ength, shape of spicules, and the number and‘arrangement of

caudal ﬁépillae. In the related genus Acuaria, Williams (1929)

found that relative cordon 1ength and body organ ratios were constant
-but that body length and width were variable, AkhmedOVa (1954).

~reported that Amidostomum anseris infected both ducks and geese,

but smaller worms occurred in the ducks. Chitwood (1957) found
intréspgcific variations in parasitic nematodes and Anderson (1968)

:V}fqund that tall, 1lip and*gonéd morphology and nerve ring, excretory

pore and phasmld positlon were varlable in species of Acrobeloides,

depending on culture media,



© Echinuria species described from only a few specimens
éhould be reviewed in the light of possible variation in morphologlcal

_characteristics.' Echinuria parva Cram, 1928, E. querquedulae Johnston

and Mawson, 1942 E¢ cygni Morini Colombo and Martin, 1959-and

possibly E. borealis Mawson, 1956 are a few examples.

BIOLOGY

§§~Thezlhtermediaté Host

Host'list? Echinuria uncinata is a typical acuariid,

requiring both a .definitive and intermediate host to complete develop-

ment (Ivashkin, 1961). Hamann (1893),suspected'that Daphnia pulex
was fhe intermediate host fof‘E.'uhcinata. Romanova. (1938 19A7

- and 19@8), Kauker (1941), Srilkov (1963) and Radin (1959) showed
experimentally that D. pulex and D. ggggg serve as 1ntermediate
hosts. KoteTnikov (1961) experimentally 1nfeoted Gammarus SDey.
Céfiodaphnia SPes Asellus. aquaticus, and an unidentified cyprid with

vE. undlnata. Development of this parasite in copepods was not observed
: (Romanova, 1938). '

Seasonal abundance, QCcuf?encg‘and 1ntens;ty'g£-infectioné

'Thé péak abﬁndance of “E. uncinata in Déghnia is in summer and autumn,
Movsesian (1962b) found 15.6 % of Daphnia infected with juvenile
acuariids and tetramerids in a pond in August., In a riﬁer bay, only
2.1 % vere infected in June and only 0.6 % in August. Kotefhikqv

(1961) observed that 2.0 % of Daphnia were infected with E. uncinata
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'juveniles in a ﬁend Which-supported a flock of ducklings, all of which
were 1nfected with this'nematode. Marotel and Pierron (1947) found
a high percentage of Daphnia infected in a pond frequented by many
- ducks. - Usua11y~onlye6ne-1nfect1ve-E.vuncinata-juven11e7was found-
'per Daphnia even though three Juveniles were found in some (Kauker,
1941). S

It.isbnot known 1if E. uncinata can survive the winter in g
méfehvef»pond,‘ Garkavi (1960) believed it could not over-winter in‘
- ﬁends which_freeze;'beeause the intermediate hosts perish. However,
: Daphnia'ean survive'all-winter under ice (Pennak, 1953) and Klesov

‘and Kovalenko (1967) found that Tetrameres Sp. andlstreptoeara‘§g.

Juveniles could survive the Winter in Gammarus sp. Romanova (1948)
and Redin (1959) showed that'eggs and Juveniles of E;nuncinata cannot
-survive low temperatures or dess;oation, though the chemietrv of the
egg shells suggests reslstance to these environmental factors (Monne .
11958). |

| .Develepment'end pathozenicity: Daphnia‘become infected

. with E. uncinata by eating viable eggs which are pessed with the
‘definitive host's faeces (Hamann, 1893). Lublmov and ALf (193%)
diéégreedeeegueegtne7eggs appeared to be too large (after Radin, 1959),
7bu§'the experimental results of Romanova (1938)'and.others corroborated
_Hanann s views. |
Eggs of E. uncinata will hatch free of Daghnia in water,
Akhtar -(1936) observed this fifteen mlnutes after the eggs were

removed from female worms and Kauker (1941) saw the same after
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two days. v ‘ .
o Once ipside,thé Da’hﬂiﬁ, the‘parasites,pehetrate through
the intestinalﬂwall into the haemocoel, usually within 3 days. |
;(Radin;:1959);  Hére;,they'grdwwéhd'mbult tﬁice before becoming
infective. Romanova (1938) thought a month was needed for the |
'3uVenile'wormé'to-ébmplete development, but latér (1947 and 1948)
shgfféﬁnd‘that anyAlz days at 25 to 29%. or 14 days at 17 to 23°C.
wére ?edﬁiréda She fouﬁd.that the first moult occurred at 6 days
| and thefSécond at 12 to 14 days. Kotelnikov (1969) found completely
developéd'Juveniles in 11 days at 18 to 20°C, while Kauker (1941)
found 11 to 12 days were sﬁfficien%;'-ﬂadin (1959) believed 12 to
16\days were. reqﬁired, while Garkavl (l959) stated th&t 5.days at
26 to 30°C. or 6 days at 16 to 20 Co wers adequate,

The effects of this parasite on Daghnia are not well
undérétood but a high rate of morpality was recorded by Kauker (19ﬁ1).

In The Definltive Host

) Dis;fibution: E. uncinaﬁa~ﬁas-been»reporﬁed from nany
parts of the ﬁorld by many reSearch#rs - from thﬂ chiet Union
(Shabaev, 1961, Markov, 1941; Potekhina, 19633 Gerasimova, 196k
..Maksimova, _1964), Poland (Czaplin ki, 1962; Bezublk, 1956),

| Germany (Hamann, 1893,.Kauker, 19413 Hill, 1941), England (Buxton,.

‘Ford and Munro,j1952; Venn,'1954; GibSOn and Barnes, 1957; Avery,
.1966);*France‘(ﬁarotél and Pierroﬁ, 19&?), Denmark (Knudsen, 1966),
Africa (Cram, 1927), Afghanistqn (Akhcar, 1936), India (Maplestone,
1939, Ialitha and Alwar, 1960), United States (Cram, 1927;
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~ Cheatun, 1952), and Canéda_(Swales, 1934;AManihan and Stovell,
19555 Cormwell, 1963; Crichton, 1969; Connell,-unpﬁb;;shgd)._ E;.
uncinata may also be present in Argentina and Austraiia@‘ E. cygnl
uMériﬁi; Cgloﬁba.éhd Méftih;'1959,ufoﬁnd-in ArgehfinaAdées“hot o

differ from F».uncinata. E. gperquedUIaé thnston and Mawson,

1942 found in Australia, also appuars to be Ee- unuindta (Masrson,
1968)9 : _

: fi.ﬁécénﬁ sqrﬁeys.of.helminﬁh parasites of birds (including
waterfoﬁi) in Cehtrél America (Hatherill, 1968), Pakistan (Hassan,
' 1966) and Mongolia (Dahzah, 1964) dia not reveal this pafasite\

in these reglons. | | |

» | :_ Egggvliggz Eo unc*nata 1s a parasite of most species

of waterfoﬁl (see Table IID. Gower (1939), Lepage (1961),
AC?aplinski (1962) and others listed over forty hosts in Anseriformes
,and Colbo (1965) has found this parasite in a member of'Ralliformgs

(Pulica smericana).

. Seasonal abundance: E. ﬁncihata‘;s‘moét.prevalent in
latéisummarg “In aucks sampled 1anuésia; Shevtsov and Zabello
(1965) foun&_l%%finfected in AUgﬁst‘and Septembﬁr 3¢3% in February,
_aﬁd'none in ‘March through_Mayo Potemkina (1956) and-Kotelnikov
(1961)‘alsd noted a high occurrence in July. In England, Venn (195k)
_found_mqsf Echihuria late in the waterfowl breeding season. In
Germahy, Kaukér (19#1) observed’the heaviest losses of ducké from
echinﬁriasis in July, August and September, Corn%ell (1963) noticed
‘a peak mortality in Canadian wild ducks in August; Similar
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Recorded Waterfowl Hosts of E. uncinata
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Sclentific names taken from references cited.

Hosts* Reference
1. Aix galericulata Cornwell, 1963
2. A. sponsa Cornwell, 1963-
3. .Anas acuta acuta Bezubik, 1956
4, ‘A. americana ‘ Wickware, 1941
'g. A. bahauensis bahauensis Cornwell, 1923
« A. capensis Cornwell, 1963
7+ A. castanea Cornwell, 1963
8. A. carolinensis Bezubik, 1956
9. A. crecca crecca Bezubik, 1956
10. A, discors Buscher, 1966
1l. A. penelope. Bezubik, 1956
12, - A. platyrhynchos platyrhynchos Bezubik, 1956
13. A. platyrhynchos domesticus - Cornwell, 1963
14, A. querquedula Bezubik, 1952
15. A. rubripes Bezubik, 195
16. A. sibilatrix Cornwell, 1963
17. A. sprasa leucostigma Cornwell, 1963
- 18, A. sprasa sparsa Cornwell, 1963
19. A. strepera strepera Bezubik, 1956
20, A. undulata undulata Cornwell, 1963
21. Anser anser anser Bezubik, 1956
22, A. domesticus Bezubik, 1956
23. &, ¢Inereus Bezubik, 1956
2k, ZAythya affinis Cornwell, 1963
25.  A. americana Cornwell, 1963
26, A, Terina Bezubik, 1956
27. KA. Valisinera Cornwell and Cowan, 1963
28, Brantaz canadensis canadensis Cornwell, 1963
29. Cairina hartlaubl hRartlaubi Cornwell, 1963
- 30. Cygnus buccinator Cornwell, 1963
31, C. olor Cornwell, 1963
- 32. C. olor domesticus " Bezubik, 1956
33« Dendrocygna viduata - Cornwell, 1963
34, Tulica americana Colbo, 1965
35. Lophonetta specularoides s, Cornwell, 1963
36, TMeérgus albellus . Bezubik, 1956
37. Neochen jubatus Cornwell, 1963
38. Netta rufina Cornwell, 1963
39. Oxyura leucocephala Gerasimova, 1964
40, Philomachus pugnax Bezubik, 1956
k1., BSomateria mollissima m. Bezubik, 1956
L2, . §, spectabiiis - Cornwell, 1963
L3, Spatula clypeata Czaplinski, 1962
L, Tadorna ferruginea Cornwell, 1963
ks, T. tadorna Bezubik, 1956
*
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obseriations_were‘made by Buxton,.Ford and Munro (1952); Gibson
and,Barnms (1957) Marotel and Plerron (1947) and Hill (1941).

The fate of these parasites in winter is not cleare.
1Gafkavi'(1960) believed they wintered in ducks, to.be reestablished
in pondsbin'Spring with the return of infected birds., However,
Criohton (1969) found. few of these para viﬁéf 1n md11ardﬂ and |
pintails in Anril and May of 1968 though heavier infections

were noted in the previous autumn.

f Occurrence' In England, Buxton, Ford and Munro (1952)
.reported the deaths of 200 of 250 Aylesbury qucks were caused by
'echinuriasis. Thirty = nine ducks of 81% specles perished in
Langford, England (Venn, 1954 ), Thirty - seven of them were
juveniles, Marotel and Plerron (19@‘7) réported s mortality
'eiceéding L0% in Frénch ducks while in Germaﬁy losses ranged from
 34% (Grafner et al. 1967) to 1007 (Kauker, 1941; Hill, 19@1).
Kauker explained that such losses did not occur every year.

In large duck‘farms of the Soviet Union, local outbreaks
of é.éh,inuri.asis were often serious ("PO-teI#K'ina, 1956)., Sgu/l,.imov
(1966) stated that Echinuria is the most dangerous helminth of
 dﬁcks'1n the Tuva Region. Hovsesien (1962&)»6bser%ed éuch
-"outbreaks in domestic ducks and geese of Moldavia from July to
November. Egizbaeva (196#) noted that 56 to 100% of the ducks of
' tﬁe Tséiin.area were infected with average intensities of 250 to
400 E. ﬁncinata per bird.  Garkavi_(1958) found that over 300

© ducks of the Krasnovadsk Region perished from echinuriasis (after
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Radin; 1959), Kotelnikov (1961) eiaimed:fhat all the ducks on one
‘ponéfin Krasnoéar were 1nfected with E. uneinata; In a larger
'survey, Shevtsov and Zabelle (1965) recorded the occurrence of _
"E+ uncinata in demeStie’dﬁcks to beulocl%lin’birds up to 6.5 months
old, 7.2% in'birds 7 to 12 nmonths old'and'07 in birds dVer-lZ‘months.
f.Kovelenko and’ Kalchenko (1966) indicated that. over 12,000 ducks of
2 to 3 months age were infected with E, uncineue with an average
intensity of 600 worms per bird, Petrochenko and KoteInikov (1963)
found that chemical treatment prevented high mortality. Over
‘ 25,800 ducks in the Omsk region were treated (Selivanova, 11960),

~Wild birds -ean serve as reservoirs for parasites of

domestic bird° (Kotefnikov, 1962). Markov (1941) foundv40%sof

Somatilis spectabllis (King eider duck) from Bezyhiannay Bay in
fNortheastern U.S+SeR. parasitized by E. uncinata. In Manltoba,
Cornwell (1963) observed heavy infections with Q; uncinata‘ in
'ywild duckse He estimated that BQ% of 400 ducks perished in one
';summer; ‘Cornwell and Cowan (1963) found that 20% of the canvasback

(Aythya valisineria) ducklings from Manitoba and the lower Detroit

River were infected with gtluncinata.‘ Connell (unpublished)
,S£ated the%375%wof the wild mallards sempled in Saskatchewan were
infected. | , - _ _
| In Poland, Czaplinski (1962) found that many species of
'»birds were infected with E. uncinate, the highest ogcurrence was
3% in domestic mellards. Knudsen (1966) and Marotel and Pierron

(1947) believed that echinuriasis was rare in Denmark and France
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respective;y. A survey by Buscher (1965) in the United States
revealed that less then 1% of the wild ducks examined were 1nfected
With this nematodee ’

~Intensity: The intenslity of infection varles depending-
on age; sex,;Speciesvand/cr~sﬂness of the host, and on the exposuxe.
to 1nfective juvenile parasiteo. _

- Younger birds are more. hesvily infected than older

bif&ﬁe :Kauker (19&1) and Knudsen (1966) noted that 6 to 14
week old birds were movt frequent1y 1nfected, and in BRussla,
Shevtsov and Zabello (1965) and Potemkina (1956) reported similar
findings. It is not clear why the youngest birds are more
freéuently iﬁfected, but one‘reaSOn may be that they feed more
'heaviiy'oniinvertebrates andﬁbecbﬁe more exposed to the parasites
“than do. the adults (Buscher, 1965, and others). ~Colllas and Collias
'(1963) noticed that young ducklings selected invertebrates in their
dlet and generally consumed more than did adults. Bartonek (1968)
foand the sane 1n young redheads, canvasback and scaup ducks.
Moyle (1961) believed that younger birds have higher protein require-
ments end select animal foods to meet this requirement, Because
freshwater 1nvertebrates are vectors of E. unoinata, the younger
'bifds prdbably ingest mere~parasites‘than do adults,

Younéibirds may also be mOre‘susceptible to parasitic
invesion. This higher susceptiﬁility,may be influenced by the
o prodﬁctioh of ahtiﬁodies frem.the'bursa of Fabricius, a lymphatic

tissue sac'nea: the cloaca {(Olson, 1965). Glick, Chang and Jaap
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(1955) found that the ability to produce antibodies depended on
the size of the bursa of Fabricius, reaching a peak in chicks 4

to 10 weeks old. Chang, Rheins and Winter (1957) corroborated

- these findlngs.

The intensity of infection may also depend on the sex of

the- hoste. Schadn(;962) found_a higher 1ntensity and ex$ensity of

Notocutylus attenuatus 1nfections in male domestic geese, Todd and -

Hoilingswérth,(IQSZ)ffound a higher intensity of Ascerldia galll

Ain.malehéhigkéns eXpérimentally'infected. Dobson (1961) suggested
. fhat hormohés may govern.susoeptibility,‘ | | |
| HostFSpeéificity mnay aISO'influehce 1ntensity'of infection.,.
,Ryzhikov (1961 a & b):stated that E. undinata is 1imited to Anseriformes,
_'especially those in the mid-temperate regions. Ducks- of the genus
-Anas, especially the domestic and Wild mallards, anpear to be nmore
frequently infected with this parasite (Crichton, unpublished,
ACzaplinski, 1962).
. Stress can also 1nf1uence the intensity of infection with
helminths in waterfowl. Cornweli_(1966) stated; '
L w Parésitic disease tend to prevail in unstable
| situétions,.maréinal habitats, and uﬁder
Acompetitive conditions. Whaﬁever the cause,
stress 1mpqéed upon the host is likely to
influence the host - parasite association,
often resulting in an increase in the helminths.®

Reports on the intensity of E. uncinata infections vary.
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Cornwell (1963) obsenved»overuz;OOvaorms in one trumpeter swan

cygnet and usuvally 1 to 100 worms in ducks. Connell (unpublished)

found 1'to 650 E. uncinaﬁa'in-wild mallards exemined in Saskétchewan,

-mcstly 10 ~ 100 per host. Kovalenko and. Kalchenko (1966) found an.

average of 600 E. uncinata in Russian domestic ducks. As many &as

300-worms- were- found in a Aylesbury duck:in England by Buxton, Ford

- and Munro (1952)

: Development‘ The definitive host becomes infected by

ingesting third stage . E. uncinata Juveniles with the intermediate

host, €.8. Daphnia (Hamann, 1893). Romanova (1938, 1947 and 1948)

found‘eggs'oflﬁhe‘parasite in the duckling s faeces 52 days after
infection. Radin (1959) claimed that 48 to 52 days were sufficient,

while Kotelnikov (1961) observed parasite eggs in the faeces after

.only 40 days. After 30 days, the parasites were sexually mature,

but not ovipositing. Garkavi (1960) found gravid female E. uncinata
with unembryonated ova 34 days after infections - |

SRS Symntomatology; The symptoms assoclated with severe

echinuriasis diffen slightly in the ducks, geese and swans, and are
weii"Studied.' - |

In ducks, the most obvious manifestation of echinuriasis
is a retardation of growth and emaoiation. A prominent keel is often
seen (Cornwell,-1963). Potemkina (1956) found thatainfeOtedsbirdshwﬁ
weighed'only 200 - to 500 grams, while healthy birds of the same age
weighed 1,300 to 1,500 grems. MNarotel and Plerron (1947) and |
Potemkina (1956) thought that the malnutrition and emaciation resulted
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from the ooclusion'of the provgntrioulusyv1n%erferinngith digestion

Aénd'absorption of food., Jarrétt (1966) observed that secretions of

enzymes and HCL decreased in oazfle infected with Ostertagla sp.

Potemkina (1956) referred to work by Tsvetaev who observed disorders

in protein metabolism in birds infected with E. uncinata. Deposits

.of~amyloid~were-seen in various~organs3 e«gs the kidneys, and the liver

was grayish - pink, hardened and enlarged 2 to 3 times.
Other symptoms of echinuriasis in ducks are dullness and '

1etharng Buxton, ‘Ford and-Munro (1952) noted an 'inability to fly

. properly, absence of awareness, atrophy of visceral organs, and

faded, discoloured and poorly groomed plumage in infected birds.

' Gibson and Barnes (1957) and Knudsen (1066) observed vomiting. Other
-symptoms include fatigue, uncertain~movemen$sv diminished~&ppetite,
'«running‘of eye and nassal flut&s,3?moféﬁsed'uptake-of*flutﬁs”resulting
1in 1iquid faeces and dLfriculty in breathing associated with & gap-

ing bill (Kauker, 1941). Kauker also witnessed partial paralysis

in'some'birds'who balaﬁced the;r“hea&s on their bills or held then

back over their bodies.: Death.occurred in this position. Buxton,

’Ford andfMunrO'(1952) and'ﬁarotelwand”Pierron’(19@7)“observed mort-

' ality starting 3 weeks after infection and continuing up to 2 months.

Knudsen (1966), Gibson and Barnes (1957) and Kauker (1941)
pointed out that many symptoms of E. uncinata infections in ducks -
do not occur in geese, and that these hosts die suddenly after a
short period of increased appetite. | |

Moynihan and Stovell (1955) noticed oaohexia, emaciation
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and:ruffled feathers in swans'infected:with E. uncinata. 'Corﬁwelib_
(1963) found that the infected trumpeter swan cygnet was considgrably
sméllér than 1its clutch mates;A It died 7 weeks later with 1ts
_jproventriculus occluded by granulomas.-

Patholq '$. After 1ngestion by the duck, the worms burrow

intojthe:mucosanuéually at'thgﬂboundary of the proventriculus and-
glzzard (Boménova; 1938). Hefe,fhard nodules from 5 to 15 mm. in.
diémetei:forﬁ (R6manova, 1947). Garkavi (1958) found ﬁp to 60 nodules
in one duck (according to Radin, 1959)
N Radin (1959) stated that Skrjabin (1915) found nodules

ét the Junction of the gizzard and proventriculus, while Henry and
Sisov (1912) saw‘them"on1y in the proventricu1us. Redin (1959)
| statédvthat in heavy infectrénéathe gizzard also becomes affected.
‘Crem (1927) olaimed that E. uncinate settled in the glandular and.
muscular-stomach-and in ihe small'lntestine. She also réported an
infection of the alr sacs, though Kauker (1941) questioned this
finding.-

| In describing the nodules; Buxtbn, Ford and Munro (1952)
used the term “1esions"§‘mdornwell (1963) called thém "ulcerative
cYSts“;' Kauker (1941) and Marotel and Pierron (1947) used “cysﬁs“,;
and Shevtsov and Zabello (1965) called them‘"granulomas“. The terﬁ
lesion and ulcér refer only to open'éorés (Pennak, 1964) whereas the
term ﬁcyst“'simply implies a sac or capsule-containing a liQuid or
sem;solid~substance (Dorland, 1965){‘ According to Boyd (1961),

granulomas'are the result'of a chronic inflammation, characterized'»
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by the preponderance of histioeytic rather than hematocytic.infiltra;

' fion. Granulomas are highly specific reactions of the reticulo=-

endothelisl system almost Without exudate and vasodilatation. NechSis

and caseation may be observed in the center of the lesion and oollogen
may form at its periphery. The nodules produced by echinuriasis must
be- regarded as- granulomas.

Kauker (1941) stated that in early stages of severe

-echinuriasis the proventriculus has a swollen mucous membrane

oferlying'e_gray'or brown geiatinous‘mucosa. This layer contalns
isolated pefasites,_ Cavities of thecsnbserosa were crossed by many
fibers which divided them into niches‘fillediwith nematodes and
bloody fluid;u In older lesions containing mature parasites, the
granulometous reactions were well eXpressed.

.Shevtsov and Zabello (1965) described the granuloma formation
1hl§5 gggigggg infections. The juvenile worms entered‘the muscular

leyer of the stomach. In infected areas, infiltration by hystiocytes

'waS»noticeda ~Muscular*fibers'underwent cloudy swelling. Soon, the:

hystiocytes and the fibroblasts produced a dense connective t1ssue
capsule~Which~later~becamevhyelinizeq.' The capsule formation was
.completed when the parasites attained~sexual maturity. Necrosis of
the mucosa developed at this stage. | |
Caseous detrital yellow material often containing both
dead and 1iving parasites were often found in 1arger nodules. later,

this mass became green - gray and the pafasites were absent. Scars

. often occur in the proventriculus of adult ducks. Crichton (personai
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- communication) believed these to be old, degenerated nodules caused

by E. uncinata 1nfections.

Granulomas are often infiltrated by eosinophils and lym-

- phocytes (Knudsen, 1966). Potemkina (1956),-reported that the

1nfected,proventriculus also 1ncreased in slze.

The- histopathology in geese and swans is similar to that-
in ducks (Cornwell, 19633 Moynihan and Stovell, 1953). However,
thé‘nodﬁles in géese,are more_promineht and project well into the

lumen.of.the'proVeﬁtridulus (Kauker, 1941).

4 Chemotherapy: The 1mportaﬁ¢e'of echinuriasisiin the
U;S.S.R. is reflected by thefnumerous papefs dealing with chemical
treatment“of infected‘birds. Cbmpdunds_such as carbon tetrachloride,
phenétﬁiozine, pipérazine adlpéte and Lugol's solution have been
igiveﬁ;at'diffef@nt“eoncentrationé to ducks infected with E. uncinata
With_varying degrees of success (Garkavi, 19603 Kovalenko, Kélchenko'
and Mikhailenko, 19653 Kovalenko and Kalchenko, 19663 Petrochenko
énd'KoteInikoi, 1966; se11vanova, 1966 and Vorontsov, 1962), |



 METHODS

- COLLECTION OF PARASITIC MATERIAL-

Infective Juveniles

Infeotlve third stage E. uncinata juveniles were collected
.With the help of Baermann funnels (Baermann, 1917). Large numbers

of Daphnia pulex and‘D. magna~were collected from Site 1 (Table IV).

These were broken up in a Petri dish by applying pressure with an
linverted glass stopper. The resulting ”muloh“ was placed into
" Baermann funnels and allowed to_stand.for 1 to & hours. Small aliquots
of water Were.then drawn from the botton othhe funnel and examined
in a Petri dish-under 10X magnification. ”Individual nematodes were
picked out with an eye-lash brush counted and transferred to a small
: dish contalning water. All nematodes were used Within,several hours

‘ofacollection.

Adult Parasites

Adult or developing paras1tes were removed from the
nodules of infected birds. The nodules were gently slashed with
a razor until the worms were~visible; These were then removed

with forceps and transferred to a small dish containlng water.

Viable Parasite-Ova

Eggs.of g; uncinata were collected from the uteri of worms
placed in & small dish with water, held at the anterior end with

forceps and opened with a needle.
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TABLE IV

Primary sampling sites of

itivertebrate - parasite survey

Site, ‘ '_‘__ o ~ Deseription

1, F;eld StationVPohd - 76 acrefpond ~ &5 yards south of the
L L D. W. R. Sf library - sampled along
north shore at water depth of 6" to

18" - with many birds (Fig. 11).

2. Baiﬁ‘s Peﬁ and ‘ - Two small, man-made enclosures west of
- Swan Pond. ' :
T ' Site 1 - received water from Field Station

Pond - birdé<Su§pbrtéd in both §nélosurés,

3..'Delﬁé.Boad Slough - Slough, helf mile long - 10 feet wide -
' four feet deépu- running north/south
along: west edge of Delfa Road - sampled
100 yards south of turn off to D, Wi B. s."
':réquented by wild birds (Fig. 12).

Lo Blind'Channgl | N - 200 foot wide channel running south of
L  Lake Manitoba - half mile west of D. W.
R. S." - frequented by many wild ducks in
spring end autumn (Fig. 13).

% Delta Waterfowl Research Station.'
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In most 6ases, gravid females were stored up to 10 days

in small covereq,dishes oontéining;water at room temperature;
PROCESSING OF PARASITIC MATERIAL

"_Parésites~Werefkilled;in-boiling Q.S%gﬁ@étiﬁ acid before
be;ng“fixed énd'storsd 1h‘4% formaldehyde for at least 24 hours.
Wdrmé'wérevthén}tranéferred to a mixture.gf 90 parts ethanol (70%)
and 10 péits_glycerine.‘ The alcohol was allowed to evaporate
over a 5 to 6 day perlod. Worms were mounted in pure glycerine
on s1idés which were sealed with nail varnish (mod. Seinhorst).,

| Measuréments of the paraéites were taken'fromvcamﬁera
1uoidé'drawings'and'from imagéé projected by a Bausch and Lomb
AIproJectOr (Model Try - Simplex). Photbgraphs were taken with a
Pentax Spptﬁatic using Kodek Plﬁs_x 35 mm. film. Negatives were
'deveiOPédzin D - 76 and printsiméde on Kodak polycontrast paper
deﬁeloﬁéd in Dekto1._ |
. .'Drawihés were made from béth pefmanent and ﬁemporary
mountse The latter were maae:by placing specimens on a cavity
siide with & few7drop8'of fixative and c6Vering them with a large
coverslip. Temporary slides of living specimens-were made by-plécing
a few drops-of water with,the‘WOrms Qn'a slide. A coverslip,

ringed with giycerine Jelly, was then applied;
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~ COLLECTION OF INVERTEBRATES =

Sites for the qualitative sampling of 1nvertebratns
.-were chosen near the Delta Waterfowl Research Station (Tables IV
and V). Samples were taken with,a dip,net.near the shore<in areas'
frequented by waterfowl. | | |
| Tne 1nvertebrates, principal]y crustaceans, were examined
.undsr 10x magnification in the field laboratory and identified with
the aid(of keys in Pennek (1953) and Ward and Whipple (1966) and
the }check 1ist of Delta Marsh crustacesns'by Snith (1968).

To détermine‘the presencé of E. uncinata at each site, a
1arge sample of crustaceans Was nlaced in a Baermann funnele
- When parasites were found, a nore detailed, quantitative examination
was carried out on each=species of crustacean, The larger

‘individuals, (i.e. Gammarus, Lynceus, etc.) were dissected with

forceps in a Petri dish. Thevsmallerscrustaceans (i.e. Cladocera)
| were counted and ruptured under a microscope slide in a Petri
- dish.. The ratio of worms per host was recorded for each species of

invertebrate.
CULTURE OF CRUSTACEANS

Certain crustaceans from Delta were cultured in five and

‘ten galloh aquarias. "Pure" cultures proved difficult to-mainﬁaih,



Invertebrate survey sample sites

. TABLE 'V
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. Site

Prlmary'invertebrates'

Date sampled (1969)

_sxﬁev1:(iab1e,xvj*

Site 2 (Teble IV)* -

Site 3_(Table’IV)?
“Site 4 (Table IV)

Chadan Béy :
‘School By

_ Laﬁé'Mahitobé

Minnedosa Fotholes
A "
Dugouts in Back Marsh

Daphnia, Simocephalus,

% .

Moina, Cyclops,*DigﬁﬁamuS

Daphnia, Moina

Daphnia, Simocephalus,

Ceriodaphnia, LYyNceus

Diaptomus, Eurycercus

Daphnia, Gammarus,
Hvalella, Simocepnalus

. Lynceus -

JDaphnia, Gammarus,
~Hyalells. »

" Daphnia pulex and

Daphnia magna-

- Daphnia magna

Daphnia, Hyalells

Daphnia pulex and

Daphnia magna’

'AMayr-_November

May - July

May - August
March - July

June 10

June 10 and
August 20

July 17

 June 24

. May - June

* Sites where infective E. uncinata juveniles were found.
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. REARING OF BIRDS

All birds used ;ﬁ this study were reared at the Delta
Waterfowl Research Statioﬁ from artificially incubated eggs. Wila
-ducks:were hatehad frbmfeggs colledxed'by Mr. Louls Ducharme.
DeltawMallardswwererreaned fromﬁeggs,of:anfigﬁigd pbpulaticn~0f
birds ﬁaintainéd at thé'Field Sﬁatiéh. Domestic mallard eggs were
pﬁfqhaséd from tﬁe Sunnysidé Hutterite Colony.situated on fhe
AssinibpiﬁeARivef,.West~ofAWinnipeg; These birds héve wild mallard
plumage.but aré heavier and "dumpier" than wild mallards.
deesﬁic-géese.eggs wefe purchaﬁed;from enother Hutterite Coldny.
Ali theééabinds«ﬁeme\#hite. _All aggé of the @omestic birds were
washed in éfdisinféctant at 4600; prior to incubation at 99°C,

:Day'- old birds wereitrénsferfed“from the incubators to:
brobders'in a pen bullt especially for this study (Fige 2). This
enclosure (Fig; 14) was subpiied'with water frém a covéred well,
free of invertebrates. ~Birds were kept under brooder bulbs until
four weeks old.> The pen was cleaned dally and feed supplied twice
daily. Birds.under four weeksxreceiwed a mixture of an unmedicatedv
coﬁmérdial poultry grower (164 min. protein), soybean meal (LL%
mine. protein) and fish meal-(éo% min. protein). Older birds
were fed rolled oats and soybean meél_mixed with water, and whole

wheat added to dry poultry grower.
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INFECTION OF BIRDS

TWO methods were used to infect experimental birds with

Q.ﬂuncinata, In the first method birds were exposed to the infected

’Daﬁhnm&apulemﬁand’gg,gggggJat:site one where they were enclosed and
dlqued”to feéd~and~drinkﬂwatef. This Suppliéd,daté on natufally
acquifed'infécﬁionsev Unfortunateiy, 1nfe¢tion intensity depended
| oﬁ!tﬁe feeding and dfinking behavior?of each bird.

' The second method was designed to overcome the disadvantages
of the first. ~This time, ‘birds of known age were given a known
number of 1nfective third stage E. uncinata juveniles introduced
into tha oeqophagus with a small eye dropper. Sonme water was
administered to wash down the_worms. Birds were_banded for idéntifica-

4ion;
_AUTOPSY. OF BIRDS

An 1ncision was made along the breast, to the left of the
keel and the: body- cavity was:. opened with bone cutters to reveal the
gizzard,.proventriculus and liver. The gizzard and proventriculus
were cﬁt open, washed undei running Watef;'and their inner surface
examiﬁed under é 7x disSection microscope, Each nodule was opened

and its edntehts examined. Somé'organs were flxed and stored in
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FAA for subsequent examingtion; The following data were recorded
ofAviscera;.number, size and position of nodules; presence of blood,
mucus and necrotic tissues in the gut lumen; presence of detritus
and/or fluid in the nodules and number of parasites from each
‘nodule, See data sheet (Appendix i).

' ’ Scientific naﬁes‘were taken from P, Scott;s "A Coléured

Key to the Waterfowl of the World" (1957).

~
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OBSERVATIONS

1. INVERTEBRATE SURVEY

During the spring énd summer of 1968, invertébrates,
primépily crustaceans, were collected from various sites in the
Delta Marsh (Table 1IV). Third stage juveniles: of E. uncinata
were found from July to late October in,Daghnia-gg;gg and D.

- magna from site one only. On-July'Zl, six and nine infective
juvenilé}wormé were found for each 100 D. Qg;g§ and D, magna
reSpectively. One week later, 7.5 nematodeé vere found per 100
individuals for hoth Daphnia species,

. _Crﬁstaceans:;e§;ngampled from sites one through four

‘at 7 to 10 day intervals from April to October, 1969..v0theylsiteéf_
(Tahle V) were aléo examined occa s ionally fhroughquf;the summer.
The numbers of infective juvéniles-ofsgg uncinéta per 100 crustaceans
collected from«site one between April and Noveﬁber,.1969 are given

_in Figure III.
2. INVERTEBRATE INFECTION EXPERIMENTS

Varigus invertebrates from Delta were exposed to E.

. uncinata ova to determine if they would become infected and thus
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seéve as potehtial-intéréediaté hostsge Each host species waé
> malnta;ned in culture and examined for develop;ng parasxtes.

| . Seven specles of Cladecer&, two species of Amphlpoda,
onelspecies of Anostraca and one species of Conchostraca (Table VI).'
became 1nfeeted with fllst stage juven;les of E.’vacmnatﬁ within
3 houvs after exposure to the eggs, Juvenlle papdsxtes vere
'observed in. the hemocoel and in the gut tubes Only D. gg;gﬁ Leydig

1860 emend, Richard 1896, D. magna Straus, 1820, Simocephalus

vetulus Schfdler 1858, and Lynceus brachvurus O. F. Muller 1785,
culturés survived long énoughvto'ailow the parasites to develop to
third stage juveniles., The following is a detailed account on each

species examined,

_ C;adocer
' ‘ Dag la pu lex: frome all sxtes, readlly became infected

AWith;Q? uncxgata. Many Ech1NU$1& eggs were notlced in the 1ntest1nes
(Fig. 15) of indivaduals mxnutesvafter exposure,uand~as many as 30 B
firét'stage-juvenileé were found in some}after;ohe hou§-(Fig. 16).
Mosb*juVenile.parasites.ﬁere“0533”§ed”i““the?&orgal'hﬁmocoel ﬁear

vthe heért, but many wefe.found in"thevgiilrfilaments,'abdemen, antéhnae,
" head and ventral carapace as well,

| v:ﬁosﬁ second sﬁagg'jﬁvenilés were dorsal to the gut-and

anterior to the heart, They were coiled and inactive (Fig. 19),
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~Intermediate hosts of E. uncinata

- Invertebrate

Extent éf observed parasite development

. = - Cladocera =

Zeomnte miex

'Daphﬁiaqmégnaf',"

Ceriodaﬁhniajréticulata

Cefiddaphnia scanthina

Ceriodabhnia SDe

.Simocephalus vetulus

Moina_macroboﬁa

Eurycercus lamellatus
- Amphipoda =

Ganmarus lacustris

'Hyéiella azteda

- ‘Anostraca =

Chirocephalopsis bundyi
- Conchostraca -

' Lynceus brachyurus

- Ostracods = v
cypridae
- JIsopoda =

ASellus aquaticus

- to
""tO

- to

- to

| - to.

- to

- toi

-ftO

third

third
first
firsﬁ

third.
third

first

first

;third

stage5 fbund natqrally'infected

,stage,,féundnnatu@aily infected

stage juvenile in hembcoel_
stage Jﬁvenilé 1n'heﬁocoe1
sfageAjuvenile#

stage, found naturaliyyinfectéd
stage in hemocoel‘

stége'in'hemocoel

stage, found naturally infected

second stage Juvenile in hemocoel

. first

third
first

first

stage juvenilelin hemocoel
stage Juvenile

. #*
stage” juvenile

stage Juvenile*

% After KoteYnikov, 1961
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'_.the p&ras;te 5 eggse.

QO%gg_maorocoiavStraus 1820' from site sne in early
May, 1969, became lnfected with flrst stage Echlnurla two hours
'wafter-exposure to_the'eggs. As many as five Juvenlles were

observed: in s@meeindivﬁdua&sp

' ur-c@ﬁeuswlame 1&@& ---- -0 Fg»Mﬁlleﬂ,"1785:Vfromwsite-

four became ;nfected thh flrst stage juveniles two hours after
expos&re»‘ The juveniles were n@ticed'invthe-hemocoel of the head
and aﬁdbmén.' |

Alona sp.: from site four, never became infected with

--E. uncinata after several, prolonged exposures to the parasite's

o eggSo_

 Scapholeberis

sp.: from site four were never found nor
- observed with juveniles or eggs of E, uncinata after prolonged

exposure in the "infection chamber"”,

_ Amphipoda | o
Gammapys . lacustris Sars, 1865°'from Slte three becane

1nfected with flrst stage B.»unclnata with;n four hours after

- exposure to the parasite's eggs. Both Ech;nurla eggs and juveniles
vere in the mid-inteStine. Juveniles were also observed in the

“hemocoel.,
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.Hxalella azteca Saussure 1858: fraom Site_three repeatedly
’-Became'infected with.firét'stége~juveniles.of.fhisvnematode.

~ Juveniles vere fouhd in both the intestine and hemocoel Qithin two

" hours after exposure to Echinuria éggs. Affér six days, juveniles

were counted in the heéd, éppendages, tail, and intestine of some

individuals,

Conchosgtraca

‘Lynceus brachvurus: from -sites three and four becanme

infected with first stage E., uncinata juveniles two hours after

exposure, Juvenile worns were seen in the hemocoel of the head |
and néar‘the‘dorsal‘margin; FullyfdeveIOpéd thifdvstage juvenilés
were'Observed in the dorsal ﬁeﬁ&coel after'li.days.at room
~températﬁre (22°.). Some inéividuais'containéd=twa or three

. third stage juveniles.

Copepoda
4Diagt¢mﬁ$ SDet from a11 sites were never found with
-'first stage~§,'uncina§§ after repeated and prolonged_e#pnsures to .
. the parééité's ova,- An Echinuria egg was=seenu6née in the anterior
gut of an individﬁal. » |
Cyclops §g;: from sites one and two were never seen with
eithefig. uncinata ova or juveniles after repeated and prolonged

exposures to the eggs,
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igscellaneoug Acuatic gnVertebrateg
Mosqumto, chxronomld, hemipteran.and coleopteran larvae,

as well as water;mltes and ostracods were never found with 1ngested

eggs of E. uncinata after'equsuﬁe in the "infection. chamber",

3. GROWTH ‘AND DEVELOPMENT OF E, UNCINATA IN DAPHNIA PUIEX AND D. MAGNA

_ in order to ob*selr;e the gfowth and developuent of “E.
unéinata in its.inté?madiate hosﬁs, D. pulex and D, magna, these
'crustaceans were exposed to the parasite s ova, and maintained in
aquarla. Prior to culturing, 1nd1v1duals vere selected at random '
and examxned under 40x magnlf;qation to determine if they had
become .infected, | |

on dnginata eggs were readi1y engu1fed by the Daghnia
" and were often seen in the hostfs iﬁtestines (Fig. 15) after only
15 minutes in the ¥infection chamber", In thevintestine, some
eggs hét?hed, velgasing actiVe.juyenile nematodes, Other eggs
fweve'passeé beﬁefe-hatching in the Daphnia and some eggs'hatched
'out31de of the crustacean, though it is not known whether these
Aeggs had been prev;ously 1ngested. After hatchlng, the small
first stage juveniles actively thrashed about in the gut lumen,
and were often seen oriented at steéb angles to the gut wall,
In the ﬁosterior gut region, near the post abdominal process,

these worms were observed to penetrate the intestinal wall into
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~ the hemocoel, In Daphnia with many parasites the gut wall in
th;s region was dark brown, irregular and strongly éon“cracted,q
Once in the hemoéoel, the parasiﬁesﬁmavéd about with the bedy fluids,
luﬁtil’theyfbecame 1odgéd in'scme‘tissués,'mostly near the heart.,
Wbrmﬁ“weré'reésyﬁreqﬁently seen:infthe head, gptgnﬁgg, gill wegion
Cand: ;n the posterlor dbdemen.“ |
| To follow the subsequent growth of these para81tes;

sepaﬁéte cultures of D, pulex and D. magna were maintained at
room temperature (20 - 24°C.) during August of 1968 at the Delta
Waterdel_Research'Station. The worms were removed from the |
Daphnia after.knowh_periods of>de§elopment and examined.microscopo'
ically, The increase in body 1e§gt§ 9?e§ timé is given in |
Figure IV. It was difficult to detepmne whan the first mbult
occurred, probably prior to 100 hours, At seven days (170 hours)
' 0.8 ; 1,4 mm, long worms with.a:hyaline cap at thg head end
were obsgrvéd."This cép‘is believed to-be:the loogened cuticle,
Just prior to the»second meult.» Third stage juveniles were
}present after 10 days (240 heurs).--TheSé were 1i0‘-.1 9 mm,
A(averaglng 1.5 - 1,7 mm,) long, and possessed clearly defined,
che?r@n shaped primodial cordons at ‘the extrene anterior end'(Fig.'Zl).
Develépment apbeared similar in both Daphnia speéies.

| This experiment was repeated at the University of
‘Manitoba with a 1arge‘ﬁixed culture of infected D. Bglgg and

D. magna. The aquarium was kept at 15°C.; and all worms were
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- observed in situ. The few third étage juveniles appeared after
._%8 days ( 6]9 ﬁourS), but second stage juveniies #ere still found
:after.39 dayé (940 hours) (see Fig. 4);; |
After, two weeks at 15° C., ‘gome Daphnia were removed

_and recultured at 24°C. in order to: deteymine if the Fohmnuria
'juvenlles would repond to an 1ncreased temperanure -and-develop
. more rapldly. After only four days at 24 Co’ completelv
Adeveloped third stage juveniles 1.2 - 1.35 mm, long were founé

(see Fig. 4).
4. FREEZING AND DESICCATION OF E. UNCINATA OVA

~Weinve’sﬁigéﬁéd the ef?ects of fﬁéezing.and drying on

‘the v1ab111ty of E.Aunclnata ova to ascertaln if these eggs
 cou1d survive the winter in the marsh._ |

_ Eggs frozen fer 85 days were. dlstorted and ruptured,
7When eaten by aghnla, they failed to hatch, suggest;ng that
~they were not viable after treatment.,
| Eggs that had been‘dried &nd‘stored oﬁ filter paper
for 85 days (relatlve humldlty above 80%) vere normal -in
appearance, Many ‘'of these eggs hatched when eaten by Daghnla
-and released.active f;rst stage_juven;les. The hatchability

was about half,that:Of untreated eggs.
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5. GROWIH, DEVELOPMENT AND PATHOGENICITY OF E. UNCINATA IN
 THE DELTA MALLARD

To. studv the groch and development of E. uncinata in
.1ts definitive host, 20 one month old Delta Mallards were each -
'~1noculated with 50 third stage~E° unrbnata Juvenlles. Four birds
. were taken at Pandom eve?y ten days and autcpelede This procedure
yielded mater;al from birds that had been 1nfected 10 to 50 days.
The proventriculus and gizzard of one bmrd from each set was
kept foﬁ histoldgical examination except‘when no or a few worms

were recovered from the other three birds,

Grouth

. Male worag from 10 day old 1nfectlons averaged 2, 05
mm, in length and females 2,07 mm, (see Table VII) This
represents a 25% 1ncrease in length from the time of infection,
All wofmg’fecove:edhwere'fourth étage juveniles. ’

- Nematodes recovered from 20 day old infgctions a?eragéd

'3.56 mm, and 3.43 mm.’iongifor males_and«fe@alés respectively.
| fﬂiéAreérésénts.aA75%fincééa§% invxéﬂgth from 10 day old infections,
The parasiéeéffrom two of the birds were mostly adults while those
from the third bird were all fourth'stagé-juVeniles;.

. VWoras recovered from the .30.day old infections averéged

4,88 mm, and §.95 mm, longffof males and females respectively,
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This~representswa.35% inerease in male body length and a 75%
 increase in female body length, _4 |

Worms from 40 day infeetiens averaged 8.67 mn. ande
1Qe44.mm. iong~for'ma;es anq female respectiveiy.l This<represents
'a 75%vincrease in body lenéth for‘both males aed females,

Worms from 50:deyfoldiiﬁfeetiohs~aveﬁe§ed 0,40 mm, and
bll 37 mm. in length fo? melee and females reepectlvely.' This
represents an 8.5% and 9.0% increase in body length over 40 day
- 0ld woﬁms:for;males and females respectively,

‘ The most rapid increase in body length occurred between
10 and 40 days after infection. The widesﬁ vaniabiiify of body
lengths was,reeafded for 20 to:40,day'eld WOPmS,. &e the rate of
gf0wtﬁ diminished friom 40 to 50 day old infections) tﬁe"bedv'
length values fell into narrower limits (see‘Figures S'Vand 6);}.

" No. thlPd stage juveniles were observed arter 1nfect10n,
fourth stage juveniles were found in 10, 20 and 30 day old
1nfect10ns and adults were first seen in 20 day infections,
Adults were never under.3 00 mm, in length and fourth stage

-juveniles never over 3 00 mm,

Develogment and Morpholcgy
. A1l the E. unc;nata recovered from the 10 day infections
;were fourth stage juveniles which have stralght, non anastomoz;ng

cordons under 0 15 mm.’long (Fig. 22) and four rows of body spines,
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Males lacked adult sexual characterastlcs, alls were stra;ght j 
and lacked alae or papzllae, and splcules were absent, although )
a dense cell formataon in thls reglon suggested the spxcule |
anlageno Females 1aeked a vulva, but a- spheracal mass of cells,

possably the vag;nal anlage, appeared 1n thls reg;on.; A slender,

’cutzcle - lakezs :m“o csnnected th@ derclasipw vagxn ‘e,ev$3egtor

 w1th the eutxcle*of the anxmal (Fig. 25 and 26).
s ' 3 - Two mallards wlth 20 day infections had para31tes
A moultlng from fourth stage juvenlles to adults (Fig. 23). Tﬁel“A
' thzrd mallard had only fourth stage juvenlles which resemh]ed
worms from IO'day Infectlons. Moultlng of the worms in temporaé& “x
water mounts was observed. The cutlcle spllt longltudlnally from
the tlp of the tall, allowxng the paras;te to bacP on': 1tself,.w 
;as when somgone pulls hls hand out of a rubber glove.“ Thus, h f; .
the completely shed cutlcle is 1nside out.' Body sp;nes and c&rdons
are clearly vx»;ble on the 1n81de of the shed cutlcle._ i. _' 

| | The em§ggeg,adp1ts have long (generally over 6 25 ﬁm.),
yinding cordons that aﬁastomoze. Males showed mogt adult character-
‘istics; Tails were strongly cozled Ventrad and had well defzned,
 peéuneu1ate paplllae and caudal alae.w The small ﬁxght spleule
was completely formed but appeared mofe translucent than that of
older adults. Thé‘large left spicule was completely formed’_
distally, but not proximally. As a result, it was only slightly

longer than the short spicule, The'gonad was completely developed,
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o extending anteriad;fo aﬁout the-mid point;ef the body; The»vas
’deferenu was dlstended w;th deVeloplng sperm but: the semlnal
ve51cle was not apparent. ‘

| Females had well develeped vulva and a vaglna llned _
‘ﬁith cutacle:(?ag..27). The ov;jector, whlch swangs posterlad

" from the vaglna, was muscularlzed and tfejovapwes appeared rlpee o

Uteri were fllled wlth developlﬂﬂ e@bvyos.or unshelled egL e ~The
}eng and slende: oplsthodelphlc ovaries weve yeflexed about mid
body. | | o
All but one of the wWOrms recovefed from 30 day 1nfectlons
éere édults. Males were eexually mature and some eJaculated
seeématezda when held in a sm811‘41sh of water. The 1arge ]eft o
spicule was completelv formed .Utefi of %eméles were dlsteﬁﬂed
w;th shelled ova and extended down 75% of the body (Flg. 7)
Ova dld not contaln completely formed embryos. No femalesgweve
seen 1ay1ng eggs. | - | . -
N | In 40 day 1nfect10ns, males were as descr;bed above' N
(Fag. 29), but 1arger.‘ Females had completely embryonated ova in
.thelr uteri. (Flg. 27), whlch extended neaﬁly 90% of the body 1ength.
Seme worms laid than Svﬂlﬁgs ef one to two dozen eggs whzch -
seemed connected by a fine- secretlon passed with the ova (Flg;‘28).
Both male and female parasites from the 50 day old
»infectlons were 1arger than prevlously described, The gonadSn
xtended to 58% of the body length in males and 93% in females
(Fig. 24).
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Pathoggn;gatx
In the 10 day lnfectlons, small les1ons vere present

- on thenmucosal l;nlng of the glzzard, 1sthmus and proventrlculus
df-the host¢ ‘Small foci of inflammation on the mucosa of the
 isthimue were also v1s;ble (Fig. SA)° These foc; were c;rcular,
.7311ght1y razﬁed and llghtor th&n the snwr@auuxng macosa (Flg. 30)0.“.
Mucus:was sometlmesvev1dent in this region, |

- All parasltes were found between the yellowish mucosal
layer and the whiter, downy, submucosal layer, Most of the worms
were,rgcovered from the vicinity of the foci of inflammations,
though'several were located élééwﬁere under the mucosa'of the
proveﬂt:icuLUS and gizzard, AlT of the birds examined qith 10
‘ﬂéfiiﬁfectidns wefesparasitized.‘

In 20kdaylinfecti6ns, the inflammations on the isthmus
Weﬁe'méré‘pronounced than in 10 day ihfecﬁions (Fig.-31) | &hev
mucosal 1ayer was eroded abaut a central opening in each nodule
(Flgure 8 B) This opening sometlmes conta;ned a small, yellowlsh
faﬁlug“_of Caséous material, The submiicosa. was swollen about the
 o§éﬁiﬁg; pink, hardened énd fibroué. Tﬁe parésiteé wére.fouhd
:Aonly in the central cavxtles -of each granuloma. .Allvthree.biéds
with 20 day 1nfect10ns were paras;tlzed. B |
| _ | In 30 day 1nfect10ns, the granulo@as weré-promlnent and
projected well 1nto the- gut lumen.l Their Openings with eroded |

mucosa, were often plug ed wlth necrot1c tlSS“e (Flg. 8, D and 38).
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FIGURE 8

S\ ﬁiagrammatic'Cross~section*6f.Muoosa and sSubmucosa of Isthmus"

Showing Pathological Reactions to E. uncinata

— Mucosa —

___Parasites.

Mucosa
Opening
Fibrous
nodule
Parasites
Submucosa

Caseous

Caseous
ﬂplugﬂ

Mucosa
Nodule — N PR Necrotic
——-Submucosaf;—\\;j‘ ; bt A :.'“plug"

# Diagrams baSed'on'gross observationst 

A. Typlcal reaction observed 4in 10 day infections.

B. Typical reaction observed in 20 day infections.

¢.-F, Typical reactions observed in 30 to 50 day infections. (Figo 32)
E. and F. These granulomas rarely had living parasites. (Fig. 38)

F. Note - mucosa nearly healed over granuloma.



The ‘walls of the ca§1tleé of these granulomas were th;ck, flbvous,
_flrmer closer to the cavlty and softer farther away. Many of the‘
granulomas 1acked par351tes. lnstead, 1arge necrotlc 1rregular
1masses fllled the cav1t1es nwvmal]y occupled by the worms ‘

(Flge 8,B; 8 +F3. 33 and 34).

| In 40 day infect10n¢, granul;ﬁfé were larger and thléke‘
 than thage in 30 day 1nfectlons. All the”worms were located in
-the relatlvelv small cav;tles at the center of the noduleq.“
»Cloudy fluxd, presumably lymph, and necrotlc debris were comuon
1n the cav;tles both wlth and w;thout paraqlteq. Only two of
the four birds examined had parasltes. o ‘ |

| | Many smallep and less p?@mﬁ&eﬁ% gp@nuk@maq w@?e feund
-1n blPds with 50 day 1nfect10ns. Often the mucosal layew had
. completely healed OVer the granulomas ‘80 that no- openihg was
) ev;dent. The central cav;tles of many were completely filled
thh a necrotic mass. (Flg. 8 F). A few of the granqlomas had

'tlny central cav1t1es wathout any nec?ot1c material or. parasites.

Only one of the four b;rds exam;nad had parasztes.

6, GRGWTH, SURVIVAL AND”PATHOGE%ICITY’OF Eel UNCIHA%A IN BELTA
MALLARDS OF DIFFERENT AGES

Four groups of.five Delta Mallards were administered

third stage E. uncinata, 50 per bird, The first group was
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infected‘when~the;b$rds were one week old, the other thrée“groups;
whén'the birdstwere one,’two and three months old respectively.

All birds were autopsied 40 days after incculation,

Qz'gm\ and Sucyvival
| A1l birds infected at 6nc week had an average of 21
worms-per-biﬁd-wﬁéﬁ'aﬂtbpSiéd.  Male worms averaged 8,54 p—
‘long and females 10.57 mm, _(Table‘V.III). |

A tofal,of 79 worms were recovered fvomvthe mallards
iinfected at the age of one ﬁontﬁ. Males averaged 7,92 mm; long
and females 8.26 mm, One of the five birds had no par&sites at
thé.t;me;af autopsy. |

- ) Four of the five birds infected at two months were

parasitized after 40 days with a total of 34 worms. Male pafasites
“averaged 6.24 nm, 1dng and females 4.68 mm, |
| Three of the five birds-infected at-threé months had a
" total of 29rg..uncinata‘when autopsied. Males averaged 6.36_mm.

and females 6,90 mm, long.

Pathogenicity

Granulomas of birds infected at one week were generally
large, thick - ﬁalled and located on the isthmus, Many contained
 vnecrotic debris and worms, SOmétimes, when parasites were present,

‘a large green caseous mass was found in the cavity,



 TABLE VIII. .

'Body lengths of E. uncinata from Delta Mallards of different age

Hést%age when‘iﬁfeéﬁedf_ . . Male g,;gggggégguw‘m _ Feﬁélenﬁ,”gggégﬁﬁéﬁ“.. m;‘h,
-Efi'95%'C.'I.* : Range _ Hi.i-95%_Cq I,? ‘Range

One week  B.54.#0.24  7.65 - 9.75 10,57 £ 0.58  8.40 - 12.95

One month , 7".*-923_- 0,56  5.02 - 9.19 , 8.26 ;P."O'-;;Sé.‘. 5,02 - 10.55

Two months . 6.24 % 1.20 4,86 - 7.66 468 & 1,49 2,31 = 7.0

Three months 6,36 £0.76 4,35 - 7.78 - 6,90 £ 0.84  5.35 - 8.30

#* Mean body length + 95% confidence infer#al, in millimeters.

5
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Granulomag of birds 1nfected at one. month were. thlok -
walled and contalned uhxte or yellow caseous materlal 1n thelr
C&Vltleﬁo _‘ o “ .

G@anulemas of blrds 1nfected at two manths had th;ck:"
,walls, and were s@metlmes completely sol;d. Yellow or whltek
“necrotzc debras was geﬂerally found in thc,e granulomas that
had a'caV1ty. In one case, some worms were found:’ outsxde theh
' granulowa, in a mucus overlyang 1t.
| Granulomas from b;rds infected at three months weré
' also thick = walled and cantalned green or. vhite necrot;c debrls,
somet;mes with plnk coloratlon suggestxng the presence of blood.
-Small SCAars, pra%ahly remnants of old, degenerated granul@mas

were preseﬂt An seVeval b;rds.

7. GROWTH, SURVIVAL AND PATHOGERICITY OF'B UNCINATA IN DIFFERENT
WATERFOWL SPECIES f’ | |

| Two sparate eaperlﬁents Qere carrxed out, one in 1968
and one in 1969.,_Iq the former, 16 birds (8 specles, 1 subspecies)
‘were -given accesS'ﬁoftﬁélField Station Pond (site one))fan-aréa'
‘with abundant Daphnia iﬁfectgd.withbgo uncinata., Birds were
o Qxaminéd 42 and‘43 days after the start of the experiment, The

‘fresults'aré summarized in Table IX.
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Waterfowl With Naturally Acquired Infections of E. uncinata

‘Host

| Age

g {Inf@ﬁﬁibnw N0%= Parasite
'Sex;iﬁnge%ﬁaNodulesaj No, Weight

Anas strepera

A. platyrhynchos
A. platyrhynchos

" A. p. domesticus

.

+ p. domesticus

» "acute

>

b

o

-t

fé ! !
[
s

acuta

 Aythya smericansa

.A..valisineria

Oxyura jemaicersis

- b2 -

93
94
58

58

92

79

76

o

66

-Oxyura»Jamaiéensts

. Anser domesticus

87

66

female: -

‘male

male

male-
female

male

female

}'female

female
male'

male

female7

female

female

21 o
3

43
43

43
42

42

43
b3
42

b2
b2
b3

30+ 1,000+ 165
10 . 50 - 100 1,307
6 - 1,134

1% 100+ 2,227

= 1,778
L. - 791

2 .  '  - 709

- - 490
- - 518

- - 786

10 - 20 717

3
E - 438
R

] yas

16+ 10+ 4,791

gr.
gr.
gr.
gr.
gr.,

gr.

gre

&Tr.

gr.
gr.
gr.
gr..
gr.

gr.

% Days
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1n Natura&;x Acquzred Infeotlonq

- A gadwall, Anaq strggera, dled 21 davs aFter the start
of the experlment. Thls bird was qeriously emaclated and wexghed
only 165 grams compared to the normal welght of 500 to 550 grams
fea» a healthy gadwall of the same age (Onng, 1968), The pmvent-
'rzculus (: 45.0 x 30, 0 mm.) wag remarkably swollen and lnflammed.
Tall, bloedy p@ahs of proventrxculuu txssue progected thvouwn the
thlck (25 0 mm,) mucus jelly overlylng the entlre organ. 0ver:'
1 000 parasztes were found ‘both in the mucus and stomach tlssueso
Two wlld mall&rds, Anaq,platyrhgnchos Qlatgrhxg 1o¢,
had an average of 8 1arge granulomas from S 0 by 5.0 mm. to 11 0
by 15.0 ma, , near the 1sthmus only. Mucus often veddash in :;:_v
' 'colour, poss;bly evidence of bleedlng, accompanaed the granulomas.’
| Two domestlc mallards, Anav ‘D atxrhvnchoe domestlcus,
had ‘an average of 10 large granulomas ranging in size from 7. 0 by>m
’9 0 ma, to 11.0 by 15 0 mm., on the 1sthmus as a contlnuous band
of hyperplastlc eonnectzVe tissue thh 1nterconnected cav1tleq.
One bird had a granulema, 7 0 by 7 0 mm, , at the Junctxon of the -
>proventrlcu1us and oesophagus. The granulomas, often protrudlng'..
6 or' 7 mm.,%nto theﬁlumen ‘of the_SpONQCh, contained large, yellow
vneérotic-piugs.in‘theif central cavities and oﬁenings. |
| Two pintails, égﬁg.éggsg, had an AVefaée of 3 low profile
granulonas i-g‘nging from 1.5 by 1.5 mm, to 5.0 by 5.0 mm, in size.

Sevéralvhad.yellow, necrotic material in their nodule cavities,
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One of the two ruddy ducks, Oxvura jamaicensis, had

a small soft nodule 1.0 by 1,0 mm, on the isthmus. The other

- had twe granulomas, One was large (14.0 by 14.0 mm.) and appeared

' _muscularized, with abundant caseous material around the parasites

in the central cavity.
A canvasback, ugmmxg val&g&ner;a, had three g ranulomaé,‘
7..0. by 8.0 mm, to 10,0 by 10,0 mm, located on the isthmus. - All
the worms (10 - 20) found in this bird were under 3.0 mm,. long.
-Radheéds,;Azthga anericana, and shovellers, Anag
" clyvpeata, had neither parasitesnor granﬁlomas. A feW'sméll scars
_were ﬁresent on thé'isﬁhmuses of thefshévelléfs;

The domestic goose, Anser domesgticus, had sixteen large

(up to 8.0 by 10,0 mm,) granulomas., Eight were located at the
junction of the ocesophagus and pro?entriculds, four weére in the
:glandular portion of the proventriculus and four along the
isthmus which also had other, smaller lesions, The larger gfan~
ulomas were haemorrhagic.

In 1969,»ano£her experimeht was carriedvoﬁtwwith 57
_Birds‘(eleVen species. and one subspecies).‘ Each bird was’

e

adiinistersd 50 third stage Juvenlles of E, uncinata ‘when the

birds were 15 to 19 days old, Thejbirds were’égéopsied 40 days

after infection,
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Growth and Survival

. Delta Mallards had a total of 22 worms with only one -
bird of five parasitized at the time of autopsy. Male worms
avefaged}6.49 mm, and females 7.61 man, long (Table X);

Domestic mallarde had an average of 26 parasites per
5b1rd and all six blrds were 1nfected when autop51ed. The worms
averaged 8.21 mm, and 10,13 mm, in length for males and females
respectively.

| All gadwalls were parasitized with an.average of 23 worms
when autopsied, Male worms aVevéged 7.56 mm;fhnd females 7.96 mm,
in length,

‘ Four of five plntalls were parasxtlzed when autopsied,
 The total of 73 worms had mean body" length of 6, 27 mm, and 6 43 mm,
for males and females respectlvely.

Only three of five blue - winged teal, Anasg discors,
}survived forﬁy days after infecfion, and were not parasitized
~when autopsied. The other two teal, killed by other birds 23
‘and 24 days after infection, had one worm each,

| Four parésites were found in»a shoveller duckling which
was killed 11 days after infection by other birds. Four other
shovellers which survived the 40 day experimental period, were
not parasitized Qhen\autopsied. | A
| None of five redhead ducklings harbored parasités

when autopsied.




TABLE X.

Different Waterfowl Speciles Artificially

Infected With E. uncinata

63

X Body length X Body length .

#% Body lenéth taken from a single worm,

in mm,

» . Ave, Ave,
-Host No. No. Male worms;  PFemale worygs
Worms Nodules *+ 95% C.I. - % 95% C.I,
~ Anas plétyrhynchos L.s '3 6,49 +-1.79:  7.61 + 4,25
g;_g._démestipus 26 3,5 8.21 % 0,62 10.13 * 0.90
A. strepers 23 3.2 7.56 % 0.73  7.96 % 0.37
A. scuta 13.5 3.6 . 6.27 + 0.84  6.43 + 1.75
A, diseor - - - -
é. clygeatgA — - ;- - -
Aythya anefiéana - 1.0 - .
A. affinis .‘ 2.6 6.70 + 0.91  6.33 * 0.61
oxyu?é Jemalcensis 0.5 0.5 L 9.34 ==
tAnsgi domesticusf 3.5 »2.3 6.46 i.1.22 6.26 + 0,60
Fulica ameﬁicéna; - - - -
% Body length i 95%lc§nf1dende interval
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'Lessér'scaup ducklings, Azthgabaffinig,khad a toial of
201panasités.‘ Only one of five birds was parasitized, Male
worms averaged 6,70 mm, and females 6.33 mm, in 1eﬁgth.

Ali five common eider ducklings, Somateria mollissgmau _7

&ﬁeg;eri,.died*beforeiﬁhe scheduled autopsy date, Inspection of

thé‘aip sacs revealedihédg}es_similar'to thdsé‘of'aspergillosisv
'.All‘biﬁdezhad,parééites"when,théy.dieda-gThe longest sprviving“
bird”(gg days after-incculation)*had'twent&»paiasites which
aVeraged'8,40’and 10,85 mm, in length for males and females
reséectively. |

Two of four ruddy duéklings were fafaSitized with one
worm each. One worm,'a female, was 9.34 mm, long.

Wﬁen'autopéied; two of four domestic geese had a total

of 14 E. uncinata which averaged 6;46 mm, and 6,26 mm, long for

males and females respectively,
None of four coots, Fulica americana, had parasites

40 days after infegtion.'.

| Pathogenicity in Aptificially _Infected Birds

- In Deltd Mdllards, an averdge of three granulomas per
bird waé found. - All grahﬁlomas”were 1ocated-§ﬁ the isthmus., In 
one bird, two n6dﬁ1eé withwsma11 worms (about 4 mm, 1ong).coﬁtained
}yellow hec:otic‘material. A third nodule with large worms (9,00 -

11,00 mm, long) lacked necrotic material., Some of the birds
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.wiﬁhout pérasites had low profile,'soft gfanulomas. In others,
harder‘agd more prominent nodules with "gl&ceriné = jelly" like
p}ugsbwere seen, |

lnomesticwmallards héd an average of 3.5 granulomas
per bird, A1l granulomas were 1oeated near the isthmus, and
- most contéaned white,'caseous material in the central cavxtaeq
whlch often adhered to the paras;teso Some granulomas contained
green or brown "glycerine - jelly" like plugs;- A few contained a
clear fluid with parasites. |
| Gadwalls had an aVerage of 3.2 granulomas near the
”1sthmus mogtly without necrotic mater;al,

Pintails had an average of 3 6 granul@mas at the
i sthaus which usu&lly conta;ned yellew, caseous_materlalc A
*"few had a white, cloudy fluid, and in one the lining of the ‘cavity
. was reddish.' Most nodules had ﬁhick fibrous walls énd relativély
small cavities. |

No gﬁanulomas were present in the blue - wingéd teal
.ﬁhigh éuﬁvived 40 days after infection. Only smail (1.0 mm,
Byll.b mm,) scars. were noticed‘oh the isthmus, A different
situation existed in the two teal which were killed at 23 and
24 days followiﬁgAinoculation. One birdwhéd's nodules, two
filled with large Yelloﬁ "plugs", and the third wiﬁh a hard,

green, necrotic "plugﬁ. The other teal had a large, white



66

]caseoug'plug in‘its»single noduie'(Fig. 38).

| Two small ﬁodules were present in the shoveller which
: died 11 days after inocuiation, but only small scars wére present
6n the iéthmusestqf the other shovellers,

The lesser scaups had an average of 2,6 granuiomas,
v,ﬁg@@;ly‘contaiﬁing¢ﬁesr@$i¢_materiglg either,fhe yellqwgléasgons
typesdr'the-green, nglycerine - 3éll§“~ﬁype.> A.féﬁ of the nédules
were solid connective tissue without a central cavity. |

Eider ducklings'had graﬁulomas confined to the isthmuses,
The nodules lacked openings.in.the 33 da& inféction, though
W6rms:w8re p?eseﬁt; ‘White and,yeilow caseoﬁs material was
vprésent in these»noduies. |

fwo of the four ruddy ducklings had thick - walled
granulomas, - The other two birds had only inconspicuous scars
located on the‘isthmuses.' o
‘A total of nine granulemas were found in four domestic
geese. 'Seven nodules were located at the junction of the
oe§qpﬁ§ggs and proventriculus (F;g.336)3 the otherntwo'wevefon
’the5isthmu53~ Allrgranulomasucontained-large,;irregular.pluQSu
of;yelléW~caéeeu§amaterialv(Fig;-33 and 34). |

No granulomas were present in any of the coots.

" However, a band of necrotic mucosa was seen at the junction of

the proventriculus and gizzard (Fig. 37). I was unable to



67

" determine whether or not this band was the result of echinuriasis,

8. GROWTH, SURVIVAL AND PATHOGENICITY OF E. UNCINATA IN DELTA
MALLARDS WITH DIFFERENT INTENSITIES OF INFECTION

' Eight Delta Mallards, about one meath old; were arranged
in four pairsj one pair received: 100, another 250, another 500
and the other 750 third stage_goknnginﬁtap All birds were

autopsied 40 days later.

Growth and Survival

Of the two birds which received 100 parasites each,
one had 13 and the dther none at the ﬁfﬂ@“d?’éﬂfﬁﬁ@?; The mdle
wormsjaferaged §.,61 mm, and females 5.54 mm.inylength (Table X1).

’ The two birds which received 250.parésites each had
40 and 66 worms when autopsied. ﬁales averaged 7.24 mm, and
fémal&s-7o76 ma, long, | | |

The two mallards which-had received 500 parasites each

‘had- 107 and 218 worms averaging 8.68 mm, and 9, 56 mm, in ]ength.

Often, warms fram,ene gvanuloma ware not;ceably larger ﬁhan
those from an adjacent nodule,

. One of the two birds which had received 750 parasites

- each had 179 wormsbaveraging 0452 mﬁ. and 11,22 mm, long for

;galgggggg_females respectively. The other bird had none.
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TABLE XI-

., E. uncinata infections of different

- Aintensities in Delta Mallards

Sex- Weight Inféct- No; Re-. Noduie X dey length +-95% Ce I.*
(grams) ion No. covered. No.

. Male worms Female wornms

 Female 1,088 100 13 = 6

R 5061 % 0,63 5.54 + 1.16
Male 1,160 100 - 3 : .
Male 1,025 250 40 10

| | - 7.24 + 1,58 7,76 + 2.95
Male 1,025 250 66 .10 |
Female 1,085 500 218 | 26 , :
Male 1,169 - 500 107 ’ 15 ' :
‘Pemale 1,03% 750 - 9 » R

 Female 1,069 750 179 16 -

*‘Confidence interval in mm.
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Pathéqenigitx
o | All-gﬂénulohas formed duﬁing this experiment were
'1ocated on the isthmuses,pf these birds, |

The two birds which received 100 parasites had three
and'six'granulomas ﬁsuaily containihg.caseous matééial‘which
'figiedvtheﬁcentral cayiﬁieswandwp;ggged'the obenimgso

| The two birds»which»ﬂécéiVedizso parésitéézhad ten:
‘granulomas each.v Sonme of the nodules contained yellow caseous
material while others were filled with a clear or cloudy fluid,

The two birds whiéh‘received 500 ﬁarasites had sixteen
and tWenty - six’grénuldmas. These were croﬁded in a band along
 the isthmus, The fibfou@ walls of adjacént nodules were continu-
A ous, forming a‘ridge of cqnnect‘iw}e tigsue with‘a series of cavities
filled with 'parasif;es and caseous material,

One-of_the t&o birds which received 756 pérasites had -
seggn»gfanulo@as, the other sixteen., The former had no parasites,
Its granulomas'were»ﬁeavilyMwaiied;with barely diééerniﬁle
cavities, three of which‘contained.hité of greenish, necrotic
debris. The other bird had numerous parasites in the cavities
aldﬁg~the?ridge»o$ fibr&uﬁ?tissﬁgw }Seven of thése,éavities\also.

contained scme caseous material,
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‘9. OBSERVATIONS ON THE LONGEVITY OF E, UNCINATA IN MALLARD DUCKS
. Twelve, juvenile Delta Mallards were captured in late

summer (1968) on the Field Station Pond at the Delta Waterfowl

Research Station. They were reared here and were thus exposed

-fo.gwﬁugg;pagﬁ-which was present in the pond (Site one).

During the winter and spring, a few blrds were sacrificed at
intervals to determane 1f the parasites persisted. Two wild |
mnallards from the breeding stock maintained at the Field Station

" were also examined in early summer of 1969 (See Table XII).

'Gggggg and Survival
In one female Delta Mallard with an estlmated e;ght
month infection, sixteen reddlsh E. uncinata were found. The
red colour instead of the usual cream, may have been due to
bleeding into the nodule cavity, The fémalé parasites were
about 8 mm, leng,
. In a wild mallard with an estimated ten month infection,
eighty - two reddish worms were found, Fenales wer'e between 18
and 20 sim, Tong, In ancther wild mallard with an estimated
eleven month infectioh, forty - Qiﬁe cream coléured worms were
found, Males were 10 to 12 mm, long and.females 13 to 17 mm,
“This birdvprobably died of the E,. ﬁnéinata infection,

.One female Delta Mallard with an estimated twelve’



 TABLE XII

Observations on 014, Naturaliy Acquired E. uncinata

infections in Mallard Ducks

 Estimated No. Parasite

Sex wéight Age* - Nodules- Now ‘ Remarks -
-grams Infection Found _ '
Femalé 986 6 weeks . 7 350 + Bird in emaciated condition
Feméle A 4 months - - ~ Small scar present on isthnmus
 Male 935 7 months 2 - Green necrotic material in nodules
Female 1,020 8 months 3 16 Worms reddish, caseous material in
: ' ‘nodules with worms.
Male 1,053 8 monthd 3 - All nodules closed, necrotic debris
: ' - present in nodules.
“Male 1,032 9 months 2 - Nodules closed, other scars present
 ‘Femsle 852 9 months - _ - One small scar on 1sthmus
Mele 1,098 93 months - - ‘Pour small scars on isthmus
Female 878 = 9% months .2 - :Céseous naterial in one nodule
~Female 1,203 10 months 1 - Caseous material in nodule.
Male 1,101 11 months 1 - Caseous material present
Female 1,248 . 12 months 6 398  Nodules thin-walled, filled with
; o ~ fluld. Bird with deformed lliver.
Male** 1,155 10 months 2 82 Nodules thin-walled, filled with.
: , : ' bloody fluid. Many parasites dead.
Male## 830 11 months 4 L9 Nodules filled with caseous material.

Bird believed died of echinuriasis.

~®* Estimated age of infection equals age of bird. Based on date of _
first exposure to Pield Station Pond - only applies to Delta Mallards.

*# These two birds were wild mallards, both adults.
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‘month infection, had 398 parasites. The large; about 20 mm,

long, female E. uncinata had reddish anterior ends,

| Th@5ﬁblta*Maiiard with the éight‘month i@féetion had

three small grénulomas&?and’one contéined;QSGft,’yellow,dnecrﬁtic
“creamﬁ.'with parasite eggs, sbicﬁleé.aﬁd pieces of deéd worng,

The wilé mallard Qith the_ten month infectiom had two
large.granulomés and,58vefal smaller ones located on the isthmus,
The largest (25 x 20 x 20 mm,) haq-a spherical sh&pe raintained
by fu?gor pressure of the bloody fluid inside its thin, fléshy
walls, Fifty - two dead E. uncinata with whité, necrotic debris

adhéring to their ciuticles were four

é; The %orms’@éfe“éﬁly
.slightly decoaposed which‘suggested.recénﬁ death, The second
granuloma, 12 x .15 mm,, also had thin walls and_coﬁtained-grayish
,fluéé-aﬁd“tﬁirfy living parasites. | |
The-ﬁild.mallard with the-e1g§en month infectién‘had
- four granulomas averaging 9.5 by 7.0 mm, on the isthmus.- These
'blockéd the opening between the proventriculus and gizzérd,.
_broﬁably cauging the severé emaciation and death Of”this bird,
Thefe.wés no biqod in thease granuiomas, but bleeding Q&s evident
in the overlying mucosa; Each nodule contaiﬁed ﬁorms and yellow

caseous material,
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The Delta Mallard with the estimated twelve month
infection had six granulomas avéraging 10 by 12 mm, Their
éavitieé contained fluid and paraSites;(Fig.,35). No-nécrotic
material or blood was seen, The body cavity of the bird
Qontainéd a clear fluid and the 1iver appeared cirrhotic. The
left lobe was ﬁ-hick ‘and white ::a'nf.,d t‘h*éf.v"r‘ight l&be-z.::'x‘evcll‘: with a.
~yeliow m0ttied pattern, Thelbitdvappéé?ed»hﬁalthy:at:the time
of-éutépsyé | -

‘The other Delta Mallards-with estimated seven to eleven
and a half month infections, had no E. unginata when autopsied,
but all biéds showedrevidence of‘breviaus infections. Some
Ahad‘weli developed granulomas cop&ﬁiniﬁg hﬁfﬂ, grgéﬂ or broun
necrotic masses. Othefs were fiiledeifﬁf?alidw casé0us material.
| Theumucbsal layer had healed over the openings of many of the
| ﬁarasiﬁe - frée nodulés. Some birds had small scars on the

isthmuses-sgggestingAprevious infections with Echinurda,
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DISCUSSION

_The results of my investigations wére statiétically

analysed and compared to ofher published data. Proper statistical
~evaluation was hindered by the féct.that in some cases felativély
rewdexperimenﬁal animals were used due to 11mitétions in time, cost
and facilities. Another disadvantage to thé statistical approach
stemmed from the Hiéh'morphological and presumably, ﬁhysiological
variability of the Delta Mallard. These ducks originated from the

. McGraw Maliard, developed from a domestic duck X wild mallard cross,
Delta Mallards have therefore inherited considerable gene diversity,
The lack of seledtion preséure on these captive birds ma& have allowed -
a!higher frequency of unusual phénotypes to appear‘invthe flock. These

- two faects might account for wide~variation inmour data.
1. OCCURRENCE OF E. UNCINATA IN THE INVERTEBRATES OF THE DELTA MARSH

The presence of E. uncinata in waterfowl at Delta was
first described by Cornwell in 1963. 4An estimated 30%’of the ducks
on the Field,station Pond (Site 1) and a valuable trumpeter swan
cygnet died of Echinuria 1nfections. Criéhton-(1969)‘found E. uncinata
in wilad mallards and pintail which dwell elsewhere in. the marsh.
_ Infective-Juveniles of E. uncinata were found in the Fleld

Statioanondvih 1968 and 1969. In mid July, 1968, Juveniles were

first found in Daphnid pulex and. D, magna. .waever,'it is probable



75

thst7theAworms were pressnt in the pond as early as late May.
Samples taken in late OCtobef still contained parasites,

| In 1969,-moré extensive sampiing and more csreful examinations
'revealed the presence of the parasites earlier then 1n 1968, Ice on
‘ the ponq melted by mid April, and by 1ate April the first Daphnia
appeared. In late May, the first parasitesAwere found in the crust-_
aoeéns,. Thisvis,interesting for two reasons} first, thesappearance
of parasites in late May; 1969 supports the contention that thinuria
Juveniles were also present 1n late May, 1968; second, the appearance
of parasités one month after the first ocourrence of Daghnia suggests
that Daphnia must have become infected immediately after hatching from
ephippis. The.average water temperature between late April and late
May Qas about 15°C., a temperaturé at,which the parésites require
- 30 days to mature 1n.DéEhn1a (Fig, 4). “

Figure 3 gives the numbers of third,staée E. uncinata

Juveniies_per 100 oladocefans.from'the Eield'station Pond from May
to freéze = UPe This.histogram showssthe changes'invoumbers of parasites
. in the intermediaté'hosts.rrom,Méy“totNOvember, but does not give an
indication of the total numbers of juvesiles& as no estimates of the
size of the cladoceran populations were made,

In Daphnia pulex, the numbers of juvenile parasites

increased sharply from the end of May to early July, when the ratio.
started declining. At the end of July, oﬁly one or two worms per
100 D. Eulex were found. In the following months, this host became

S0 uncommon that further examination for parasites was not warranted.
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From mid August to early September, Simocephalus vetulus were

frequently present in our samples. ‘Five to six parasites per 100
S. vetulus were found during this period.

Daphnia magna, the largest and most numerous cladoceran,

had the most parasites. The numbers of E. uncinata Juveniles per
100- D. magna increased from late May to early July when it started
deelining,aas it did in D. Egﬁgz, The reason for this decline is
unknown, but & possible explanation is that a Daphnia. bloom might
have occurred, as.recorded for . Dsphniatin thisfpond'byfcellias end
Collias in.1954. A bloom would account for a higher proportion of'
uninfected Daphnia and result in a lower parasite - host ratio.

The numbers of third stage Jjuveniles increased rapldly in
mid July.and reached a.peak of 108 parasiteés per 100 D. magna in |
early August. This period of rapid.increasepecourred approximately
50 days after the first'infective juveniles were found in the pond.
| Ducklihgs present at that time might have become'infeeted. Their
gghgngr;evwouldpthen haveqreleese& ove into the pond in early July
- thus eausing a rapid 1ncrease in the parasite - host ratio in mid July.
After»;eveling»off.in August; the number of parasites declined to 14
per 100 D. magna in November.

The ratio of juvenile parasites per Daphnia was much higher
in 1969 than in 1968. This apparent difference may be due to the
fact that two of the three samples eollected in 1968 were taken at
_ & time when the ratio may have been’partieularily low, as it was during

Py st )

" the samevperiod in 1969, Also, .21l Daphnia, regardless of size,
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’~wére'éxamined'in 1968, while'only‘the‘iérgest were examined in 1969.
The smaller Daphnia have predominantly first énd second_stage juveniles .
which.are not‘readily detected by the ®squash technique®. ConSeqﬁently,
' many}ﬁarasitesfmay have béen overlooked in 1968 sémples. When only
the largest Daphnia with predominantly third stage juveniles were
examined in 1969, fewer parésites were'miésed.
» b‘ In 1968,_§.,uncinaté Juveniles were recovered only from -
| Daghnia from the Fleld Stétion Pond, In 1969, more extensive exam-
inations revealed that these parasites were more widely spread. On
-March 22, 1969, a single, third stage juvenile waé found in a Gammarus
lacustris from the Blind Channel (Site 4). This démonstrated that
an amphipod couid_fector g. uncinata juveniles and probably support
them thrgugh the winter, Sﬁbsequeht samples of,Gamﬁéﬁaé*from this
" site weré negative, In early June, third stage juvéniles Wéfe found

in Daphnia from Bain's pen and the Swan Pond (Site 2). Both pens
,receivéd unfiltered water from the‘Field Station Pond. Parasites
were also found in Dééhhia from “dug - outs®™ excavated north of the

new hatchery'facilittes eérlier.ih the sﬁring. These “dug -~ outs*
received thefeffiuent*of a large, wild_mallard breeding pen which held
over 100 gdult birds. One of these birds;was later“found”infeoted

with E- uncinata,r | |

The epizootic of E. Uncinata at Delta is similar to those

reported from Eﬁrasia._ At Delta, this. parasite occurred in stagnant
pools used'by waterfowl. ‘The nemafode was mést abundant in mid |

summer and was limited:to specific areas. Shevtsov and Zabello (1965);
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.Pe%emkina (L956)§ and etheis reported thet echinuriasis was most
serious in small, stagnant ponds'intensiveiy used by ducklings.
‘Movsesian (1962)4found the highest extensity of'acuariid'Juveniles
- ¥n Daphnia in mid eummer. KoteYnikov (1961) réported that-all duck-
1lings which used a pond with Daphnia 2% of which were infected with
Juveniles, were parasitized by E. uncinata. Venn (1954) noted that =
the.incidenqe of eohinuriasis_was high in birds usihg etagnant.pools
but low when birds used flowing-water; Potemkina{(1956) stated that
.g.Auncinata outbreaks occurred in limlted areas or foei.

| The focus of this nematode at Delta appears to be the
'Field Station Pond, an area intensively used by resident and migrant
waterfowl. Nest boxes and feeders make this area attractive to many
birds which produce many ducklings in the spring and summer. In
.autumn, migrant birds stop herevand take refuge during the hunting
sesson. Consequently, this pond is probably the main source of

.echinuriasis in the Delta Marsh.

2. E. UNCINATA INFECTIONS:IN CRUSTACEANS OTHER THAN DAPENIA PULEX
. AND D. MAGNA.

Daphnia pulex and D. magna were the only known intermediate
hosts of E. uncinata until Koteihikovz(1961) investigated other

potential crustacean hosts. Experimentally, he was able to infect

‘Gammarus Sp., Asellus aquaticus (Isopoda), Ceriodaphnla sp. and a

cyprid (Ostracoda) with E. uncinata by exposing these crustaceans
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to the parasite's eggs. His findings prompted our investigation,
We found that five species of Cladocera (besides Daphnia),
.two Amphipoda, one Conchostraca, and'one Anostraca becamé infected

after éxposure to E. uncinata eggs (Table VI). Two cladocerans,

Alona sp. and‘Scapholeberis spe., dld not become 1infected nor did any
copepods, ostracods and insect larvae studied. |
| Why some crustaceans become infected and others do not is

unknown, but host size may be a factor. Alona, Scapholeberis,

copepods and ostracods are smaller than the crustaceans which become
infected, Eggs of E. uncinata are probably too large for the smaller

crustaceans to ingest.

3. GROWTH AND DEVELOPMENT OF E. UNCINATA IN DAPHNIA PULEX AND
 D. MAGNA. o

Disagreements in the literature on the development time of

E. uncinata in Daphnia (Table XIII) prompted.this study. |

‘ ~.As temperature influences the growth rate of this nematode
bin Daphﬁia, experiments were conducted at two temperatures, one at
20 - 24°C., and the other at 15°C. The»fbrmer temperature equaleﬁ
Atﬁe wafer_témperatures at Site 1 in August. The latter edualed the
early spring and late fall water temperatures. | o
| | At 20 - 24°C., E. uncinata matured in ten days to third -

stage Juveniles, 1.5 mm, long. 1In g;'gulex'juveniles were usually

free in the dorsal hemocoel, whereas in D. magha they were in the‘
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Published Development Times For E. uncinata in Daphnia -

Eeference.

Development Time Témperature
12:déys 25 = 29°0;’ " Romanova {1947, 1948)
14 -~ 16 days 17 -.23°C.- Romanovab(194?,v1948)
11 days 18 512060. - Kotefﬁikov (1961)
11 - 12 days - Kauker (1941)
12 - 16 days - Radin (1959)
5 days 26 - 30°C. Garkavi (1960)
-6 days 16 -’20°C.‘ |

' Garkavi (1960)
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‘g&ll filameh@s; They were never coiled inthe thoracic muscles.
- Growth and development of the paraéites started éodn after-infection
(Fig. %) |

- At 15°C.; maturation of E. uncinata took 30 days. Worms
were.coiled in thoracic muscles (Figs.~17‘and 18)'and-d§veioped‘
little during the first ten days of the infection (Fig. 4). The
effect of temperature on fhe metabolism of pafésites and hosts may
explain~why-growth rates‘&iffér in the two experimenté.’

Our observatiohs.generally agree with the published times

needed for the dévelopment of E. uncinats in Daphnia (Table XIII).
Slight discrepancies may result from differences in techniques. The
nmajor discrepanoj betweén our observations and Garkavi's data may
stem'frdm;his possiblevmisintenpbetatioh of the juvenile stages of
the parasite. He‘cléimed that the third stage juvenlles were only

~ 0.86 mm[iong,-this much Smaller than those observed by us and others.
He‘may, therefore, have COﬁfused second stage juVeniles with third

- stage infective nematodes,
4, TOLERANCE OF E. UNCINATA OVA TO FREEZING AND DESSICATION.

We found that E. uhcinata ova perished when frozen for 85>
days, but that many survived for the same period when dried on fllter
péper. This méy contradict Romanova's (1948) observation that eggs
of g; uncinata perished in 20 - 26 hours when stored at,"loﬁ temp-

erature" or a relative humidity of 31 ~ 45%.
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Tolerance to dessication may allow Echinuria eggs to
survive in waterfowl. faeces deposited on dry land{ Rain or flooding
could then wash thé faeces and eggs into a pond and initiaste an -

- infection of intermediate hosts present.

5+ GROWTH, ALLOMETRIC GROWTH, TAXONOMIC CONSIDERATION - AND PATHOGENICITY
‘OF E. UNCINATA IN THE DELTA MALLARD.,

The grdwth_of E. uncinata during the first 50 days of
“infection was ndt uniform but was fastest between 20 énd L0 days,

the period when gonadal development was most rapid (Figs. 5, 6 and 7).
The middle portion of these grew faster than the head or tail ends,
'.cauéing changes in body prondrtions (Fig. 9). Refer to Thompson (1959)
 and Medawar (1958) for a detailed discussion of allometric. growth.
Chabaud and Petters (1961) and Williams (1929) believed:

xthét ratios of bodylparts and length are good taxonomic characteristics
.for the genus»Acuaria. Their conclusion is probably-eorrectnif'
~»coﬁparisons are 11mited.£obﬁorms of the same stage~of_develo§ﬁent.

When Cram (1928) described Echinuria parva principally”because‘its

size and body proportions diﬁfered from thoseof large E. unc;nata,
she was prébably-unaware of the stage of development-of'thése'nematodes.'
When compared with 30 day E. uncinata,.g; parva cannot be distinguished
by Cram's chafacteristics. 'It seéms probable that she described

" relatively young adults of E. uncinata as a new species._

Rhyzikov (1961) stated that absolute and relative spicule
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Jengths were goodbcriteria to separate'EchihuriaVSpecies. Here -
again problems might arise'if'epieule lengths are used as taxonomic
criteria for Echinuria of ﬁnknown age,  In E. uncinata, the length‘of
:the_left spicule ranges fromv0.19‘to“0.70 mm. in adult rales from
20 to'50-day 1nfectione. The ratio of this Spioule to body length
ranges from 1 : 14'5 to 1 3 9.5; and the~ratio of the right spicule
length to the left spicule length ranged from 1 3 1.3 to 1 ¢ 3.6
.during the same period. |

Cordon structure is another important taxonomic character-
1stic (0sche, 1955, and Chabaud and Petters, 1959) that varies dufing
the development ofkg. uncinata. Third stage juveniles.possess cordons

resembling those of Paracuaria (Fig. 21), and fourth stege juveniles

have Acuaria - llke cordons (Eigr 22)., Chabaud and Petters (op.

_glg.) 1ndicated that Paracuaria and Acuaria are more primitive than
Echinuglg.. They also discussed ﬁheeoccurrence of primitive cordon
_structure in juvenile stages of other Acuariidae.

Russian authors generally stated that 48 to 52 days were
required for the development of E. uncinata to the egg - laying stage
~in ducks (Romanova 1938, 1947 and 1948; Radin, 1959). Kotelnikov
(1961) noted that only Lo days were needed before ovipositing commenced.
His- obserVations agree with our flndings.

- Detailed histopathological examinetions of granulomas of
~Delta Mallards with E. uncinata infections were not carried out.

Gross examination indicated that the nodules formed were flibrotic

granulomas’often containing necrotic material. Their location on
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-the isthmus, between the proventriculus and gizzard, may be explatned
, by the fact that this region is softer and more easlly penetrated

than.either the proventriculus or gizzard. Cram (1931) believed this
" to be true of Chellospirura hamulosa (Dlesing, 1851) Diesing, 1861

infections 1n chickens.

6. GROWTH AND SURVIVAL OF E. UNCINATA IN DELTA MALLARDS OF DIFFERENT
AGES. | ‘

Four groups of Delta Mallards of different ages'weré
_infeqted with third stage juvenile E. uncinata to see if the age
influences the resistance of the definitive host to this_paraéite.
Aftef L0 days, the size and numbars of parasites were compared to
determine suseeptibiiity of each group of birds. The size and
number of parasites gave lndications of growth and percent survivai
vof the nematodes respectively. These parameters were correlated
‘(correlation coefficient, P= 0 001); the largest worms being found
in infections with the highest percent survival of the parasites.
Our results indicate that one-week old Delta Mallards are
more susceptible to gr,undinata infection than two and three-month
old birds (Table»VIII), One way analysis of varlance was carried |
out on male and female body lengths from each of the Delta Mallard
- age groups. The F ratio was acceptable for both‘sexes)(?=.01)
The frequeﬁéy of echinuriasis‘is higher in younger birds

than in older birds (Kauker, 1941; Knudsen, 1966; Shevtsov and Zabello
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1965)uvauseher.(1965) staﬁed that the high frequency of parasitism
1n5dﬁcklings may stem from thé fact that ducklings feed more exten;
sively on invertebrates (i. e. parasite vectors) than do adults.

L Other factors may also be iﬁportant,‘however, as all of oﬁr ducks
recelved idehtical numbers of parasitestand yet had different inten-
sities-of- Infectlon. These féc%or3vmay;bewphysica1, physiological and-
immunological. Toughness.br th1ckne§s‘of étomach'tissues and-hormonal

~ changes associated with maﬁufation‘may-effgct the parasites'growth

.and survival. Another factor,-activity of antibody producing orgahs
Such as the bursa of Eabricius, is known to vary with the age of.the

bira (Olson, 1965).

7. SUSCEPTIBILITY OF DIFFERENT WATERFOWL SPECIES TO E. UNCINATA
INFECTIONS | |

Susceptibility to E. uncinata (ability of being invaded or
infected by it) was determihed_in different species of waterfowl by
vcoﬁparing'the size and number Qf parasites and number of granulomas
in Qaéhfgpedies. tTWo\experiments Were~perf6rmed, in one, naturally

' écquired 1nfe¢tions were compared (Table IX); and- in the second,
 1hféctions from known numbers. of infective Juveniles wére compared (Table
X')s .Although the results of both experiments differed slightly,

- they indicated that some species of waterfowl were more susceptible

‘than others, Speclies that had prominent granulomas %hich usually

contalined parasites were regarded as susceptibly. BResistant birds
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had few or no granulomas or wofms.

Susceptible were the domestic mallards, Delta Mallards,
wild mallards, gadwalls,’pintails, lesser scaup, common eiders and
'demestic geese. Mallards, gadwalls and.pintails had greet nunbers
of large paresites while the}soaup and geese had fewer and smaller
wormss The-premature death of the eiders prevented the comparison
of their'parasites With.those of other species, but they were heavily
“infected and perasite3“were'large’fer their-age.

| Blue-winged teal, shovellers, redheads, ruddy ducks and
coots seemed to be more resistant. Neither teal nor shovellers had
parasites Or‘granulomas at the end of.ﬁhe experimental period. The
ducklingsA(two teal and one shOveiler) which'died prematurely had
smali granulomas and»a-singie;»Z-mmﬁlong worm each. No redheads
were parasitized when autopsied and only one of the six ducklings
had granulomas. Ruddy ducks hed few granulomas and very few worms.
It.is uﬁeertaingwhether ruddy ducks are as resistant as the aoove
birdss More birds should have been examined. Coots had neither
‘grenulomas nor parasites. |

| : There‘are'probébly many reasons why the susceptibliliy to
E. - uncinata infection of'different~hestslvaries._ For example,
'shovellers, by nature of thélr feeding behavior, have probably been.
frequently exposed to Echihuria in the past.,. ‘Perhaps, as the result
of natural selection, shovellers'have evolved & high resistance to
this parasite. Blue-winged teal is closely related to the shoveller

(Delacour and Mayr, 1945) and nay share this resistanoe. Mallards
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and‘ﬁintails are closely‘reléted and are both susceptible. The high
susdeptibility of the domestic mallards may be the result of artificial
'selection to which these birds were.eqused.

o The*size and physigal properties of the birds may also in-
fluence thelr susceptibility. Of the dabbling ducks examined, the
largest (mallards;ipihtails and gadﬁalls).wéfe most susceptible and
the?smallést (teal and'shoveilers); the most resistant. The large
- domestic mallards and geese had the 1argést granulomas which probably
provided more space’fbr the parasites.

Bezubik (1956), Cornwell (1963) and Czaplinsky (1962)
1isted over bo_species of watérfbwl serving as definitive hosts of

E. uncinata

(Table ITI). Unfoftunately, these authors did not provide

datz on the'eiteﬁSity»of'infection in these birds.

8. GROWTH, SURVIVAL AND PATHOGENICITY OF E. UNCINATA IN INFECTIONS
OF DIFFERENT INTENSITIES. | |

To see if growth, survival and pathogenicity of.§. uhcinaﬁa
are influenced by intensity of infection, eight Delta Mallards wére
iﬁfécfé@*with'Lafgé"ﬁumbérs of third stage juveniléﬁ»aﬁd“exaMiﬁéa'
40 days later (Table XI). |
"~ The examination showed that the growth of the parasites
was fastest in'birds which received the greatest numbersqu juveniles
and slowest in those which recelived the smallest numbers (sihgle-

factor Anovar P=.01); No correlation (reject below P=.01) existed



89

between the size of. the inoculum (infection dose) and fhe survival

of the nemétbdes; E. uncinata body length and‘percent survival;_and
parasite body length and number of worms. The lack of correlation

in the 1atfer three tests suggests that the éxistenee of & relationship
"betwéen inoculum size aﬁd parasiteklength is uncertain.f Numbers of
granulomas from eachvhost correlated (corr. coef, P#.OOl) with numbers
of parasites present (Fig. 10) but not with the inoculum size.

The fact that one statistical test was significant whereas
the othefs were not may stem from the highvvariability in the data,
For example, one mallard received 500 juvenile.worms and retained
218 after 40 days. Another bird received‘750 Juveniles but was free
of infection when ;utopsied. Thé use of more birds might have glven

more consistant results.
9. THE FATE OF E. UNCINATA IN WINTER AT DELTA.

At Delta, two coh@itions exist which permit this nematodé
to over-winter. First,'certainzareés of the marsh do not freeze
to the'bottom (es g. Site 4); ahd Sédond, many waterfowl are kept
through the winter at the Delta Waterfowl Research Station.

By not freezing to the bottém,'certain areas could provide
abrefuge for E. uncinata eggs, if tﬁese eggs can survive long per;éds_
of near freezing temperatures., The tolerance of Echinuria eggs to
environmental stresses is not known; but Monné (1958) thbught

that the quinone-tanned'proteins of E. uncinata egg shells may protect
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the ova agéinst cold, dessication and ultra violet light. Our
obserVa£ioh, that eggs can survive dessicatioh for 85 days corrob-
orates his views., |

Suitable crustacean hosts miéht also harbor E. uncinéta
through the winter in the water'basiﬁs which do not freeze to the

bottom. Gammarus sp. is known to harbor Streptocara sp. and Tetra-

mefes gg. juvéniles all winter (Klesov and Kovalenko, 1967). At

"Delta, Gammarus lacustris survives un@er the Blind Channel ice

all winter and one individual with a juvenile E. uncinata was found
on March 22, 1969. Daphnia can also Surﬁive‘ail winter under ;ée
(Pennak, 1953). - |

We cahnot be certain'if and how eggs and/or juveniles of
E. ungiﬁatalover—winter at Delta, but we are certain that adult
 paras1tes survived in some of the birds kept at Delta in winter.
_6f.twelve Delta Mallards reared on the Field Station Pond in the
v sunmer of 1968, one retainéd ovipositing worms td January, 1969 and
‘one had nearly 400 worms in June, 1969 (Table XII). Crichton (1969)
and Connell (unpublished) observ'é,d this nematode in wild ducks
- returning to'the.prairies in'early spring, which suggeéts that this
parasite might sufvivé.all winter in wild ducks as well.

| Russian workers stated that most waterfowl_parasites;~
'1nclﬁding Echinuria, can not over-winter in a-marsh. GerésimOVQ
(1962) stated that helminths could not survivewthe winter in a
mmaish that freezes solid. Garkavi (1960) thought that E. uncinaté,

must return each spring with the migfating birds. Romanova (1948) and
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Radin (19599 supported this'premisevWith their observations that

both eggs and juveniles of E. uncinata died when frozen or dessicated.
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CONCLUSION

Information obtailned in the‘course of this study clarifies
anduexﬁands ourvknowiedge of E. uncinata, 1its biology, pathogehicity,
and its occurrence at Delta, Manitoba. Although our 1nvest;gations
were.- linited, they provide a foundation fof more detalled research
on this pathogen of waterfowl.

The follwbing ere the conclusions derived from this in-

vestigations:

t. Juvenile E. uncinata were found in Daphniza pulex, D.

magna and Simoceghalus vetulus collected from the Field Station Pond
4n the summer months., ‘
' 2, E. uncinata caﬁ inféctatleast eleven speeiesfgf Delta

crustaceans; namely seven Cladocera including Daphnia pulex, D. magna,

Simocephalus vetulus, Ceriodaphnia reticulata, Q.'acanthina, Moina

macrocopa and Eurycercus lamellatus; two Amphipoda, Gammarus lacustris

and'Hyalella aztecas one Conchostraca, Lynceus brachyurus, and one

Anostraca, Chirocephalopsis bundyi.

3. E. uncinaiavde#eloped to third stage«juv@niles~in

'Déﬁhniagpulei and D. magna in 10 days at 20 - 21°¢, and in 30 days
at 15°%C. | B |
| 4. Eggs of E. uncinata died when frozen for 85 days but
‘survived dessication for the same period. | _ _

5.. InlDelta»Mallards, E. uncinata moulted from fourth

stageijuveniles to adults 20 days after the infection and fémales
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’ were»dvipositing L0 days after infection. |
6. E. uncinata grew faster and the survival rate was higher
in one-week o0ld Delta Mallards than in two and three month old birds.
7. E. uﬁcinata readily Infected the fo;iwoing waterfowl;

Anas platyrhinphos domesticus, A. p. (Delta Mallard), A. Do plétxg_

rhynehos, A+ strepera; A. acutbe Somatﬁriatmﬁllissimaa Aythya affinis

end Anser domesticus. This parasite did not readily infect Anas

glzggggg, A diécor,»Aythya émericana, Oxyura Jamaicenslis and Fuiica
émericané (Railidae)y |
o 8. Most granulomas were found in birds with the highesf
intensitlies of infection.
9. - E. un&ig%ta 15 known to overwinter in the definitive

“host where it can survive for one yeals



) FIGURE 11
Fleld Station Pond - Site one

FIGURE 12
Delta Road Slough -~ Site three
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FIGURE 13
Blind Channel - Site four

FIGURE 14
Rearing Pen




| FIGURE 15
eggs in gut of Daphnia pulex (250X)

First stage E.

FIGURE 16
uncinata Juveniles in

D. pulex hemocoel (400X)
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FIGURE 17
First stage E. uncinata in thoracic muscles

of Daphnia (312.5X - Bright Field)

FIGURE 18
Same as Figure 17 (Interference contrast)
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, ) FIGURE 19 '
D. pulex with second and third stage E. uncinata

FIGURE 20

D. Eulex with third stage E. uncinata juveniles. (10X)
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; FIGURE 21
Third stage E. uncinata Juvenile in gill filament
of D. magna (400X - Interference contrast)

FIGURE 22
- Cordons of fourth stage E. uncinata
(LOOX - Interference contrast)
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) FIGURE 23 _ i
 Moulting fourth stage E. uncinata (40X) : s

FIGURE 24
: Adult female E. uncinata (10X)




. FIGURE 25
Developing vulva of fourth stage female E. uncinata (100X)

: FIGURE 26 \
Developing vulva and oviJector of fourth stage female
E. uncinata (100X - Interference contrast)
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- FIGURE 27
Ovijector and vulva of adult E. uncinata (100X)

FIGURE 28
: Ovipositing E. uncinata (40X)
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| . FIGURE 29 '
Distal end of adult male E. uncinata {100X)

. FIGURE 30 ,
Swollen mucosa of isthmus from 10 day-old E. uncinats
infection from & Delta Mallard (20X)
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FIGURE 31 _
Granulomas from 20 day-old E. uncinata infection:
‘from a Delta Mallard (10X)

FIGURE 32
Granuloma from 37 day-old E. uncinata infection
from a Delta MalTard (10X)
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FIGURE 33 , :ﬂf
"plug® from 40 day E. uncinata o
from a domestic goose (10X : L

Granuloms Qith
infection

FIGURE 34 By
Granuloma with "plug" removed from 40 day E. uncinata R
. infection from a domestic goose (10X) : : L
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FIGURE 35
Opened granuloma with E. uncinata from Delta Mallard \
with an estimated one year infection (10X) ‘

N FIGURE 36 v
Proventriculus of domestic goose with 40 day E. uncinata infection
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FIGURE 37
Proventriculus and gizzard of a coot B0 days
after Infection with E. uncinata

FIGURE 38
Granuloma with "plug"® and eroded mucosa from blue-winged teal
with 24 day-old E. uncinata infection (10X)
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APPENDIX II’

Thé classification of Echinuria uncinata.

(Chabaud, A. G, 1965)

Phylum Nemathelminthes
Class Nematodes
Subclass Secernentea
. Order Spirudida
Suborder Splrurina
Superfamily Spiruroidea
Family Acuariidae (Railliet, Henry . et Sisoff 1012)
Subfamily Acuariinse (Railliet, Henry et Sisoff 1912)
Genus_  EBchinuria {Soloviev, 1912
Species uncinata (Rudolphi, 1819)

(Hymen, L. H. 1951)

Phylum ~Aschelminthes
: Class Nematoda
-Qrder Spiruroidea
. Family Acuariidae
Genus Echinuria
Species uncinata

Phylum Aschelminthes
Class Nematoda
Subclass Secernentea
Order Spirurida
Suborder Spirurina )
‘Supe¥family Acuarioidea (Sobolev, 1949)
Family Acuariidae .
Subfamily Echinuriinae (Sobolev, 1943)
Genus Echinuria
Speciles uncinata
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