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ABSTRACT 

I n f e c t i v e ,  t h i r d  s t a g e  E. unc ina ta  juven i l e s  were found - 
i n  Daphnia pulex, 2. magna and Simocephalus v e t u l u s  c o l l e c t e d  from 

the. F ie ld  S t a t i o n  Pond a t  Delta. The para-s i tes  were present i n  t h e  

pond from l a t e  May t o  e a r l y  November, and reached a peak abundance of 

108 p a r a s i t e s  pe r  100 D. magna i n  e a r l y  August. - 
Laboratory experiments with Daphnia pulex, D. nagna, - 

Simocephalus vo tu lus9  Ceriodaghnia r e t i c u l a t a ,  C. acanth ina ,  H o l m  - II_ 

. macrocopa, Eurycercus l amel l a tus ,  Cammarus l a c u s t r i s ,  Bya le l l a  - 

a z t e c a ,  Lynceus brachyurus and Chirocephalopsis bundgi demonstrated 

t h a t  t h e s e  Del ta  c rus taceans  become i n f e c t e d  when exposed t o  E. - 
gncina ta  eggs. I n s e c t  l a r v a e ,  os t racods ,  copepods and t h e  c lndocerans 

Alona sp. and Scapholeberis sp. d i d  n o t  become infected. ___. 

E. uncina ta  developed t o  t h i r d  s t a g e  i n  Daphnia pulex and - 
D. magna i n  30 days a t  15'~. and i n  10 days a t  20 - 2 k 0 ~ .  - 

Eggs of E. uncina ta  per i shed  when frozeri f o r  85 days but - 
survived t h e  same p e r i ~ d  when d r i e d  on f i l t e r  paper a t  20 - 24'~. 

I n  penned Delta  Mallards,  E. unc ina ta  moulted from f o u r t h  - 
s t a g e  juven i l e s  t o  a d u l t s  a f t e r  20 days; male worms were sexua l ly  

mature a f t e r  30 days and females were o v i p o s i t i n g  after 40 days. 

E, uncina ta  grew f a s t e r  and were more succese fu l  i n  one- .  - 
weak o ld  De l t a ,Mal la rds  than i n  two and three-month--old b i rds .  This 

nematbda e a s i l y  i n f e c t e d  mallards ,  p i n t a i l s ,  gadwalls,  l e s s e r  scaup, 

common e i d e r s  and domestic geese,  but  n o t  shove l l e r s ,  blue-winged t e a l y  

redheads, ruddy ducks and coots .  



iii 

In the definitive host, g. uncinata burrowed under the 

mucosa of the isthmus, the junction of the proventriculus and gizzard, 

where granulomas were formed. The number of granulomas was correlated 

with the number of parasites, E. uncinata survived all winter in - 
mallards kept at the Delta Waterfowl Research Station. . 
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INTRODUCTION 

The biology of the parasite nematode, Echinurla uncinata 

(Rudolphi, 1819), Soloviev, 1912, a.nd its effects on waterfov~l 

populations have been studied in the old world by several European 
, 

and Russian researchers. Little information on this nematode appears 

in North American literature. Unpublished data of the late Dr. Re 

Connell of the university of Saskatchewan indicated a heavy infest- 

ation of mallards from 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 large populations of the hosts required 

for the aevelopment of E, uncfaata, Excellent research facilities - 
are available at the Delta Waterfowl Research Station. These factors . 

make this location ideal for a study of the biology, occurrence and- 

pathogenicity of E. uncinata. - -_1_ 

The objectives of this study are to obtain information on 

the 'biology, pathogenicity and importance of E. uncinata at Delta, 

Manitoba. This information will help towards a better understanding 

of the ecology of this parasite and its influences on a valuable 

resource, waterfowl. To achieve these objectives, we examined the 

following hypotheses and aspects of the ecology of E. uncinata at 
Delta: 1) its occurrence in the crustaceans of the Delta Marsh, 2) 

can - E. uncinata infect invertebrates other than Daphnia pulex and D. - 
magna, 3) its development in 2. pulex and 2. e, 4)  the tolerance of 



', uncinata - ova to freezing and dessicatbon, 5 )  its development 

the Delta Mallard, 6) the infections of g. uncinata in Delta Mallards 

of different ages, 7) - E, uncinata infections in different species of 
waterfowl, 8) - E, uncinata infection of different intensities in 
Delta Mallards and 9) the duration ~f natural infections of E, - 
uncinata in Delta Mallards, 

All field surveys and experiments requlrlng waterfowl 

were carried out at the ~clta Waterfoil1 Research Station during the 

summers of 1968 and 1969, Other experiments and the analysis of data 

were conducted at the University of Manitoba, 



BEVIEM OF LITERATURE 

Published reports on Eckinur%a unchnata deal with 

its taxonomy, occurrence, morphology and pathogenicity with few 

note-s on i t a  biology. 

, The order spirurida was reviewed by Craa (l927), 

Chitwood and Chitwood (19501, Osche (19551, and Skrjabin g. (1965). 

In Spirurida, the superfamily Spiruroidea Raillet and Henry, 1915, 

contains the family Acuariidae Rai l l e t ,  Henry et Sisov, 191% 

Genera of Acuariidae have pseudolabia and cuticular ornaments on 

t h e  ckphallc ragi6n. The subfamily ~cuarllnie R a i l l e t ,  Henry and 

Sisov, 1912, contains genera with cordons. Scbolcv (1943) split 

Acuariinae by establishing the new subfanily Echinuriinae, which 

contains genera with cordons and body spines, the latter being 

absent fr,om genera of Acmriinae, 

The genus Eohinuria Soloviev, 1912 has the following 

synonymys according to Cram, (1927); Filaria Mueller, 1787, 

part~i Aouaria Bremser, 1811, pro parte; Splroptera Rudolphi, 1819, 

parte; Dispharagus kjardin, 1845 r e ;  Histiocephalus 

Diesing, 1851, pro parte; Dlsoharynx Raillot, Henry and Slsov, 1912, 

pro parte and Hamannia Raillet, Henry and Sisov, 1912. 

the name Acuaria is still used instead of 



Echinuria in recent papers (e.g, Marotel and Pierron, 1947; 

Moynihan and St~vell, 1953). 

The number of species of Echinurfw is uncertaino 

Ryzhikov (1961a) lasted 11 species, Yamagutf (1961) 19 and Ali 

(1968) 16. Echinuria cggni Morini, Colombo and Martin, 1960 

was not included in any of these listings. 

Species of Echinuria have been fomd in Anseriformes, 

Ciconiformes, Phoenicopteriformes, Larfformes, Charadriformes 

(after Ryzhikov, 1961~3) and Ralliformes (Pavlov and Sergeeva, 1961). 

Echinuria unclnata (~udhl~hi, 1819) Soloviev. 1912, is a parasite 

of Anseriformes with one reported infection in the coot, a. 

MORPHOLOGY 

Echinuria uncinata is the type species of the genus and 

Echinuria is the type genus of the subfamily Echinuriinae. E. 
uncinata possesses four cordons which anastomoze and are non recurrent, 

Four rows of spines run nearly the entire length of the boBy (Cram, 

l92?), The cordons are a series of'double pointed ridges 

(Czaplinski, 1962) and not glandular structures as described 

Marotel and Pierron (1947). Two prominent pseudolabia surround 

the mouth opening which leads into the buccal capsule or stoma. 

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

glandular section, Measurements of body parts Eire given in Table X,& 11. 



TABLE 1: 

Becorded ranges f o r  body por t ions  of adu l t  - E. unsin,ata 

i n  mi l l imeters  

Femal e s Wales 

Measurement Referenc@Measurenent Reference* 

Body l eng th  6-7 - 20.0 ( (1) 4.6 - 11.6 (1) 

Max. Body width Oe50 - 1.02 (1) 0.280 - 0.382 (1) 

Cordon length  0.528 - 1.02 (1) 0.392 - '0,772' (1) 

Buccal length  0,112 - 0.212 (1) 0.110 - 0.170 (I.) 

Musc, Oes. length  0,630 - 1.06 (1) 0,520 - 0.892 (1) 

Gland, Oes, length  2.29 2.53 (2) 1.05 2.55 (1) 
1.254 - Z*ZlO (I) 

T a i l  length  0.20 - 0.24 (3) 0,330 (4) 
0,212 - 0,297 (1) 0.360 - 0,430 (2) 

Lef t  Spicule length  0.515 - 0,730 (2) 
0.580 - 0.840 (5) 

Right Spicule length  0.140 0.208 ( 3 )  
0.204 - 0.246 (1) 

(1) Vulva t o  t i p  of t a i l  0,680 - :1.70 
Ova width 0,018 - 0,020 (3) 

Oe0212- 0,0255 (1) 

Ova length  

* ( l ) . ~ o t e k h i n a ,  1963; ( 2 )  Czaplinski,  1962; (3) Bezubik, 1956; 
(4) Cram, 1927; and (5) Rhyzikov, 1961. 



TABLE I1 

Neasurements of - El -- uncinata  co l l e c t ed  i n  llanitoba and Saskatchewan 4 

i n  mi l l imeters  
I I 

Females Males 

Body leng th  3.'0* .. 20,95 3.bs - 13.9 

Max, Body width 0,13*- 0.87 O e l l ~ -  0,60 

Cordon l eng th  0,2j*- 1.20 Oe2jj*- 0.93 

Buccal length  

Musc, Oes. l eng th  

Gland, Oes, l eng th  1 . 2  - '3,2j l e O O  - 3,04 

Tail l eng th  0.08*-- 0.38 0.17s.- 0,43 

Left Spicule l eng th  

Right Spicule, l eng th  

Vulva ' to  t i p  of ta i l  0.43%- 1.82 

$ Collected f o r  Dr, R, Csnnell. * Measurements taken from sexually i m a t u r e  adu l t s ,  



Gravid females  a r e  d i d e l p h i s  wi th  t h e  a n t e r i o r  p o r t i o n  

of t h e  u t e r i  n e a r l y  reaching  t h e  stoma* The vagina and muscular 

s p h i n c t e r  (Cram, 2927) make up t h e  o v f j e c t s r e  Males possess two 

unequal and d i f f e r e n t l y  s t r u c t u r e d  s p i c u l e s ,  The l e f t  i s  long 

and t h i n ,  the right i s  s h o r t  and heavy ( C r a m ,  1927)* Caudal alae 

are supported by four p a i r s  of  pedunculate preeioacal papi l lae ,  

The exact  number of  p o s t c l o a c a l  p a p i l l a e  i s  i n  question, Bezubik 

(1956), C r a m  (192?),  Czapl inski  (1962) and Ryzhikov (1961a) 

claimed' t h a t  f i v e  p a i r s  are presen t  while  Po tekhina. ( 1963) 

observed only four  p a i r s .  

The c u t i c l e  of go unc ina ta  has  no f ib r i l l a r  layer and 

c o n s i s t s  of a t h i n  co r t ex ,  e x t e r n a l  lamel la ,  homogenous l a y e r ,  

Lntcrnal  barnel-la, basal l a y e r  and menbrane (Bogoyavlenski, 19611, 

Bsgoyarlenski (1962) a l s o  s t u d i e d  t h e  hypodermis of  t h i s  nematodeo 

The eggs of - E, unc ina ta  a r e  t h i c k  she l l ed ,  ovate ,  

embryonated and have a s p e c i f i c  g r a v i t y  of 1,2 (Shakhnazarova, 1946). 

~ o n n 6  (1958) found t h a t  t h e  egg s h e l l s  contained quinone - tanned, 

gran negat i ~ e .  p s s t  e i r - 1 ~ ~  

F i r s t  stage - E. unc ina ta  juven i l e s  are 0,126 - 0.175 mm. 

In l e n g t h  s o o n - a f t e r  ha tching  (Kaukes, 1941 and Ronanova, Ig~c7).  

KoteTnikov (1961) observed a s l i g h t  bulb i n  t h e  oesophagus of f i r s t  

s t a g e  juveni les*  Second s t a g e  juven i l e s  a r e  0.636 - O*64O mm.in 

l e n g t h  (Romanova, 1947) and have a c y l i n d r i c a l  oesophagus and a 

w e l l  def ined  i n t e s t i n e .  Kotel!nikov (1961) observed a t h i n  shea th  

which extended beyond t h e  head of second s t age  juveni les .  Third 



stage juveniles are infective and generally measure 1.2 to 1.6rnm. 

in length (Romanova,. 1947), Rezubik (1956) reported that third 

stage juveniles wers le7,to 2.Q m.in length, while GarkavS (1960) 

found some of these juveniles to be only 0,86 mm longo Short 

cutZcular rldges a r k  founa near the extreme anterior tip of third 

stage juveniles, These might be primordial corGons, and Seurat  (19P9), 

Ghabaud (2954) and Qsche ( 1 9 5 5 )  suggeste' that juveniles of acuariid 

nematodes possess the cordons of more primitive generao This 

hypothesis was supported with examples by Chabaud and Petter (1959). 

Fourth stage juveniles of Ep uncinata are not described in the - 
litei-atuPeo 

No reports on variations in adult norphology of - E, 
uwcinnta. a m  avai-lab-be., but aceording to Ryzhlkov (1961a), the best 

and presumably least variable generic characteristics of Echinuria are - 
the extension of the cordons, absolute and relative spicule 

length, shape of spicules, and the ncunber and arrangement of 

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

found that relative cordon length and body organ ratios were constant 

but that body length and width were variable. Akhmedova (19 54) 

. reported that Amidostomum anseri-s infected both ducks and geese, 

but smaller worms occurred in the ducks. Chitwood (1957) found 

intraspecific variations in parasitic nematodes and Anderson (1968) 

found that tail, lip and gonad morphology and nerve ring, excretory 

pore and phasmid position were variable in species of Acrobelaides, 

depending on culture mediao 



  chi nu ria species described f rom only a few specimens - 
should be reviewed in the light of possible variation in morphological 

characteristics. Echinuria pama Cram, 1928, 3. querquedulae Johnston 

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

possibly - E. borealis Mawson, 1956 are a few exanples. 

BIOLOGY 

In The Intermediate Host -- -- 
Host list: Echinuria uncinata is a typical acuariid, - P C -  - 

requiring both a definitive and intermediate host to complete develop- 

ment (Ivashkin, 1961). Hamann (1893) suspected that Daphn1.a pulex 

was the intermediate host for E. unc-inata. Romanova (1938, 1947 - 
and 1948), Kauker (1941), Srilkov (1963) and RaOin (1959) showed 

experfmentalLy that 2. pulex and 2. mama serve as intermediate 

hosts. ~ote3hikov (1961) experimentally infected Gammams 20, 

Ceriodaphnia SJ., Asellus aquaticus, and an unidentified cyprid with 

E. mcinwta. Development of this parasite in copspods was not observed - 
(Romanova, 1938). 

Seasona.1 abundance, occurrence and intensity of-infection$ - - 
The peak abundance of' E. uncinata in Daphnia is in summer and autumn. - 
Movsesian (1962b) found 15.6 $ of Daphnia infected with juvenile - 
acuariids and tetramerids in a pond in AU~US~. In a river bay, only 

2.1 $ were infected in June and only 0.6 $ in August. ~otefnikov 

(1961) observed that 2.0 $ of Daphnia were infected with E. uncinata 



juveniles in a pond which supported a flock of ducklings, all of which 

were infected wlth this nematode. Marotel and Pierron (1947) found 

* . h i g h  percentage of Daphnia infected in a pond frequented by many 

ducks. Usually -only one irtfec.tive - E. uncinata juveni.le was found 

per Daphnia even though three juveniles were found in same (Kauker, 

It is not known if E. uncinata can survive the winter in a - 
marsh or pond,, Garkavi (1960) believed it could not over-winter in 

ponds which freeze, because the intermediate hosts perish, However, 

BaphnBa can survive all winter under ice (Bennak, 1953) and Klesov 

and Kovalenko (1967) found that Tetrameres 2. and Streptocara 2. 

juveniles could survive the winter in Gammarus a, Romanova (1948) 
and Radin (1959) showed that eggs and juveniles of - E. -.- unciaata cannot 

survive low temperatures or dessication, though the chemistry of the 

egg shells suggests resistance to these environmental factors (~onn6 , 
1958 1 

Development & pathogenicity: Daphnia become infected 

with - E. u ~ c l n a  by eating viable eggs which are passed with the 

definitive host's faeces (IIaqaqann, 1893). Lubirnov and Alf (1934) 

dishgreed~bectiuse .- . the ..- eggs appeared to be too large (after Radin, 19591, 

but the experimental results of Romcen~va (1938) and ot!?ers corroborated 

Hamann's views, 

Eggs of - E, uncinata will hatch free of Daphnia in water. 
~khtar-(1936) observed this fifteen minutes after the eggs were 

removed from female worms and Kauker (1941) szw the szme after 



two days. 

Once inside,the Daphnia, the parasites penetrate through 
>, ,. 

the intestinal wall into the haemocsob, usually within 3 days 

(Radin, 1959)e Here, they grow and moult twice before becoming 

infective. Ramanova (1938) thou-ght a month was needed for the 

juvenile worms to complete development, but latcr (1947 and 19148) 

she found thet only 12 days at 25 to 29%. or 14 days at 17 to 23'~. 

were requiredo She found that the first moult occurred at 6 days 

and the' second at 12 to Ilk days. ~otel'nflcov (1969) found completely 

developed juveniles in li days at 18 to 20'~. w h i l e  Kiauker (1941) 

found 11 to 12 days were? sufficient* RadPn (1959) believed 12 to 

16 clays were required, while Carkavi (1959) s2ated that 5 days at 

26 to 30°c. or 6 days at 16 to 20°c. worc'"a8Sqixitb. 
' 

The effects of this parasite on Daphnla are not well 

understood but a high rate of mortality was recorded by Kauker (1943). 

In The Host 
_.I_ 

Distributbont - E, uncinata has been reported from many 
parts of the world by many researchers - from the Soviet Uniov 
(Shabaev, 1961; Narkov, 1941; Potekilin.a, 1963; Ge.rasiras.i>,yab, 196b; 

Maksimova, 1964), Poland (Czaplinski, 1962; Bazubik, 1956), 

Germany (Hammn, 1893; Kauker, 1941; Hill, 1941), England (Buxton, 

Ford and Munro, 2952; Venn, 1954; Gibson and Barnes, 1957; Avery, 

1966), France (Narotel and Pierron, 1947), Dennark (Knudsen, 1966), 

Africa (Cran, 1927), Afghaplstan (~khtar, 1936), India (~aplestone, 

1939; Lalitha and Alwar, 1960), United States ( C r a m ,  1927; 



Cheatum, 1952), and Canada (Swales, 1934; Moynihan and Stovell, 

1955; Rrnyell, 1963; Crichton, 1969; Connell, unpublLshed). 3. 
uncinab may also be present in Argentina and Australia, Ec cygni - 
Morllni, Colombo and Martin, 1959, found in Argentina does not 

differ from - E, uncinata, - E, querquedulae Johnston and M~vrson, 

1942, f o u d  in Australia, also appears to be 2. unefnuta. (l.Iatsssn, 

1968) e 

Recent surveys of helminth parasites of' birds (including 

waterfokb) in Central America (Hatherill, 1968)~ Pakistan (Hassan, 

1966) and Mongolia (~anzan, 1964) did not reveal this parasite 

in these regions, 

&st list: Ec uncfnata is a pasasite of most specles -- - 
of waterfowl (see Table LIS), Govrer, (1939)~ Lepage ( 1 9 6 1 ) ~  

Czaplinski (1962) and others listed over forty hosts in Anserifomes 

and Colba (196s) has found this parasite in a member of Ralliformes - .  

Seasonal abundance: Eo uncinata is most prevalent in - 
late summaxao In ducks sampled in Russia, Shevtsov and Zabello 

(1965) found 14% infected in August and Septembm, 3.3% in February, 

and none in March through Hay, Potemkina (1956) and-Kotehikov 

(1961) also noted a high occurrence in July. In England, Venn (1854) 

found most Echinuria late in the waterfowl breeding season. In 

Germany, Kauker (1941) observed the heaviest losses of ducks from 
\ 

echinusiasis in July, August and September, Cornwell (1963) noticed 

a peak mortality in Canadian wild ducks in August, Similar 



TABLE I11 

Recorded Waterfowl Host 

~osts* 

& galeziculata 
A. sponsa - 
Anas acuta acuta - 
.A. americana - 

bahauensis 
-- 

capensis 
castanea 
carolinensi 

bahauensi s 

S 
crecca crecca 
discors 
penelope 

platyrhynchos 
domesticus . 

A. rubripes - 
A. sibilatrix 
K. - sprasa leucostigma 
A. sprasa sparsa - 
A. strepera strepera x. - undulata und-ulata 
Anser anser anser -- - - -  

2fC7Enesticus 
A. cinereus 
A~thsa affinis 

-- 
A. americana 
X. ferina 
A. EXETnera 
'f5rantz. canadensis canadensis 
EE3Xia hartlaubf hartlaubi 
- C-ucci~ator 
U. olor - - 
C. olor domesticus - 
~endrocyanaviduata 
Fulica americana 
Lophonetta specularoides s. - 
Mergus albellus 
Neochen jubatus 
Netta rufina - -- --- 
~xyura~eucocephala 
l?liTEEafius pugna* - 
~omateria~ollissima -..-- 
S. spectabilis - 
Spatula clypeata 
Tadorna ferruginea 
T. tadorna 

E. uncinata - 
Reference 

Cornwell, 1963 
Cornwell, 1963 
Bezubik, 1956 
Wickware, 1941 
Cornwell, 1963 
Cornwell, 1963 
Cornwell, 1963 
Bezubik, 1956 
Bezubik, 1956 
Buscher, 1966 
Bezubik, 1956 
Bezubik, 1956 
Cornwell, 1963 
Bezubik, 1956 
Bezubik, 1956 
Cornwell, 1963 
Cornwell, 1963 
Cornwell, 1963 
Bezubik, 1956 
Cornwell, 1963 
Bezubik, 1956 
Bezubik, 1956 
Bezubik, 1956 
Cornwell, 1963 
Cornwell, 1963 
Bezubik, 1956 
Cornwell and Cowan 
Cornwell, 1963 
Cornwell, 1963 
Cornwell, 1963 
Cornwell, 1963 
Bezubik, 1956 
Cornwell, 1963 
Colbo, 1965 
Cornwell, 1963 
Bezubik, 1956 
Cornwell, 1963 
Cornwell, 1963 
Gerasimova, 1964 
Bezubik, 1956 
Bezubik, 1956 
Cornwell, 1963 
Czaplinski, 1962 
Cornwell, 1963 
Bezubik, 1956 

* Scientific names taken from references cited. 



observations were made by Buxton, Ford and Munro (1952); Gibson 

and Barnes (1957); Marotel and Pierron (1947) and Hill (1941). 

The fate of these parasites in winter is not clear, 

Chrkavi (1960) believed they wintered in ducks, to be reestablished 

in ponds in spring with the return of infected birds. However, 

Crichton (1969) found few of these parasites in mallards and 

pintails in April and )lay of 1968, though heavier infections 

were noted in the previous autumn. 

' Occurrence: In England, Buxton, Ford and Munro (1952) 

reported the deaths of 200 of 250 Aylesbury ducks were caused by 

echinuriasis. Thirty - nine ducks . o i , s i x  speoies perished in 

Langford, England (Venn, 1954) * Thirty - seven Q? %,hem were 

juveniles, Narotel and Pier (1947) r F p o r t & d  s mortality 

exceeding b0$ in French ducks while in Germany losses ranged from 

34% (~rafnor fi 1967) to 100% (Kauker. 1941; Hill, 1941). 

Kauker explained that such losses did not occur every year. 

In large duck farms of the Soviet Union, local outbreaks 

of qchinusiasis were often serious (PotemRina, 1956). Sulimov 

(1966) stated that Zchinurie is themost dangerous helminth of 

ducks in the TuvaRegion. Movsesfan (1962a) obser-red such 

outbreaks in domestic ducks and geese of MoldavPa from July to 

November. Egizbaeva (1964) noted that 56 to 100% of the ducks of 

the Tselln area were infected with average intensities of 250 to 

400 E. uncinata per bird. Garkavi (1958) found that over 300 - 
ducks of the Krasnovadsk Region perished from echinuriasls (after 
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Radfn, 1959). ~otelkikov (1961) claimed that all the ducks on one 

pond in Krasnodar were infected with g, uncinata. In a larger . 

survey, Shevtsav and Zabello (1965) recosded the oceu.rmncc of 

E. unc3,nata in domestic ducks to be 10.1% in birds up to 6,5 months - 
old, 7,2$ in birds 7 to 12 months o l d  and 0% in birds over 12 months. 

.KovaLenko and Kalchenko (1966) indioad;ed that,ovcr 12,000 ducks of 

2 to 3 months age were infected with 3, uncinata with an average 
intensity of 600 worms per bird, Petrochenko and KoteTnikov (1963) 

found that chemical treatment prevented high mortality. Over 

' 25.800 ducks in the Omsk region were treated (~elivanova, 1960). 

Wild b%rds.can serve as reservoirs for parasites of 

domestic birds (Kote~nikov, 1962). Markov (1941) found 40% of 

Qomatili,~ spectabil4s (King eider duck) from Bezyzhiannay Bay in 

Northeastern U . S , S , R .  parasitized by E. uncinata. In Manitoba, - 
Cornwell (1963) observed heavy infections with E. uncinata in - 
wild ducks* He estimated that 30% of 400 ducks perished In one 

summer,, Cornwell and Cowan (1963) found that 20% of the canvasback 

(pythya valisincria) ducklings from Manitoba and the lower Detroit 

Rives were infected with E, uncinata, Con~ell (unpublished) - ,  

stated that 75% of the wild mallards sampled in Saskatchewan were 

infected, 

In Poland, Cza.plinski (1962) found that many species of 

birds were infected with E. uncinata;. the highest occurrence was - 
3% in domestic mallards. Knudsen (1966) and Harotel and Pierron 

(1947) believed that echinuriasis was rare in Denmark and France 



respectively. A survey by Buscher (1965) in the United States 

revealed that less than 1% of the wild ducks examined were infected 

with this nematode, 

-2 The intensity of infection varies depending 

on age, sex, species and/or stress of the host, and on the exposure 

to infective juvenile parasites, 

Younger birds are more heavily infected than older 

barasp Kauker (1941) and Knudsen (1966) noted that 6 to 14 

week old birds were most frequently infected, and in Russia, 

Shevtsov and Zabello (1965) and Potemkina (1956) reported similar 

fineings. It is not clear why the youngest biras are more 

frequently infected, but one reason may be that they feed more 

heavily on invertebrates an6 become more exposed to the parasites 

than do the adults (~uscher, 1965, and others). Collias and Collias 

(1963) noticed that young dl~cklings selected invertebrates in their 

diet and generally consumed more than did adults. Bartonek (1968) 

found the same in young redheads, canvasback and scaup ducks. 

Moyle (1961) believed that younger birds have higher protein require- 

ments and select animal foods to meet this requirement. Because 

freshwater invertebrates are vectors of' 3, uncinata, the younger - 
birds probably ingest more parasites than do adults. 

Young birds may also be more susceptible to parasitic 

invasion. This higher susceptibility may be influenced by the 

production of antibodies from the bursa of Fabricius, a lymphatic 

tissue sac near the cloaca (~lson, 1965). click. Chang and Jaap 



(1955) found that the ability to produce antibodies depended on 

. the size of the bursa of Fabrfcius, reaching a peak in chicks 4 

to 10 weeks 018. Chang, Rheins and Winter (1957) corroborated 

these findings* 

The intensity of infection may also depend on the sex of 

t;he host, Sohad. (1962) found a higher intensity and e x t e n s i t y  of 

Notocutylus -- attenuatus infections in male domestic geese, Todd and 

Holl%ngstvorth (1952) Pound a higher intensity of Ascarjdia galli 

In male chickens expkrfmentally infected. Dobson (1961) sug~ested 

. that hormones may govern susceptibility. 

~ o s ~ s ~ e c i f i c i t ~  may also influence intensity of infection, 

Ryzhikov (1961 a,& b) stated that E. uncinata is limited to Anscriformes, - 
especially those in the mid-temperate regions. Ducks o,f the genus 

Anas, especially the domestic and wild mallards, appear to be more 

frequently Infected with this parasite (Crichton, unpublished; 

Czaplinski, 1962). 

Stress cap also influence the intensity of infection with 

helminths in waterfowl, Cornwell (1966) stated; 

* Parasitic disease to prevail in unstable 

situations, marginal habitats, and under 

competitive conditions. Whatever the cause, 

stress imposed 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. 



Cornwell (1963) obse~ved over 2,000 worms in one trumpeter swan 

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

found 1 to 650 E. uncinata in wild mallards examined in Saskatchewan, - 
mostly 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 l o  a Ayle~sbury duck: in hgland by Buxton, Ford 

and Munro (1952). 

Development: The definitive host becomes infected by 

ingesting third stage E. uncinata juveniles with the intermediate 

host, e.g. bphnia (Hamann, 1893). Romanova (1938, 1947 and 1948) 

found eggs of the parasite in the duckling's faeces 52 days after 

infection. Radin (1959) claimed that 48 to 52 days were sufficient, 

while ~otelhikov (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 g. uncinata 

with unembryonated ova 34 days after infection* - 
Symp%omatolo~~y: The symptoms associated with severe 

echinuriasis differ slightly in the ducks, geese and swans, and are 

well studied. . . 
In ducks, the most obvious manifestation of echinuriasis 

Is a retardation of growth and emaciation. A prominent keel is often 

seen (Cornwell, 1963). Potemkina (1956) found that- infected. birds:- - 

weighed only 200 to 500 grams, while healthy birds of the sane age 

weighed 1,300 to 1,500 grams. Marotel and Pierron (1947) and 

Potemkina (1956) thought that the malnutrition and emaciation resulted 
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from the occlusion of the proventric=ulu~, inte~fering with dPgestfon 

and absorption of food. Jarrett (1966) observed that secretions of 

enzymes and HCL decreased in cattLe infected with Ostertagia 9. 

Poternkina (1956) referred to work by Tsvetaev who observe&,disorders 

in protein metabolism in birds infected with E. uncinata., Beposi.ts 

of amylold were seen in various organs, cigi  the klcineys-, and the liver 

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

lethargy. 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 (1966) observed vomiting. Other 

symptoms include fatigue, uncertain movements., &%minished appetite, 

running of eye and nasal flui-bs,+i.ncre.a.seb uptgke of' flu2ds resulting 

in liquid faeces and difficulty in breathing associated with a gap- 

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

in some birds who balanced their head.s an their bills or held them 

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

~ o r i  and .~unro (1952) and Marotel--and ,Pierron (1947) observed mort- 

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

Knudsen (1966), Gibson and Barnes (1957) and Kauker (1941) 

po.inted out that many symptoms of E. uncinata infections in ducks - 
do not occur in geese, and that these hosts die suddenly after a 

short perfod of increased appetite. 

Moynihan and Stove11 (1955) noticed ca~hexia, emaciation 



and ruffled feathers in swans infected with 2. uncinata. Cornwell -- 
(1963) found that the infected trumpeter swan cygnet was considerably 

smaller than its clutch mates, It died 7 weeks later with its 

.proventrfculus occluded by granuloma$. 

Pathology: After ingest3.on.b~ the 'uck, the worms burrox 

into the mucosa usually at the boundary of the proventriculus and 

gizzard (Romanova, 1938). Here, hard nodules from 5 to 15 mm.in 

diameter form (Romanova, 1947). Garkavi (1958) found up to 60 nodules 

in one .duck (according to Radin, 1959). 

Rzdin (1959) stated that Skrjabin (1915) found nodules 

at the junction of the gizza.rd and proventriculus, while Henry and 

Sisov (1912) saw.them only in the proventriculus. Radin (1959) 

stated that in heavy infections the gizzard also becomes affectecl. 

Cram (1927) claimed that E. uncingta settled in the glandular  and^ - 
muscular stomach and in the small intestine. She also reported an 

infection of the air sacs, though' Kauker (1941) questioned this 

finding, 

In describing the nodules, Buxton, Ford and Munro (1952) 

used the term Mlesionsl'; ,:Cornwell (1963) called them #ulcerative 

cysts.; Kauker (1941) and Marotel and Pierron (1947) used "cysts", 

and Shevtsov and Zabello (1965) called them ngranulomasa. The term 

lesion and ulcer refer only to open sores (Pennak, 1964) whereas the 

tern cyst' simply implies a sac or capsule containing a liquid or 

semisolid substance (Dorland, 1965). According to Boyd (1961). 

granulomas are the result of a chronic inflammation, characterized 



bg- the preponderance of histioc-ytic rather than hematocytic inf iltra- 

. tion, Granulomas are highly specific reactions of the reticulo- 

endothelial system almost without exudate and vasodilatation, Necrosis 

and caseation may be observed in the center of the lesion and collogen 

may form at its periphery. The nodules produced by echinuriasis must 

be- rega.rded - as granulomas. 
Kauker (1941) stated that in early stages of severe 

echinuriasis the proventriculus has a swollen mucous membrane 

o~erlying a gray or brorm gelatinous mucosa. This layer contains 

isolated parasites, Cavities of the subserosa were crossed by many 

fibers which divided them into niches filled with nematodes and 

blootty fluid. Sn older lesions containing mature parasites, the 

granulomatous reactions were well expressed. 

Shevtsov and Babel30 (1965) described the granuloma formation 

in - E, -- uncislata infections. The juvenile worms entered the muscular 

layer of the stomach. In infectedareas, infiltration by hystiocytes 

was noticed. Muscular fibers underwent cloudy swelling. Soon, the 

hystiocytes and the fibroblasts produced a dense connective tissue 

capsule which lat-er became hyalinized. 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 living parasites were often found in larger nodules. Later, 

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

often occur in the proventriculus of adult ducks. Crichton (personal 
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comunlcation) believed these to be old, degenerated no&ules caused 

by - E, unchnata infections. 
Granulomas are often infiltrated by eosinophils and lym- 

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

infected provem~t;riculus also increased 'in size. 

The hfstopathology in geese and swans is similar to that 

in ducks (Cornwell, 1963; Moynihan and Stovell, 1953). However, 

the nodules in geese are more prominent and project well into the 

lumen qf the proventrieulus (Kauker, 1941). 

Chemotherapy: The importance of echinuriasis in the 

U.S.S.R, is reflected by the numerous papers dealing with chemical 

treatment of infected birds, Compounds such as carbon tetrachloride, 

phenothiozine, plperazine adipate and Lugolls solution have been 

given at different conc+entrations to ducks infected with s. uncinata 

with varying degrees of success (~arkavi, 1960; Kovalenko, Kalchenko 

and 13ikhailenk0, 1965; Kovalenko and Kalchenko, 1966; Petrochenko 

and ~oteynikov, 1966; Selivanova, 1966 and Vorontsov, 1962). 



METHODS 

COLLECTION OF PARASITIC MATERIAL ' 

Infective Juveniles 

Infective third stage Em uncinata juveniles were collected - 
with the help of Baermann funnels (Baermann, 1917). Large numbers 

of pulex and D. magna were collected from Site 1 (Table IV). - 
These were- broken up in a Petri dish by applying pressure with an 

inverted glass stopper, The resulting "mulch" was placed into 

Baermann funnels and allowed to stand for 1 to 4 hours. Small aliquots 

of water were then drawn from the bottom of the funnel and examined 

in a Petri dish.under I O X  magnification. Individual nematodes were 

picked out with an eye-lash brush, counted and transferred to a small 

dish containing water. All menatodes were used within several hours 

of collection, 

Adult Parasites - 
Adult or developing parasites 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 containing water. 

Viable Parasite Ova - 
Eggs of E. uncinata were collected from the uteri of worms - 

placed in a small dish with water, held at 

forceps and opened with a needle. 

the anterior end with 



TABLE IV 

Primary sampling s i t e s  of 

i n v e r t e b r a t e  - p a r a s i t e  survey 

S i t e  Descript%on 

1. F i e l d  S t a t i o n  Pond - 7.6 a c r e  pond - 5 yards  south o f  t h e  

D. W. R. S! l i b r a r y  - sampled a long 

n o r t h  shore  a t  water  depth o f  6" t o  

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

2. Baint s Pen and 
Swan Pond. ' 

- Two s m a l l ,  man-made enclosures  west of 

S i t e  1 - rece ived  water  from Field Seat ion  

Pond - b i r d s  supported i n  both pnclosures.  

3. Delta  Road Slough - Slough, h a l f  mi le  long  - 10 f e e t  wide - 
f o u r  f e e t  deep - running north/south 

a long  west edge of Del ta  Road - sampled 
* 100 yards south of  t u r n  o f f  t o  D. W. R. S. 

f requented  by wi ld  b i r d s  (Fig. 12). 

4. Blind Channel - 200 f o o t  wide channel running south of 

Lake Manitoba - half mile  west o f  I). W. 
* B. S. - f requented  by many wi ld  ducks i n  

s p r i n g  and autumn (Fig. 13). 

* Delta Waterfowl Research S ta t ion .  



In most cases, gravid females were stored up to 10 days 

in small covered dishes containingwater at room temperature. 

parasites ware killed in boiling 0.5% acel*ic acid before 

being fixed and stored in 4% formaldehyde for at least 24 hours. 

Worms were then transferred to a mixture of 90 parts ethanol (70%) 

and 10 parts glycerine. The alcohol was allowed to evaporate 

over a 5 to 6 day period. Worms were mounted in pure glycerine 

on slides which were sealed with nail varnish (mod. ~einhorst). 

Measurenents of the parasites were taken from camera 

luoida drawings and from images projected by a Bausch an6 Lomb 

projector (Nodel Try - ~hplex). Photographs were taken with a 

Pentax Spotmatic using Kodak Flus X 35 mu. film. Negatives were 

developed.in D - 76 and prints made on Kodak polycontrast paper 
developed in Dektol. 

Drawings were made from both pemanent and temporary 

mounts. The latter were maae by placing specimens on a cavity 

slide with a few drops of fixative and covering them with a large 

coverslip. Temporary slides of living specimens-were made by placing 

a few drops of water with the worms on a slide. A coverslip, 

ringed with glycerine jelly, was then applied. 



COLLECTION OF INVERTEBRATES 

Sites for the qualitative sampling of invertebrates 

were chosen nem the Delta Waterfowl Research Station (Tables IV 

and V). Samples were taken with a dip net near the shore in areas 

frequented by waterfowl. 

The invertebrates,'principall.y crustaceans, were examined 

under 10x magnification in the field laboratory ~mib identified with 

the aid of keys in Pemak (1953) and Ward and Whipple (1966) and 

the check list of Delta Marsh crustaceans by Snith (1968). 

To determine the presence of E, uncinata at -each site, a 
PI 

large sample of crustaceans was placed in a Baermann funnel. 

When parasites were found, a mord dietaflecl, quanCICa%fve examination 

was carried out on each species of crustacean. The larger 

individuals, (i.e. Gamnarus, Lynceus, etc, ) were dissected with - 
forceps in a Petri dishc The smaller crustaceans (i.e. Claaocera) 

wer.e 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 frorn Delta were cultured in five and 

ten gallon aquaria. "Pure* cultures proved difficult to maintain, 



TABLE V 

Invertebrate survey sample sites 

Site Primary invertebrates Date sampled (1969) 

Site 1 (Table IV)* Daphnia, Simocephalus, May - November 
Moina, Cyclops, DlapGomua 

Site 2 (Table IV)* Daphnia, Msina May - July 

Chad-am Bay- 

Earth - J u l y  

June 10' 

School Bay Daphn$. pulex and - June 10 and 
Daphnia magna August 20 

Lake Manitoba Daphnia magna July 17 
I 

Minnedosa Potholes Daphnia, Hyalella June 24 
* 

Dugouts in Back Marsh Daphnia pulex and May - June 
Daphnia rnagna 

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

All birds used in this study were remed at the Delta 

Waterfowl Research Station from artificially incubated eggs. Wild 

ducks.were hatched from eggs collected by Mr. Louis Duoharme. 

Delta Mallardb were.reared from eggs of an inbred population of 

birds maintained at the Field Station. Domestic mallard eggs were 

purchased from the Sunnyside Hutterite Colony.situated on the 

Asslnibine River, west of Winnipeg. These birds have vrild mallard 

plumage but are heavier and "dumpierH than wild mallards. 

Domestlc geese eggs were purchased from another Hutterite Colony. 

All these bizda ware white. All eggs of the domestic birds- were 
0 

washed in a disinfectant at 46O~. prior to incubation at 99 C. 

Day - old birds were transferred from the incubators to 
brooders in a pen built especially for this study (~ig. 2). This 

enclosure (Fig. 14) was supplied with water from a covered well, 

free of invertebrates. Birds were kept under brooder bulbs until 

fouk weeks old. The pen was cleaned daily and feed supplied twice 

daily. Birds under four rveeksreceived a mixture of an unmedicated 

commexBcial poultry grower (16$ mine protein), soybean meal (44% 

min. protein) and fish meal (60% min.   rote in). Older birds 

were fed rolled oats and soybean meal mixed with water, and whole 

wheat added to d ~ y  poultry grower. 
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XNFECTION OF BIRDS 

Trqo methods were used to infect experimental birds with 

Ee uncbnata, In the first method, birds were exposed to the infected - 
Dap'hhIa pulex and De magna at site one where they-were enclosed and - 
allowed to feed and drink water. This supplied data on naturally 

acquired infections. Unfortunately, infection intensity depended 

on the feeding an8 drinking 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 infective third stage g, uncinata juveniles introduced 

into the oesophagus with a small eye dropper, Some water was 

administesed to wash down the worms, Birds were banded for identifica- 

ion. 

AUTQBSY OF.'BSBBS 

An incision was made along the breast, to the left of the 

keel and the. body cavity w a s  .opened with bone cutters to reveal the 

gi-zzard, provenbriculus and liver. The gizzard and proventriculus 

were cut open, washed under running water,-and their inner surface 

examined under a 7x dissection microscope. Each nodule was opened 

and its contents examined. Some organs were fixed and stored in 



FAA for subsequent examination, The following data were recorded 
- 

for each bird: weight, sex and condition of each bird; condition 
\ 

of viscera; 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 (~ppendix I). 

Scientific names were taken from P. Scott's i a ~  Coloured 

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



1. INVERTEBRATE SURVEY 

During t h e  s p r i n g  and summer o f  196 8, i n v e r t e b r a t e s ,  

p r i m a r i l y  c rus t aceans ,  w a r e  c o l l e c t e d  from v a r i o u s  si tes i n  t h e  

Delta Marsh (Table  IY). Third s t a g e  j u v e n i l e s  o f  B. unc ina t a  

w e r e  found from J u l y  t o  late October i n  Jaehnia p u l e x  and 2. 

magna from s i te  one only.  On J u l y  21,  s i x  and n i n e  i n f e c t i v e  

j u v e n i l e  worms w e r e  found for  each  100 ll. pulex  and D. m a m a  

r e s p e c t i v e l y .  One week l a t e r ,  7.5 nematodes w e r e  found p e r  100 

i n d i v i d u a l s  f o r  b o t h  spec i e s .  

C rus t ace  mpled & o m  sites one t h ~ o u g h  four 

a t  7 t o  10 day i n t e r v a l s  from A p r i l  t o  October, 1969.. Other sites 

 ahla la V)  ware a l s o  examined occa s iona l l -y  throtlghoot t h e  s u m m e r .  

The numbers of i n f e c t i v e  j u v e n i l e s  o f  E. unc ina t a  per 100 c r u s t a c e a n s  

c o l l e c t e d  from s i t e  one between A p r i l  and November, 1969 a r e  given 

i n  F igu re  1x1, 

2. INVERTEBRATE INFECTION EXPERDfEMTS 

Various i n v e r t e b r a t e s  frorn Delta w e r e  exposed to 3. 

. unc ina t a  ova t o  de te rmine  i f  they would become i n f e c t e d  and t h u s  





serve as p o t e n t i a l  in t e rmedia te  hosts* Each host meciss was 

maintained i n  culture ahd examined for developing parasites, 

Seven species s f  Cladocem, two species of Amphfpsda, 

one species of Anostraca and one species af Conchost~aca  ( ~ a b 2 o  VI) 

became i r l f e e t e d  wi th  Pirst stage j~uvem%les cpf i3, unccgmata w&tlnirm 

3 hours  afker e x n o s u ~ e - t o  the eggs. Juven i l e  pak*asiter wepa 

observed 5n t h e  hemocoel a n d . i n  t h e  gu t  tuba. Only Ll. pulex Leydig 

1860 emend. Richard 1896, I). magna Stpaus,  1820, S i m o c e n w  

v e t u l u a  ~ c h j d d l e r  1858, end Lvncetra brachvurur 0. F. ~ h l e r  1785, 

c u l t u r e s  su~vived long enough t o  a3.low the papasites t o  develop t o  

t h f ~ d  stage juveni les .  The folfowing i s  a detailed account an each 

species examined* 

Da~hnia ~ u l e x s  f romra l l  s i tes,  r e a d i l y  became i n f e c t e d  

wi th  &, uncinata. Elany E c h i n u ~ d &  eggs wese not iced  i n  khe i n t e s t i n e s  

( ~ i g .  15) of i n d i v i d u a l s  minutes after exposure, and as many as 30 

f i r s t  stage j u v e n i l e s  w e r e  found i n  some after one hour ( ~ i g .  16).  

Most juvenf le  p a r a s i t e s  were observed in the dorsal hsmocoel near  

t h e  h e a r t ,  b u t  nany w e r e  found i n  t h e  g i l l  Pll;amante, abdomen, antennae, 

head and ventral carapace as well. 

Most second s t a g e  j u v e n i l e s  were dorsal t o  t h e  g u t  end 

a n t e r i o r ' t o  t h e  heapt. They were c o i l e d  and inactive ( ~ i g .  19). 



TABLE VI 

Intermediate hosts of E. uncinata - 
b 

Invertebrate Extent of observed parasite development 

- . Cladocma - 
m m i a  Du'i.ex - to third stage, found naturally infected 
Daphnis & - to third stage, foirrld. natus.aily infected 

Ceriodaphnia retlculata - to first stage juvenile in hemocoel 
Ceriodaphnia acan thina - to first stage juvenile in hemocoel 
~eriodaphnia B. - to 'third stage juvenileg 
Simocephalu-s vetulus - to third stage, found naturally infected 
Moina macrocopa - to first stage in hemocoel 
Eurycercus lamellatus - to first stage in hemocoel 
- Amphipoda - 
Gammarus lacustris - to third stage, found naturally infected 
Hyalella azteca - to second stage Juvenile in hemocoel 
- Anostsaca - 
Chirocephalopsis bundyi - to first stage juvenlle in henocoel 
- Conchostraca - 
Lynceus brachyurus - to third stage juvenile 
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the  paras i te  s eggs, 

Moina mncrocova Straus 1820: from s i te  one i n  early 
?3?3z-?S?- . - , ., 

May, 1969, became i n f e c t e d  with f i ~ s t  s t a g e  E c h i n ~ ~ r i a  two hours 

a f t e r  exposure t o  t h e  eggs. A s  many a s  f i v e  juveniles w e r e  

~ U P ~ C B P ~ P B - ~ : ~ ~ ~ A X ~ & % %  0. F. N.liiller, 1785 r f roin s i L s  
9" 

four became infected with first s tage  juveniles two hours a f t e r  

exposure, The Juveniles w e r e  n s k i ~ e d  i n  t h e  hemscsel o f  the  head 

and abd'smen. 

Alona a,: from s i t e  four, neves became i n f e c t e d  with - 
uncinata a f t e r  several, p~oldnged exposures t o  the  parasite8s BQ -..- 

eggs* 

S c a m  sac: f ~ o m  s i te  f s u ~  were never found nor - 
obse~ved with juveniles or eggs of E. tmcinata after  prolonged 

exposure i n  the " infec t ion  chambern. 

AnapbL~oda 

Ganamarena. lactrstri-I; Sars, 1865: from site t h ~ e e  became 

infected with first s tage  &. uncinata within four hours a f t e r  

exposure t o  t h e  paras i te 's  eggs. Both Echinuria eggs and juveni les  

were i n  t h e  mid i n t e s t i n e ,  Juveniles were'also observed i n  the  



U X e l l a  aet,eca S a u s s w e  18583 frcm siks three repeatedly 

became - in fec ted  wi th  f i r s t  s t a g e  j u v e n i l e s  of  t h i s  raenaatods. 

J u v e n i l e s  weke found i n  bo th  t h e  i n t e s t i n e  and hemocoel wi th in  two 

hours  a f t e r  exposuse t o  Echinuria eggs, Afte r  s i x  days,  j u v e n i l e s  

were couneed i n  t h e  head, appendages, t a i l ,  and i n t e s t i n e  of same 

Lynceus ~ P P ~ Z ~ C ~ V L P P ~ I S :  f ~ o m  sites t h r ~ e e  and f o u ~  became 

i n f e c t e d  with f i ~ s t  s t a g s  &, juveniles' t w o  hours  af ter  

exposure, J u v e n i l e  worms were seen i n  t h e  hemscool of t h e  head 

and near t h e  dorsal margin. F u l l y  developed t h i r d  stage j u v e n i l e s  

were observed i n  t h e  dorsal hemocoel after 11 days at room 

t e m p e ~ a t t a ~ a  (22O~.  ). Some indkvidueis contaAned t w o  or three  

t h i r d  s t a g e  Juveni les .  

a . r  from a311 s i t e s  w e ~ e  nevef found with 

f i r s t  s t age  &. uncina ta  a f t e r  repeated and prolonged exposurs t o  

t h e  p a r a s i t e ' s  ova, An Echinuria  egg was seen once i n  t he  a n t e r i o r  

g u t  of an ind iv idua l ,  

C ~ c l o ~ q  m,: fPom s i t e s  one and two w e r e  never seen with 

e i t h e r  &. uncinalta ova oa j u v e n i l e s  a f t e r  repeated and prolonged 

exposures t o  the eggs, 



k u a t i c  

M~squi te~ ,  chirono~aid,  hermipteran.and coleopQ;eran la rvae ,  

as w e l l  as water  m i k e s  and os t raeods  w e r e  never f o w ~ d  wi th  inges ted  

eggs s f  I2, -5%- a P t e ~  exposure i n  t h e  winfac tdon  chamberv. 

I n  srdert. t o  observe t h e  growth and deve?-optnewt sf g. 

uncAnata i n  i t s  f n t e ~ m e d i a t e  hos t s ,  Re pulex and Ee ma-, t h e s e  

' c r u s t a c e a n s  were exposed t o  t h e  parasbtera ova, and rnadntained i n  

aquaria .  P P ~ P  t o  c u l t u ~ i n g ,  i n d i v i d u a l s  were s e l e c t e d  a t  random 

and examised uwdek 40x magnif ica t ion  t o  determine i f  they had 

bechme i n f  octed, 

$., &. m i n a e a  eggs were r e a d i l y  engulfed by t h e  

and w e r e  o f t e n  seen i n  t h e  h ~ s t ' s  i n e e s t i n e s  (~ig. 15) afLer  only 

15 minutes i n  t h e  " i n f e c t i o n  cham be^^, I n  the i n t e s t i n e o  some 

eggs hatched, rolaasdag a c t i v e  j u v e n i l e  nematodes. Other wgs 

w e r e  passed before -hatching i n  t h e  Da~hmia and some eggs hatched 

o u t s i d e  sf t h e  errustaeean, though it i s  n o t  known whether t h e s e  

eggs had been p sly i nges ted ,  After hatching, t h e  small  

first stage j u v e n i l e s  a c t i v e l y  thrashed about i n  t h e  g u t  lumen, 

and w e r e  o f t e n  seen o r i e n t e d  a t  s t e e p  ang les  t o  t h e  g u t  wall.  

I n  t h e  p o s t e r i o r  g u t  region,  nea r  the post abdominal paacess, 

these worms were observed t o  p e n e t r a t e  t h e  i n t e s t i n a l  wa l l  i n t o  



t h e  hemocoel. Xn Dqahnia with many p a r a s i t e s  t h e  g u t  wa l l  i n  

th,j,s region wgs dg,rk br~.wq, irregula.8' and s t r o n g l y  contracted.  

Once i n  t h e  hemocoel, the p a r a s i t e s  moved about w i t h  t h e  body f l u i d s ,  

until t hey  became lodged i n  some t i s s u e s ,  mostly near  the heart. 

tlo~~nas~  gar@ leas fx*equen%ly seen f r a  the head, antennae, gi313. eagiasn 

and ih t h e  - p o s t e r i o ~  abdonen. 

T o  fo l low t h e  subsequent growth of t h e s e  p a ~ a s i t e s ,  

s e p a r a t e  c u l t u r e s  of ll. pulax and go were maintained a t  

rbom t&mpsrature (20 - 2d0c.) dur ing  August of 1968 at t h e  Delta 

Waterfowl Research StaLisno The worms wePe removed from t h e  

Da~hnia af te r  known p e ~ i o d s  of development and examined micrsscsp- 

ically. The 

Figure 3V. 

i n c r e a s e  i n  body l e n g t h  s v e ~  time is given in 

IL was difPBcul t  t o  dete&fne wkeh the f i ~ s t  ksul t  

occurred, p ~ o b a b l y  p r i o r  t o  168 hours. A t  seven days (170 hours) 

0.8 - 1.4 mm. l sng  warms with a hpa l ine  cap a t  t h e  head end 

wepe observed. T h i s  cap is bel ieved to be the loosened cuticle, 

j u s t  p r i o r  t o  the  second moult. Thi rd  stage j u v e n i l e s  were 

p resen t  a f t e r  10  days (240 hours). These w e r e  1.0 - 1.9 
(averaging 1.5 - 1.7 rum.) l sng ,  and possessed c l e a r l y  de f ined ,  

c h e v ~ o n  shaped primodial c s ~ d o n s  a t  the extreme a n t e r i o r  end (~ig. 21). 

Development appeared similax- i n  bo th  ~ a ~ h r i 5 a  spec ies ,  

This experiment was repeated  a t  t h e  Univers i ty  sf  

Bianit.oba wi th  a l a r g e  mixed c u l t u r e  of i n f e c t e d  2. pulex  and 

D. magna. The aquariu~n was kep t  a t  lsOc., and a l l  worms w e r e  



pbqerved & s i t u .  The few t h i r d  stage j u v e n i l e s  appeared after 

q8 d a ~ q  ( 670 hours) ,  bu* second s t a g e  j u v e n i l e s  were still follnzd 

a f t e r  39 days (940 hour s )  (see Fig.  4). 

After two weeks at I ~ ~ C . ,  soae Daphnin w e r e  removed 

a& rocullu~od at 24%. i n  o ~ d e r  t o  datn~rni~ne i f  the  

j u v e n i l e s  would mpepsnd t o  an i n c ~ e n s e d  .Lenpeo*ak.ixr>e and develop 

more r ap id ly .  After on ly  four days a t  2 4 ° ~ . ,  complete ly  

developed t h i ~ d  s t a g e  j u v e n i l e s  1.2 - 1.35 mm. long were found 

(see  ~ig. 4). 

4, FREEZING AND DESXCCATXON OF &. OVA 

W e  investigated t h e  e%fec&s sf freezing and drying ow 

the viability of 3. ova t o  a s c e r t a i n  i f  %limeas eggs 

could sux~vfvs t h e  winter i n  t h e  marsh. 

Eggs frozen for 85 days wepe dis%orted  and ~up%ured, 

When eaten by Danlan&, t h e y  failed t o  hatch,  suggesting t ha& 

they were n o t  viable a f t e r  t rea tment .  

Eggs t h a t  had been d ~ i e d  and s t sped  on f i l t e r  paper 

for 85 days ( re la t ive  humidity above 80%) were normal in 

appearance.  Many,sf  t h e s e  eggs hatched when e a t e n  by Daehnfa 

and r e l e a s e d .  a c t i v e  first stage j uven i l e s .  The h a t c h a b i l i t y  

was about h a l f  that of  u n t r e a t e d  eggs. 





5 .  GROWTH, DEVELOPMENT AND PATHOGENICITY OF 6, UMCINATA IN 

THE DELTA MALLARD 

To study t h e  growth and development of uncdnata i n  

i ts  d e f i n i t i v e  hos t ,  20 one monkh o l d  Delta  Mallards  were each 

inoculated with 50 t h i r d  stags &, j uven i l e so  Fouy b i r d s  

were taken a% randoa. evssy t e n  days and autopsiede This  procedure 

y i e l d e d  rnats~iab from b i r d s  t h a t  had been i n f e c t e d  10 to 58 days, 

The p ~ o v e n t r i c u l u s  and g izza rd  of one b i r d  f ~ o n  each set was 

k e p t  for h i s t o l o g i c a l  examination except when no o r  a few w o r m s  

were recovered from t h e  other three b i r d s ,  

Male w s r a s  from 10 day old  i n f e c t i o n s  averaged 2.05 

mm, i n  letrgth and females 2.07 mm. (see Table ~11). T h i s  

r e p r e s e n t s  a 25% i n c r e a s e  i n  l e n g t h  from t h e  t ime of i n f e c t i o n .  

A l l  worms reeovsred were f o u r t h  s t a g e  juveni les .  

Nematodes recovered From 20 day o l d  i n f e c t i o n s  a%oraged 

3.56 mm, and 3.43 nun, long fop  males and females r e spec t ive ly .  

T-his r e p r e s e n t s  a 75% i n c r e a s e  i n  l e n k t h  from 10 day o l d  i n f e c t i o n s .  

Tho p a s a s i t s a  froin two of  t h e  b i r d s  were mostly a d u l t s  w h i l e  t hose  

from t h e  t h i r d  b i r d  were ah1 f o u r t h  s t a g e  juveni les .  

Worms ~ e e o v e r e d  from t h e  30 day o l d  i n f e c t i o n s  averaged 

4.88 mm, and 5.95 ma, long for males and females  r e spec t ive ly ,  





This  r e p r e s e n t s - a  35% i n c r e a s e  i n  male body l e n g t h  and a 75% 

increase in female body l eng th ,  

Worws F ~ o m  40 day infections a v e ~ a g e d  8,67 me and 

10,4$ mm. long for m a h s  and female respectively, T h i s  pepresen t s  

a 75% increase i n  body l e n g t h  for both males and Females. 

.Wsm~s f r o m  50 day old infections sve~aged ? . A 6  mm, and 

l f , 3 7  m. i n  length f d 6  males and females r e spec t ive ly .  T h i s  

r e p r e s e n t s  an 8,5$ and 9.0% i n c ~ e a s e  i n  body Length o v e ~  46 day 

old 6~oPwa: f s ~  males  and females r e s p e c t i v e l y ,  

The most r a p i d  i n c r e a s e  i n  body length s e c u r ~ e d  between 

1 0  and 40 days after i n f e c t i o n *  The widest  v a r i a b i l i t y  of body 

l e n g t h s  was recorded for 20 to 40 day o l d  wormsr A s  the pate of 

growth din~indshed f ~ o a  $0 t o  50 day old i n f e c t i o n s ,  tho body 

l e n g t h  v a l u e s  fell  i n t o  narmsowar l i m i t s  ( s e e  Figures S and 6)*  . 

N o  t h i r d  stage j u v e n i l e s  were observed after i n f e e t i o n ;  

f o u r t h  s t a g e  j u v e n i l e s  w e r e  found i n  10, 20 and 30 day o l d  

i n f e c t i o n s  and a d u l t s  were f i r s t  seen i n  20 day i n f e c t i o n s ,  

Adul ts  w e r e  nevm under 3,00 nam, i n  l e n g t h  and f o a ~ t h  stage 

j u v e n i l e s  never over  3,00 mm. 

A l l  t h e  l2, uncinata  recovered from t h e  10  day i n f e c t i o n s  

w e r e  f o u r t h  stage j u v e n i l e s  which have s t r a i g h t ,  non anastornozing 

cordons under 0.15 mm, long ( ~ i g ,  2 2 )  and f o u r  rows of body s p i n e s ,  



FIGURE 5' . 

BODY LENGTHSOF - E.UNCINATAMALES . 

OF DIFFERENT AGES 

Third stage juveniles 

Fourth stage juveniles 

I Adults 



Third stage juveniles 

F ~ u r t h  stage juveniles 

a Adults 

Days a f te r  infection . 



FIGURE $6'- 

BOD 

Days af ter  infect ion 



Eaaal,es lacked adul% sexual  c h a s a e t e r i s t i c s ;  t a i l s  ware straigh* 

and lacked alae o r  p a p i l l a e ,  and s p i c u l e s  were absent ,  a l though 

a dense cell fopmation i n  t h i s  reg ion  suggested the Ipfcule . 1 

anlagan. Females lacked a vulva, b u t  e s p h e r i c a l  m a s s  of  cells, 

p o s s i b l y  t h e  vaginal ankage, appeared i n  t h i s  region,  A s l e a d e ~ ,  

c u t i c l e  - ' l ike  s t ~ u c t u ~ o  cownsetsd t h o  $evelaping vagina - octlljoctoa 

w i t h  t h e  eut&cltz of ehe a ~ ~ i m a l  ( ~ i g ,  25' and 26 ). 

Two rnallar~ds with 28 day in fec t ions  had p a r a s i t e s  

moultidg from f o u r t h  s t a g e  j u v e n i l e s  t o  a d b l t s  ( ~ i g r  23 ), The 

third mallard had only f o u ~ t h  s t a g e  j u v e n i l e s  which ~ e s e m b l . e d  

worms from 10 day i n f e c t i o n s ,  Bloulting of the worms in t e m p o ~ a ~ y  

water  mounts was observed, The c u t i c l e  split l o n g i t u d i n a l l y  f r o m  
. . 

t h e  t i p  of t h e  t a i l ,  a l lowing t h e  p a p a s i t e  t o  back on:.Ptself,  

as when someone p u l l s  h i s  hand o u t  of a rub be^ glove, Thuss 
. - 

t h e  completely shed c u t i c l e  i s  inside out.  Body spines and cordons 

are c l e a ~ l y  visgble on t h e  i n s i d e  of t h e  shed c u t i c l e ,  

The omefged a h u l t s  have iong ( g e n e r a l l y  over 0.25 mm.), ' 

winding cordons that snnstoxaoze. Males showed moqt a d u l t  charac ter -  

ist ics.  Tails w e r e  strongly c o i l e d  ventrad and had w e l l  def ined,  

pethtnwZ8te -pap%Jr.Bae and caudal  alae, The mall pig-hB ~ p i e u l s  
, -  . .  -. - 

was campletely f o ~ m e d  but appeared mope translucent than  t h a t  o f  

older a d u l t s ,  The l a r g e  l e f t  s p i c u l e  was completely formed 

d i s t a l l y ,  b u t  n o t  proximally,  As a r e s u l t ,  it was only s l i g h t l y  

longer  than  t h e  s h o ~ t  s p i c u l e ,  The gonad was completely developed, 



extending an to r i ad  t o  about t h e  mid p o i n t  csf,the body, The v-as 

def erens was diskended wi th  developing spe.gsm but.. the ; sesninhl 

vesicle was not apparent, 

'~amaies had well developed vulva and a vagina l i n e d  

w i t h  c u t i c l e  ( P i g *  2910 The s v i J e c t o r ,  which swings p o s t e ~ i a d  . 

from t h e  vagina, was nauscula~iaed and the ovaries appea~ed r i p e ,  

Uteri vr"epe Pil%ad with developimg e1~"ub~yos or unshel led eggs, The 

l o n g  and s l e n d s ~  opis thodelphic  o v a r i e s  w e r e  r e f l exed  about mid 

A l l  b u t  one sf the worms r e c o v e ~ e d  from 30 day i n f e c t i o n s  

weve adults, Males were sexually tnattwe and s o m e  e j a c u l a t e d  

spermatozoa when held in a m a 1 1  dish of water ,  The large l e f t  

spicule was eonlpletelp f c t ~ m e d .  U t e p i  of fentales were distendscl 

with she l l ed  ova and extended down 75% of t h e  body (~ig, 71, 

Ova d i d  not con ta in  completely formed embryos. N o  females were 

seen laying eggs. 

In 40 day infections, males w e r e  a s  descr ibed  above 

(~ig, 2 9 ) $  but larger. Females had completely embrysnated ova i n  

their uteri (~ig. 27), which exfended nearay 90% of t h e  body length ,  
i 

1 ,  . 

Some. WOPUIS laaid. t.ttdn s%sPng-s s& ohe t o  two dozen eggs which . . 
seemed connected by a f i n e  secke t ion  passed wi th  t h e  ova (~ig. 28). 

Both male and fernaxe parasites from the 50 day old 

i n f e c t i o n s  ware l a r g e r  than previously described,  The  gonads 

extended t o  58% of t h e  body length i n  males and 9 3 % . i n  females  
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In the 10 day i n f e c t i o n s ,  m a l l  l e s i o n s  were p r e s e n t  

on t h e  rnucosal lBning of  t h e  g izzard ,  i s t h u s  and p ~ o v e n t ~ i c u b u s  

of the hoste SnaU foci  of inflammation on t h e  mucosa of the 

Estmus were also vie&ble ( ~ i g e  8 ~ ) a  These f o c i  wen? c i r c u l a r ,  

s l i g h t l y  raised and ligh-ber than the sua-lrou~nding uucosa (~i g e  30)e 

Mucus was sometimes evident in t h i s  region, 

A l l  p a r a s i t e s  w e m  found between t h e  ye l lowish  mucssal 

layer and t h e   white^, downy, subnucosal layer. Most of t h e  worms 

were recovered from t h e  v i c i n i t y  of t h e  foci of inflammations, 

though a e v e ~ a l  were l oca ted  elsewhere u n d e ~  t h e  mucssa of the 

prsventr icuXus and g i z z a ~ d .  A 1 1  sf t h e  h i ~ d s  examined w i t h  2 8  

day i n f e c t i o n s  waPe parasat ized.  

I n  20 day i n f e c t i o n s ,  t h e  inflammations on t h e  isthmus 
.4 

were more pronounced than  i n  10 day i n f e c t i o n s  (Fig .  31). The 

mucosal layer was eroded about a c e n t r a l  opening i n  each nodule 

( ~ i g u r e  8 ,B) .  This  opening sometimes contained a m a l l ,  yel lowish 

..?plugn of cassous  m a t e r i a l *  The sutbmiicosa wars swollen about t h e  

opening, pink,  hardened and f ib rous ,  The p a r a s i t e s  were found 

only i n  t h e  c e n t r a l  cavikies of each granulsna.  A 1 1  t h r e e  b d ~ d s  

w&th 20 day i n f e c t i o n s  were p a r a s i t i z e d .  

In 30 day i n f e c t i o n s ,  t h e  granulomas w e r e  prominent and 

p ro jec ted  w e l l  i n t o  t h e  g u t  lumen, Thei r  openings with eroded 
, , 

mucosa, were o f t en  plugged. w i t h  n e c ~ o t i c  tissrre ( ~ i g ,  8,Ii and 38). ' 



FIGURE 8 

i+ , Diagrarunatic Cross-section of Mucosa and Submucosa of Isthmus 

Showing Pathological Reactions to g. uncinata 

Cavity 

Connective 
Tissue 

----- Mucosa ,-------, 
Caseous 
'#p,lug* 

.F 
Caseous 
"plugW 
Mucosa 
Nodule ecrotic 
Submuc plug" 

E Diagrams based on gross observations. 

A. Typical reaction observed 10 day infections. 
B. Typical reaction observed in 20 day infections. 
6.-F. Typical reactions observed in 30 to 50 day infections. (F igo  32) 
E. and F. These granulomas rarely had living parasites.(Fig. 38) 
F. Note - mucosa nearly healed over granuloma. 



The .wa l l s  of the c a v i t i e s  of t h e s e  g ~ a n u l o a a s  w e ~ e  t h i c k ,  f i b r o u s ,  

f i ~ i n e r  c l o s e r  t o  the c a v i t y  and softer f a r t h a ~  away, Many of t h e  

granulloa~as l a cked  parasites, Znstead,  large necrotic i r r e g u l a r  - , I  

masses f i l l e d  t h e  cavities m~ma2l.y o~cwp&od by t h e  worlnts 

( F i g *  8,E; 8 5 0 ~ s  33 and 34). 

In 40 day infection. ,  granulomas ware  large^ and t h i c k i r  

t h a n  t h o s e  i n  30 day i n f e c t i o n s ,  All the worms wepe l o c a t e d  i n  

the relatively s m a l l  c a v i t i e s  at t h e  c e n t e ~  of t h e  nodules .  

c ioudy  'f l a i d ,  presumably lymy;h, and n e c r o t i c  d e b r i s  were common 

i n  the c n v i t i k s  b o t h  with and wi thout  parasites. Only two of 

t h e  f o u r  b i r d s  examined had parasites. 

Many wabler  and less p ~ @ & n ~ e ~ . %  g~m-X+a&a wepa 

i d  b i r d s  w i th  56 day i n f e c t i o n s ,  Often t h e  mueosal layep had 

complete ly  hea led  o v e ~  t h e  g r a n u l o m a s , ; ~ ~  t h a t  no openihg was 

evident. The central cavities of many w e r e  coruplstely f i l l e d  

w i t h  a n e c r o t i c  m a s s  ( ~ i p .  8 ,F) .  A few s f  t h e  granqioaas ha,G 

tiny c e n t r a l  cavities without  any neePo%ic t'aaterial o~ pakss%tes, 

Only ope of the fqur : b i r d s  exzanlibn~d''b,ad parasites, 

MALLARDS OF DIFFERENT AGES 

Four groups s f  f i v e  Del ta  Mallards were adminis te red  

t h i r d  stage F2. une ina t a ,  50 pep bird. The f i r s t  g ~ o u p  was 



infected when the bimjs were one week old, t h e  other three groups 

when t h e  b i r d s  were one, two and three months o l d  respectivelya 

All birds wepe autopsAed 40 days aftes indculatisno 

G ~ s w t h  and gml 
-rCIT-\ 

All birds  i n f e c t e d  at onc'weck had an avorage of 21 

w o r m s  per b i ~ d  wPmensl aueopsiec?. Male worms ave~agad 8.54 ma 

long and females 10.57 mm. (Table ~ 1 1 1 ) ~  

- A total of 79 wo~rpls were recove~ed f ~ a m  t h e  m a l l a r d s  

i n f e c t e d  a t  t h e  age o f  one month, Males averaged 7 , 9 2  mm. long 

and females 8,26 mm. O n e  of the f i v e  b i r d s  had no parasites at 

the t h e  of autopsy, 
. . 

Four o f  the five b i r d s  infected a t  two rnoaths wore 

parasitized a f t e r  40 days with a t o t a l  of 34 w o r m s ,  Male papas i tes  

averaged 6.24 long and females 4,6$ raam. 

Three of the five b i r d s  infected at three months had a 

total  of 2.9 &, raaac8aaaa when autopsied. Males averaged 6 ,36  long, 

and females 6.90 me long, 

Granulomas of b i r d s  i n f e c t e d  at one week wepe general ly  

l a r g e ,  t h i c k  - walled and located  on the isthmus. Many contained 

necrotic debris and w o r m s .  Sometimes, when parasites were present,  

a large green casesua mass was found i n  t h e  cav i ty ,  





Granulomas of b i ~ A s  

walled and contained white o r  

i n f e c t e d  at one month were th ick  - 
yellow caseous material i n  t h e i ~  

Granulomas of b i r d s  infectah a t  two months had th ick  

walls., and w s s e  sometdmas compiet,ely s o l i d .  Yellow o~ white 

necrotic debr-is was generally .found i n  those granulomas that  
I .  

had a cav i ty .  In one case, some worms were found'  outs ide  t h e  

granulona, i n  a mucus overlying it, 

G~anuSoaan f ~ c y  birds i n f e c t e d  at t h r e e  monP;ks were . . 

also th ick  - walled and contained green or. w h i t e  necrotic debr i s ,  

sometimes with pink coloration suggesting i h e  presence o f  hlood . 
. ,I 

Small scars, p~ci-bably remnants of old, degenerated. granulomas 

were present  i n  several b i r d s ,  
s .  - --. . - 

7; GROIV!l!H, SURVIVAL AND PATHOGENICITY' OF I?,. UNCINATA IN DIFFERENT 

WATERFOWL SPECXES 

. . 

Two sparate  experiments were cakried out, one in 1968 
: ,  < -  

and one i n  1969. - .  In t h e  former, 16 b i r d s  ( 8  species. 1 subspec ies )  

w e r e  given access t o  the  F ie ld  S ta t ion  Pond (site one)#" an area 

with  abundant i n f e c t e d  with &, . B i r d s  were 

examined 42 and 43 days a f t e r  t h e  &art  of t h e  experiment. The 

. r e s u l t s  are s u m a ~ i z e d  in Table I X .  



TABLE I X  

Waterfowl With Naturally Acquired Infections of E. uncinata 
--- 

Infeebi.sm- Nwi Pam~&te- 
Most Age* Sex . : .-Age@-. Nodules: No. Weight 

Anas strepera 
I__- 

42 female 21 , 30s 1,000~ 165 gr. ' 

male 43 10 

male 

male 

1,134 gr. 

female 43 6 

male 42 4 

female 42 2 

fernale 43 - 
female 43 - A. - cbgpea.ta - 

, . 

Aythya gnericana 

518 gr. 

male 43 - 786 gr. 

717 

438 gr. 

425 gr. 

4,791 gr* 

male 42 

Oxyura jamaicensis female 42 1 

Oxyura Jsmaicensi s 

Anser domesticus 

female 42 2 

female 43 16+ 

, . 

* Days 



Patho- & Naltrtpal .  Acesu%r°ed X w f e c t i ~ n w  

A gadwall, Anas ~ R t ~ e n e ~ a ,  died 2 1  days a f t e ~  t h e  stapt 

of t h e  experiment. This b i r d  was s e ~ i o u s l y  . emaciated - and weighed 

on ly  165 grams compared to the normal weight of 5 0 0 ' t o  550 grams 

f OP a healthy gadwall s4? Bke sa1e age (oping, 1968). The p ~ a v e n t -  

r i c u l u s  ( $5;0 x 30.8"mm.) wag rema~kably swollen and inflamm-ed. 

TaXJ,, bloody pwaslce ok: p~.ovenaP;riceaius eiseiue pro jec ted  through the 
. s  

thick (25,O me) mucus jelly sve~lying t h e  entire organ. Over 
' 1 

1,000 parasites were fomd both i n  t h e  mucus and stomach t i s s u e s *  
' , I  

Two w i l d  mallards, Anaa s 

had an average of 8 large g~anulonrss  -from 3.0 by 5.0 mm. t o  11.0 

by 1 5 , O  me, near %he i s t h u s  only* Mucus-ofeen nosddish i n  

c s l o u ~ ,  poss ib ly  evidence of bleeding, accompanied t h e  g~anulsrnaa~ 
, L 

Two domestic mallards, Anaq pka ty~hg~nchos  damesticus, 

had an average  of 10 large granulomas ranging i n  size f ~ o m  7.0 by 
. 3 ,  

9.0 mm. t o  11.0 by 15.0 mm., on the ikthmus i s  a cont inuous band 

of h y p e r p l a s t i c  oonneetiue tissue w i t h  intepconnocted c a v i t i e s .  

One bird had a g ~ a n u l s a a ,  7.0 by 7.0 m., at t h e  junct ion  OF t h e  
. . 

p r o v e n t r i c u l u s  and oesophagus. The  granulomas, o f t e n  p ~ o t r u d i n g  
,-' 1,- I I (  ' .  -j 

6 or" 7 nun.  to tihe lurned o f  t H e  sCdaacK, contained l a r g e ,  ye"llo* 

n e c ~ s t i c  p l u g s  i n  t h e i ~  c e n t r a l  c a v i t i e s  and openings. 

Two p i n t a i l s *  Anas acuta ,  had an average of 3 low p r o f i l e  

granulomas ranging froxu 1.5 by 1.5 me t o  5.0 by 5.0 in s i ze .  

S e v e r a l  had .yellow, necrotic m a t e r i a l  i n  t h e i r  nodule c a v i t i e s .  
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One of t h e  two ~uddy ducks9 O X V U F ~  jamaicl~?n~&'f5~ ha& 

a smell  s o f t  nodule 1.0 by 1.0 m. on t h e  isthmus. The &her 

had t w a  granulomas, One was large (14.0 by 14.0 mm,) and appeared 

rnuseularized, with abundant caseoue m a t e r i a l  around t h e  p a r a s i t e s  

i n  Che ceatral eav&&y. 

A c a n v a s b  &&&g~,~&i~&gg&g, had tl-e g~anwJIomws3 

7.0 by Be-Q me e.0 lO.,O by loo0 mm, l oca ted  on t h e *  iskhllaus. A 1 1  

t h e  worms (10 - 20)  found i n  this b i r d  were under 3*0 nm. long. 

. Redheadsp a m e ~ i . ,  and s h o v e l l e ~ s ,  Anas 

' .c lspeatgs_,  had nei%har parasites nor g~ianulomaa. A Few small  sears 

were presen t  on the is thmuses of t h e  shove l l e r s .  

The domeqtic goose, Anse~, domesticrts ,  had s i x t e e n  X a ~ g e  

(up  t o  8.0 by 10.0 mm.) granulomas. Eight  were located  a t  t h e  

$unct ion of t h e  oesophagus and proventricnl.us,  four wepe i n  the 

'g landular  por t ion  of the proventr iculr ts  and four  along t h e  

i s thmus  which a l s o  had o the r ,  smal ler  l e s ions .  The l a r g e r  gran- 

ulomas wePe h e e m o ~ ~ h a g i c .  

I n  1969, another experiment was carried o u t . w i t h  57 

birds (eleven species and one subspecies).  Each bird was 

adaidia.P;e+e*d 50 4;hiH"' s t a g e  j u v e n i l e s  of F,, unc&g$&,wktm t h e  

b i r d s  were 15 t o  19 days old. The b i r d s  were autops ied  $0 days 

a f t e r  i n f e c t i o n ,  



Growth and Surv iva l  - 
Delta  Mallards  had s t o t a l  of 22 wormB wi th  only one 

b i r d  of f i v e  p a r a s i t i z e d  a t  t h e  t i m e  of autopsy, Male w o r m s  

averaged 6 -49  mm. and females  7.63. mm. lonp (Table x). 

Domestic ma l l a rds  had an average of 26 p a r a s i t e s  per  

b i r d  and a11 s i x  b i r d s  wepe i n f e c t e d  when autopsied.  The worms 

averaged 8,21 mm, and 10.13 mm. i n  l e n g t h  f o r  males and females 

r e s p e c t i v e l y  ; 

A l l  gadwalls  w e r e  p a r a s i t i z e d  with an..average of 23 ,worms 

when autopsied.  Male worms averaged 7.56 m. and females 7.96 19m. 

i n  length.  

Four of five p i n t a i l s  were p a r a s i t i z e d  when autopsied.  

The t o t a l  of 73 w o r m s  had mean body length of 6.27 tm, and 6043  mm. 

for males and females r e s p e c t i v e l y ,  

Only t h ~ e e  of f i v e  b l u e  - winged t e a l ,  Anae m, 
survived  f o r t y  days a f t e r  i n f e c t i o n ,  and were n o t  parasitized 

when autopsied.  The o t h e r  two teal, k i l l e d  by o t h e r  b i r d s  23 

and 24 days a f t e r  i n f e c t i o n ,  had one worm each, 

Four p a r a s i t e s  w e r e  found i n  a  s h o v e l l e r  duckl ing  which 

was killed 1-1 days after i n f e c t i o n  by o t h e r  b i r d s ,  Four other 

s h o v e l l e r s  which survived t h e  4O day experimental  per iod,  were 

n o t  parasitized when autopsied,  

None of five redhead duckl ings  h a r b o ~ e d  p a r a s i t e s  

when autopsied.  



TABLE X-. 

Different Waterfowl Species Artificially 

Infected With 2. uncfnata 

- 
Ave. Ave. X Body l e n g t h  Body length 
No. No. Male worms, Pemake worgs 
Worms Nodules 2 95% C . I .  95% C..I. 

DI 

Anas platyrhynchos - 

A. stsepera - - 
A. acuta 
_ _ _ Y  

&e ~&.SCDX 

Aythya anerllcana --- 
' - A. affinis - 

Oxyura jamaicensfs 
- x u - - -  

Anser domest,icus 

* Body length + 95% confidence interval in mrn. - 
** Body length taken from a single worm. 



Lesser ecaup duckl ings,  A y t h a  s f f i n i s ,  had a t s t a l  of 

20 ' pa ras i t e s .  Only one of  five b i r d s  was p a r a s i t i z e d .  Male 

wosns ave~aged 6.70 m. and females 6 . 3 3  me in l eng th ,  

All f i v e  common e i d e ~  ducklings,  Somateria 

&~a~ae~i, d&ed befose- %he sck'edktlled autopsy date, Znspec&iom of 

the a i r  sacs mvealed nodales s i w g l a , ~  to  t h o s e  of a s g e r g i l l s s i ~ ~  

A l l  birds had papasites when th~37 died, The longest  e u ~ v i v i n g  

bird  ( 3 3  days a f t e r  inoculat ion)  had twenty parasites which 

averaged'8..40 and 10.85 m. i n  l e n g t h  for  males and females 

r e s p e c t i v e l y ,  

Two of f o u ~  ~ u d d p  duckl ings  were p a r a s i t i z e d  with one 

WOra ,  eachE worlen, a female, was 9.24 me long. 

When autopsied, two s f  four  domestic geese had a t o t a l  

of 1 4  -nata which averaged 6 .h6 mm. and 6.26 me long  for 

males  and females r e s p e c t i v e l y ,  

None of f o u r  coots ,  Fukica arnericana, had p a r a s i t e s  , 

4 O  days after i n f e c t i o n .  

Xn., D&$.& Elar"BIiwkds, an. iavec'age of t h r e e  granulomas per 

b i r d  was found. A l l  granulomas wePe loca ted  on t h e  isthmus. In 

one b i ~ d ,  two nodules  with small  worms (about  4 mm, long)  contained 

yel low n e c r o t i c  mater ia l .  A t h i r d  nodule with l a r g e  worms (9.00 - 
11.00 mm, l ong)  lacked n e c r o t i e  mater ia l .  Some of t h e  birds 



without paras i tes  had low p ~ o f i P e ,  s o f t  g~anaulomaa. In others,  

harde~ and more prominent nodules with "glycerine - jellyn l i k e  

p lugs  were seen, 
\ 

D.omes.4;S.c maJ-lards had an a v k ~ a g e  of 3 .5  granulsrnas 

per b i ~ d ,  All granulomas w e ~ e  lcsea$ed wear t h e  isthmus, and 

m o s t  contained white, casesus material i n  the  central c a v i t i e s  

which o f ten  adhe~sd to the p a ~ a s i k e s ~  Some granulomas contained 

green QP brown "glycerine - j e l l y n  like plugs* A few contained a 

c l e a r  f l u i d  with paras i tesr  

Gadwalls. had an average sf 3*2 g~anaaall~~aa wear the  

i stbus m a s & l p  w i t h ~ u t  necrot%c IE&@kialo 

P in ta i l  s had avemge sf 3.6 omae at the  

i &%kus which usually nate~ia3. A 

few had a white, elcbudy f l u i d ,  and in one the lining of the  cavity 

was reddish. Most nodules had t k i e k  fibrous walls and relatively 

small cav$t$ga, 

No gpanulsmas were present fn the  blue - winged teal 
which gtwvived t$O days a f t e r  infect ion.  h 1 y  small ( l . . O '  me 

by 1.0 mm,)  sears were noticed on t h e  isthaus.  A different 

s i t u a t i o n  ex i s ted  i n  the  two t e a l  which were killed a t  23 and 

2 4  days following insculat'isn. One b i ~ d  had 3 nodules, two 

f i l l e d  with large yellow "plugsnp and the  third with a h a ~ d ,  

green, necrot ic  nplugn. The other t e a l  had a large, white 



caseous plug i n  its s i n g l e  nodule (Figo 38). 

Two small nodules were pxQesent i n  the shove l l e r  which 

d i ed  11 days a f t e p  inocu la t ion ,  but only m a l l  scars were p ~ e s s n t  

on the i s t b u s e s  of t h e  o thep  s h o v e l l e r s o  

The l e s s e ~  scaups had an avemge of 2.6 granulomas, 

usuakly csn6aining nm~a%ic materiaXo either t h e  yellow, easeous 

type o~ t h e  green, ng%ycerPns - j e l l y w  %mec A f & w  of the  nodules 

w o ~ e  s o l i d  connect ive t i s s u e  w&thout a c e n t r a l  cavity. 

Eidep duckl ings  had g ~ a n u l s m a s  confined t o  t h e  istlhmuses. 

The nodules lacked openings in t h e  33 day i n f e c t i o n ,  though 

w m m s  were present. -White and yellow caaesus  ma te r i a l  was 

present i n  these nodules. 

Two of t h e  f o u r  ruddy duckl ings  had t h i c k  - w a l l e d  

granulomas. The o t h e r  two b i ~ d s  had only inconspicuous scam 

l o c a t e d  on t h e  isthmuses. 

A t o t a l  of n i n e  granulomas were found i n  f o u ~  donestic 

geese. Seven nodules  were l o c a t e d  a t  t h e  junc t ion  of t h e  

oesophagus and pasven~riculus ( F i g *  3613 t h e  o t h e r  two wepe on 

the is.i2;hmzasr A1-1 granulomas contained large,. fr~egular p l u g s  

oQ- ys3;ls~q cassous na-P;e~ial ( -~&g .  33 and 34). 

No g~anulsmas were p r e s e n t  i n  any of t h e  coots ,  

However, a band s f  n e c r o t i c  mucssa w a s  seen a t  the j unc t ion  of 

t h e  p roven t r i cu lua  and gizzard ( ~ i g .  37). 1 was unable t o  



determine whether OF not t h i s  band was t h e  mpssrrlL of eck inur~ ias i s ,  

8. GROWTH, SURVIVAL AND PATHCGElfCITY OF E e  IN DELTA 

. . Eigh*. Delta Mallards, about one aaemth o l d ;  ~vea-e ia~rzrnged 

in f o e a ~  pairs; one pair  ~ecesive-dtr 1Q6, a n o t h s ~  250,  ano8;hap 500 

and the other 758 third stage H e  .tm&na%ab All b k ~ d s  were 

autopsied $0 days later, 

Of the two b i r d s  which ~ece ived  1QO papasiees aaeh, 

one had 13 and the  stkeno none a% the kkne OF auCdpqy. The male 

WOPD~S 'averaged 5.61 m, and fema1es 5.54 nank i n  length (~a'ble Z[X ). 

The two b A ~ d s  which received 250 parasites each had 

40 and 66 w s ~ m s  when atxtspsied, Males averaged 7,24 and 

femasss 7.76 m c ,  I ~ n g ,  ' 

The two naXlaz-ds which had received 500 paras i tes  each 

had 107 and 218 worms averaging 8.68 ram, and 9.56 mn. in length, 

Often, wbmhs. f r a  ans g~anulsma. we.~e nciti-ce8bZy lisr&er" t%am 

those from an adjacent nodule. 

One of the  two birds which had received 750 parasites 

each had 179 worms averaging 9.52 am. and 11.22 mm, long f o r  

males ., and . "  females respect ive ly .  The other bird had none. 



TABLE XI 

E. uncinata infections of different - 
intensities in Delta Mallards 

SC Sex, Weight; Infect- No. Re- Nodule Body length 2 95$, C. I. 
(grams) ion No. covered. No. 

Male worms Female worms 

Female 1,088 100 

Male 1,160 100 

Nale 1,025 250 

Male 1,025 250 

Female 1,085 500 218 

Male 1,169 500 107 

Female 1,034 750 

Female 1,069 750 

* Confidence interval in m. 



AX1 g~sntalomas fsraied d w i n g  this experiment were 

located on t h o  is thmuses of these b i ~ d s .  

The two biads which n*aceivad 100 p a r a s i t e s  had t h ~ e c  

and six granulomas ueuaily conta in ing  caseous mateisal which 

f i l l e d  tho central cavities and,pJaggsd the  openings, 

The two b i r ~ d s  whach received 250 p a r a s i t e s  had t e n  

g ~ a n u l s m a s  each. Some sf the nodules can%ained yel low eaaeous 

material while o t h e ~ s  were f i l l e d  with  a c l e a r  OP elo~~dy f l u i d ,  

The two birds  which ~ e e e i v e d  566 papasites  had s i x t e e n  

and twenty - a i x ' g ~ a n u l a m a s .  These were crowded i n  a hand along 

the isthtcus, The f i b ~ s u s  wax19 of ad jacen t  nodules were contknu- 

ous,  forming a r i d g e  of connective t i s s t m  wi th  a series sf c a v i t i e s  

f i l l e d  with p a r a s i t e s  and caseous mater ia l .  

One of the two b i r d s  which received 758 parasites had 

seven granulomas, t h e  o t h e r  s i x t e e n ,  The former had no pa~aaites. 

Its granulonas wepe heavily wa3led with b a ~ e l y  discernible.  

c a v i t i e s ,  t b e e  of which contained b i t s  of greenish ,  necrot i c  

debris .  The o t h e ~  bird  had nqmerous parasites i n  t h e  cav i t i e s  

&&ong the ~ & d g e -  oP fibt.waa t i s s u e ,  Seven s f  these c a v i t i e s  a;Lso 

conta ined  some caseous material .  



9 ,  OBSERV'AT%BXS ON TT33 LONGEVITY OF ge UNCZNATA IN MALLARD DUCKS 

. Twelve, j u v e n i l e  Del ta  Nallards were captured in l a t e  

summer (1968) on t h e  F i e l d  S t a t i o n  Pond a t  the Delta t ia terfowl 

Research S ta@lan ,  They w e r e  reared here and w e r e  t h u s  exposed 

t o  R e  wmcinatt. which was p r e s e n t  i n  t h e  pond (site one), 

D ~ ~ i e g  t h e  winte~ and dplring, a f e w  b i r d s  were saerifiecld at 

intervaas t o  determine i f  t h e  p a r a s i t e s  p e r s i s t e d ,  Two wild 

m a l l a r d s  from t h e  b~eeding s tock  maintained a t  t h e  Field Station 

'were a l s o  examined i n  early summer of 1969 (see Table XIH). 

Growth and S u ~ v ~ v a l  
.D- - -ilCLI 

In one female Delta M a l b a ~ d  with an est imated eigM 

month i n f e c t i o n ,  sixteen r e d d i s h  3, gnc ina ta  w e r e  found, The 

red  eo lour  instead of t h e  usual cream, may have been due to 

.b leeding i n t o  t h e  nodule cavity. The female p a r a s i t e s  were 

abo& 8 ma, Song, 

Xn a wild m a l l a r d  wi th  an es t imated  ten month infec:P;ion, 
! 

eighty  - t w o  r e d d i s h  wolrms were found, Fetfiales weY'e between 18 

and 2.0 long. In ano%her wild m a l l a ~ d  with an e&tdmia~ed 

eleven month i n f e c t i o n ,  forty - nine  c r e a m  colsuaed worms were 

found, Males were 30 t o  1 2  nun, long and f e m a l e s  1 3  t o  17 

This b i rd  probably d ied  of t h e  &. imeinata i n f e c t i o n ,  

One female Delta Mallard wi th  an es t imated  twelve 



TABLE XPI 

Observations on Old, Naturally Acquired - E. uncknata 

Infections in Mallard Ducks - 
, + - - "  %. 

Estimated No. Parasite 
Sex Weight Age% Nodules No. Remarks , 

grams Znf ection Found 

Female 986 6 weeks 7 350 + Bird in emaciated condition 

Female 754 ?months -. - Small scar present on isthmus 

Ma1 e 935 7 months 2 - Green necrotic material in nodules 

Female 1,020 8 months 3 16 Worms reddish, caseous material in 
nodules with worms. 

Nale 1,053 8 month& 3 - All nodules closed, necrotic debris 
present in nodules. 

Male 1,032 9months 2 - Modules closed, other scars present 

Female 852 9months - - One small scar on isthnus 

Male 1,098 9$ monehs - - 
Female 878 92 months 2 - 
Female 1,203 10 months 1 - 
Male 1,101 llmonths 1 - 
Female 1,248 12 months 6 398 

Male*" 1,155 10 months 2 82 

Male** 830 11 months 4 49 

Four small scars on isthmus 

Caseous material in one nodule 

Caseous'material in nodule 

Caseous material present 

Nodules thin-walled, filled with 
fluid. Bird with deformed liver. 

Nodules thln-walled, filled with. 
bloody fluid. Many parasites dead. 

Nodules filled with caseous material. 
Bird believed died of echinuriasis. 

* Estimated age of inrection equals age of bird. Based on date of 
fPrst exposure to Field Stat'ion pond - only applies to Delta Mallards. 

** These two blrds were wild mallards, both adults? . ., -. .. :. . , 



month infection, had 398 parasite&, The large, arboat 20 ma, 

long, fengale &, uneinata had reddish anterior° endso 

The De1.b;xEIallap.d w i th  the eight mosneh infec t ion  hzcl 

*bee  anall granubomas, and one cantafnedassft, yellow, n e c ~ o t i c  

*cpsam* with papasite  eggs, spicules and pieces of dead worms, 

Tho w i l d  ma%Pa~d with t h e  t e n  msnth Anfeetion had two 

l a ~ g e  g~aoulonas and several smalla~ ones located on the isthmus. 

Tho largest (25 x 20 x 28 m,) had a sphepical shape maintained 

by tui-gop pressupe sf t h e  bloody fluid inside its thin, fleshy 

w a b k , ~ ,  F I f k y  - twe dead &, 

adhering ti0 theif cutfeHes w e r e  

slbghtly decsnposed w'dch suggested recent death, The second 

granuloaa, 12 x 15 m,, also had thin walls and contained grayish 

f l u $ d  and fh4rty living parasites.  

The wi2.d mallard with t h e  eleven msnth in fec t i sm had 

four granulomas averaging 9.5 by 7.0 me on the isthanus* These 

blocked the opening bekween the proventrictalus and gfzzsa~d, 

probably causing the severe ernacfatian and death sf t h i s  bird. 

 here was no blood in these granuloass, but bleeding was evident 

in the overlying rnucasa. Each nodule contained worms and yellow 

caseous mate~ial, 



The Delta 'Mallard w i t h  t h e  osti iaated twelve month 

i n f e c t i o n  had six gr~anulsmas iave~aging PO by 12 m, Their  

bav i t i o s  contained f h i d  akd p a ~ a s i t e e  ( ~ i . g .  35 ) .  N o  necrot i c  

m a t e ~ i a l  OP blood was seen, T h e  body cav i ty  oP the b i r d  

contained a c l e a ~  f l u i d  and the liver appea~ed  ci~~holbc. T h e  

left lobe tu"QS t h i c k  and white and the ~fgfa.8;. lobe a-ad w i t h  a, 

yellow niot.r;led p a t t e ~ n .  The bird a p p s a ~ e d  healthy a t  the t i m e  

of autopsy. 

The other Delta Mallards-with estimated seven t o  eleven 

and a half month infectionso had no &. tanbcbr%q$a when autopsied, 

but all birds showed evidence o f  previous infe@t%sns, Some 

had well developed grrnntalomes csntxx&n$w& Bard9 g ~ ~ e n  03 h ~ o w n  

nemstf c masses. Othe~a were filled with yellow easssus m a t e ~ i o l .  

The mucosal layer had healed over the  openings sf many sf t h e  

Barasite - free nodules. Some birds had m a l l  scars on the 

i s t h m u s e s  suggesting p ~ e v i o u s  i n f e c t i o n s  w i t h  



DISCUSSION 

The results of my investigations were statistically 

analysed and compared to other published data. Proper statistical 

evaluation was hindered by the fact that in some cases relatively 

few experimental animals were used due to limitations in time, cost 

and facilities. Another disadvantage to the statistical approach 

stemmed from the high morphological and presumably, physiological 

variability of the Delta Mallard. These ducks originated from the 

McGraw Hal-lard, developed from a domestic duck X wild mallanod cross, 

Delta Mallards have therefore inherited considerable gene diversity. 

The lack of selection pressure on these captive birds may have allowed 

a higher frequency of unusual phenotypes to appear in the flock. These 

two facts night acc~un~t for wide varfation in our 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. AJI estimated 30% of the ducks 

on the Field Station Pond (site 1) and a valuable trumpeter swan 

cygnet died of Echinuria infections. Crichton (1969) found 3. uncinata 

in wild mallards and pintail which dwell elsewhere in the marsh. 

Infective .juveniles of E. uncinata were found in the Field - 
Station Pond. in 1968 and 1969. In mid July, 1968, juveniles were 

first found in Daphnla pulex and.D. rnagna. However, it is probable - 



that the worms were present in the pond as early as late Hay. 

Samples taken in late October still contained parasites. 

In 1969, more extensive sampling and more careful examinattons 

revealed the presence of the parasites earlier than in 1968. Ice on 

the pond melted by mid April, and by late April-the first Daphnia 

appeared. In late May, the first parasites were found in the crust- 

aceans. This is interesting for *NO reasons; first, the appearance 

of parasites in late May, 1969 supports the contention that Echinuria 

juveniles were also present in late May, 1968; second, the appearance 

of parasites one month after the first occurrence of Daphnia suggests 

that Daphnia must have become infected immediately after hatching from 

ephippia. The average water temperature between late April and late 
0 

May was about 15 C., a temperature at: which the parasites require 

30 days tonature in Wphnia (Fig. 4). 

Figure 3 gives the numbers of third stage E. uncinata - 
juveniles per 100 cladocerans from the Field Station Pond from May 

to freeze - up. This histogram shows the changes in numbers of parasites 

in the intermediate hosts from May to November, but does not give an 

indication of the total numbera of juveniles, as no es-birnates of the 

size of the cladoceran populations were made. 

In ~aphnia 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, only one or two worms per 

100 D. pulex were found. In the following months, this host became - 
so uncommon that further examination for parasites was not warranted. 



Eron mid. August to early September, Silnocephalus vetulus - were 

frequently present in our samples. Five to six parasites per 100 

So 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. increased from late May to early July when it started 

declining, as it dicl in 2. pul?x, The reason for this decline is 

unknown, but a possible explanation is that a Daphnia bloom might 

have occurred, as recorded for .Daphnia in this'.pond by Collias and 

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 juveniles increased rapidly in 

mid July.and reached a peak of 108 parasites per 100 - D. mapa in 

early August. This period of rapid increase occurred approximately 

50 days after the first infective juveniles were found in the pond. 

Ducklings present at that time might have becone infected. Their 

Echinuria would then have.released ova into the pond in early July - ,L ..., *- , 

thus causing a rapid increase in the parasite - host ratio in m i d  July, 

After leveling off in August, t.he number of parasites declined to 14 

per 100 g. magna in November. - 

The r,atio 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 collected in 1968 were taken at 

a time when the ratio may have been particularily low, as it was during 

the same period in 1969. Also,.all Daphnia, regardless of size, 



were examined in 1968, while only the largest were examined in 1969. 

The smaller B p h n i a  have predominantly first and second stage juveniles 

which.are not readily detected by the "squash techniqueH. Consequently, 

many parasites nay have been overlooked in 1968 samples. When only 

the largest Bphnig with predominantly third stage juveniles were 

examined in 1969, fewer parasites were missed. 

In 1968, E, uncinata juveniles were recovered only from - 
Daphnia from the Fleld Station Polid. In 1969, more-extensive exam- 

inations revealed that these parasites were more widely spread. On 

.March 22, 1969, a single, third stage juvenile was found in a Gammarus 

lacustris from the Blind Channel (site 4). This demonstrated that 
_3_.- 

an amphipod could vector g. uncinata juveniles and probably support 

them through the winter, Subsequent samples of Gammaamv.a- fron thls 

site were negative. In early June, third stage juveniles wePe found 

in Daphnia from Baints pen and the Swan Pond (Site 2). Both pens 

received unfiltered water from the Field Station Pond. Parasites 

were also found in Daphnia from *dug - outsH excavated north of the 
new hatchery facilities earlier in the spring. These "dug - outsM 
received the effluent of a large, wild mallard breeding pen which held 

over 100 adult birits. One of these birds,was later found infected 

with E. uncinata. - 
The epizootic of E. uncfnata at Delta is similar to those - 

reported from Eurasia. At Delta, this parasite occurred in stagnant 

pools used by waterfowl. The nematode was most abundant in mid 

summer and was limited to specific areas. Shevtsov and Zabello (1965); 



Pobemklna (1956); and others reported that echinuriasis was most 

serious in small, stagnant ponds intensively used by ducklings. 

Novsesian (1962) found the highest extensity of acuariid juveniles 

i-n Daphnia in mid summer. ~ot'el!nikov (1961) reported that all duck- 

lings which used a pond with Dsphnfa 2% of which were infected with 

juveniles, were parasitized by E. uncSnata. Venn (1954) noted that I 

the incidence of eohinuriasis was high in birds using stagnant pools 

but low when birds used flowing water. Potemkina (1956) stated that 

E. uncinata outbreaks occurred in limited areas or foci. - 
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 here and take refuge during the hunting 

season. Cpnsequently, this pond is probably the main source of 

echinuriasis in the Delta Marsh. 

E. UMCINATA INFECTIONS,INCRUSTACEANS OTHER THAN DAPHNIA PULEX 2. - 
AND 2. MAGMA. 

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

potential crustacean hosts. Experimentally, he was able to infect 

Gamarus a., Asellus aquaticus (Isopoda), Ceriodaphnia 3. and a 

cyprid (~stracoda) with - E. uncinata by exposing these crustaceans 



to the parasite's eggs. His findings prompted our investigation. 

We found that five species of Cladocera (besides ~aphnia), 

two Amphigoda, one Conchostraca, and one Anostraca became infected 

after exposure to Em uncinata eggs (Table VI). Two cladocerans, - 
Alona 2. and Scapholeberis %., did not become infected 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 DZVELOPMENT OF 2. UNCINATA I N  DAPHNIA p u L G X  AND 

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 

In Daphnia, experiments were conducted at two temperatures, one at 

20 - 24Oc., and the other at 15'~. The former temperature equaled 

the water temperatures at Site 1 in August. The latter equaled the 

early spring and late fall water temperatures. 

At 20 - 24'~. , E. uncinata matured in ten days to third - 
stage Juveniles, 1.5 mm.long. In D. pulex juveniles were usually - 
free In the dorsal hemocoel, whereas in _Dm magna they were in the 



TABLE X I 1 1  

Published Development Times For E, uncinata in Daphnia - 

Development Time Thmperature Reference 

12 days 25 - 29'~. Romanova ( 1947 1948 ) 

14 - 16 days 
11 days 

11 - 12 days 
12 - 16 days 
5 days 

6 days 

Romanova (1947, 1948) 

~ o t e l ' n l k o v  (1961 ) 

Kaukar (1941) 

Radim (1959) 

Gaskavi (1960) 

~ a r k a v i  (1960) 



&ll fi.lnme.~bs. They weye+ nevm coiled in the thoracic muscles. 

Growth and development of the parasites started soon after infection 

(Fig. 4); 

At 15OC., maturation of X. uncinata took 30 days. Worms - 
were coiled in thoracic muscles (Figs, 17 and 18) and developed 

little during the first ten days of the infection (Fig. 4). The 

effect of tenperature on the metabolisa of parasites and hosts may 

exylain why gro~.sth rates differ in the two experiments. 

Our observations generally agree with the published times 

needed for the development of Eo uncinata in Daphnia (Table ~111). - - 
Slight discrepancies may result from differences in techniques. The 

major discrepancy between our observations and Garkavifs data may 

stem from his possible misinterpretation of the juvenile stages of 

the parasite. He claimed that the third stage juveniles were only 

0.86 mrn.long, this much smaller than those observed by us and others. 

He may, therefore, have confused second stage juveniles with third 

stage inpective nematodes. 

4. TOLERANCE OF E. UNCINATA OVA TO FREEZIRG AND DESSICATION. - - 

We found that E. uncinata ova perished when frozen for 85 - 
days, but that many survived for the same period when e i e d .  on filter 

paper. This may contradict Romanova's (1948) observation that eggs 

of - E. uncinate perished in 20 - 26 hours when stored at "low temp- 
erature* or a relative humidity of 31 - 45%. 



Tolerance to dessication may allow Echinuria eggs to 

survive in waterfowl faeces deposited on dry land. Rain or flooding 

could then wash the faeces and eggs into a pond and initiate an 

Infection of intermediate hosts present. 

5 ,  GROWTH., ALLOPI,IETBIC GROWTH , TAXONOMIC CONS1 DERATIOIiJ AND PATHOGE&TICITY 

OF - E. UNCINATA IN THE DELTA MALLARD* 

  he growth of E. uncinata during the first 50 days of 
. Infection was not uniform but was fastest between 20 and 40 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, 

causing changes in body proportions (Fig. 9). Refer to Thompson (1959) 

and Medawar (1958) for a detailed discussion of a1lometrl.c growth. 

Chabaud and Petters (1961) and blilliams (1929) believed 

that ratios of body parts and length are good taxonomic characteristics 

for the genus Acu-ar ia .  Their conclusion is probably correct if 

comparisons are limited to worms of the same stage of development. 

When Cram (1928) described Echinuria parva principally'be-cause its 

size and body proportions differed from those of large g. uncinata, 

she was probably unaware of the stage of development of those nematodes. 

When compared with 30 day 2. uncinata, g. parva cannot be distinguished 

by Cram's characteristics. It seems probable that she described 

relatively young adults of - 9. uncinata as a new species. 

Rhyzikov (1961) stated that absolute and relative splcule 





- lengths were good criteria to separate Echinuria species. Here 

again problems might arise if spicule lengths are used as taxonomic 

criteria for Echinuria of unknown age. In Em uncinata, the length of - 
the left spicule ranges from 0.19 to 0.70 mm. in adult xiales from 

20 to 50 day infections. The ratio of this spicule to body length 

ranges from 1 : 14.5 to 1 : 9.5; and the ratio of the right spicule 

length to the left spicule length ranged from 1 : 1.3 to 1 : 3.6 

during the same period. 

Cordon structure 1s another important taxonomic character- 

istic (Osche, 1955, and Chabaud and Petters, 1959) that varies durlng 

the development of E. uncinata. Third stage juveniles possess cordons - 
resembling those of Paracuaria (Fig. 21), and fourth stage juveniles 

have Acuaria - like o-ordons (Fig. 22). Chabau-d and Petters (OJ. 

sit.) indicated that Paracuaria and Acuaria are more primitive than - -- 
Echinuria. - They also discussed the occurrence 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). ~otelhkov 

(1961) nbted that orily 40 days vrhe needed before ovipositing commenced. 

His observations agree with our findings. 

Detailed histopathological examinations of granulomas of 

Delta Mallards with E. uncinata infections were not carried out. - 
Gross examination indicated that the nodules formed were fibrotic 

granulomas often containing necrotic material. Their location on 



the isthus, between the proventriculus and gizzard, may be explakned 

by the fact that this region is softer and more easily penetrated 

than either the proventriculus or gizzard. Cram (1931) believed this 

to be true of Cheilospirura hamulosa (Diesing, 1851) Diesing, 1861, 

infections in chickens. 

6. GROWTH AND SURVIVAL OF E,  UNCINATA IN DELTA NALLARDS OF DIFFERENT - 
AGES. 

Four groups of Delta Mallards of different ages were 

infected with third stage juvenile E. uncinata to see if the age 

influences the resistance of the definitive host to this parasite. 

After 40 days, the size and numbers of parasites were compared to 

determine susceptibility of each group of birds. The size and 

number of parasites gave indications of growth and percent survival 

of the nematodes respectively. These parameters were correlzted 

(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 E. uncinata infection than two and three-month - 
old birds (Table VIII). One way analysis of variance 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 (p=.Ol) 

The frequency of echinurinsis is higher in younger birds 

than in older birds (Buker, 1941; Knudsen, 1966; Shevtsov and Zabello 



1965). . Buscher (1965) s t a t e d  t h a t  t h e  high frequency of  p a r a s i t i s m  

i n  duckl ings may stem from t h e  f a c t  t h a t  duckl ings f eed  more exten- 

s i v e l y  on i n v e r t e b r a t e s  (i. e. p a r a s i t e  v e c t o r s )  than  do a d u l t s .  

Other f a c t o r s  may a l s o  be i m p o r t ~ n t ,  however, as a l l  of our  ducks 

rece ived  i d e n t i c a l  numbers of p a r a s i t e s  and y e t  had d i f f e r e n t  in ten-  

sibLes o f - i n f e c t i o n .  These f a c t o r s  may be phys ica l ,  phys io logica l  and 

immunological, Toughness o r  th ickness  of stomach t i s s u e s  and hormonal 

changes a s s o c i a t e d  wi th  ma.turation may e f f e c t  t h e  p a r a s i t e s  growth 

and su rv iva l .  Another f a c t o r ,  a c t i v i t y  of antibody producing organs 

such as t h e  bursa. of Fabr ic ius ,  i s  known t o  vary wi th  t h e  age of t h e  

b i r d  (Olson, 1965). 

70 SUSCEPTIBILITY OF DIFFERENT WATERFOWL SPECIES TO E. UNCINATA --- 

INFECTIONS a 

S u s c e p t i b i l i t y  t o  E. uncina ta  ( a b i l i t y  of being invaded o r  - 
i n fec ted  by i t )  w a s  determined i n  d i f f e r e n t  s p e c i e s  of  waterfowl by 

comparing t h e  s i z e  and number of p a r a s i t e s  and number of granulomas 

i n  each species .  Two experiments were performed, i n  one, n a t u r a l l y  

acqudred i n f e c t i o n s  were compared (Table I X ) ;  and i n  t h e  second, 

i n f e c t i o n s  from known numbers of i n f e c t i v e  juveni les  were compared(~ab1e  

. j [ ) .  Although t he  r e s u l t s  of  both experiments d i f f e r e d  s l i g h t l y ,  

they ind ica ted  t h a t  some spec ies  of  waterfowl were more s u s c e p t i b l e  

than o thers .  Species  t h a t  had prominent granulomas which u s u a l l y  

contained p a r a s i t e s  were regarded as suscept ib ly .  Res i s t an t  b i r d s  



ha& few or no granulomas or worms. 

Susceptible were the domestic mallards, Delta Mallards, 

wild mallards, gadwalls, pintails, lesser scaup, common eiders and 

domestic geese. Mallards, gadwalls and pintails had great numbers 

of large parasites while the scaup and geese had fewer and smaller 

worms. The premature deabh of the eiders prevented the comparison 

of theis parasites with those of other species, but they were heavily 

infected and parasites were large for 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 the experimental period. The 

ducklings (two teal-and one shoveller) which died prematurely had 

small granulomas and a single, 2 nm. long worm each. No redheads 

were- parasitized tihen autopsied ancl only one of the six ducklings 

had granulomas. Buddy ducks had few granulomas and very few worms. 

It is uncertain whether ruddy ducks are as resistant as the above 

birds, More birds should have been examined, Coots had neither 

granulomas nor parasites. 

There are probhbly many reasons why the susceptibliliy to 

E* uneinata infection of different hosts varies. For example, - 
shovellers, by nature of their feeding behavior, have probably been 

frequently exposed to Echinuria in the past. Perhaps, as the result 

of natural selection, shovellers have evolved a high resistance to 

this parasite. Blue-winged teal is closely related to the shoveller 

(Delacour and Mayr, 1945) and may share this resistance. PIallards 



and pintails are closely related and are both susceptible. The high 

susceptibility of the domestic mallards may be the .result of artificial 

selection to which these birds were exposed. 

The size and physical properties of the birds may also in- 

fluence their susceptibility. Of the dabbling ducks examined, the 

largest (mallards, pintails and gadwalls) were most susceptible and 

the smallest (teal and shovellers), the most resistant. The large 

domestic mallards and geese had the largest granulomas which probably 

provided more space for the parasites. 

Bezubik (1956), Cornwell (1963) and Czaplinsky (1962) 

listed over 40 species of waterfowl serving as definitive hosts of 

E. u n c i n e  (Table 315). Unfortunately, these authors did not provide - 
data on the eitensity of infection in these birds. 

8, GROWTH, SURVIVAL AND PATHOG316ICITY OF E. UNCINATA IN INFECTIONS - .  

OF DIFFERENT INTENSITIES. 

- To see if gro.wth, survival and pathogenicity of E. uncinata 
are influenced by intensity of infection, eight Delta 'lallards were 

infected with large numbers of third stage juvenilgs ah& examfne4d 

40 days later (Table XI). 

The examination showed that'the growth of the parasites 

was fastest in birds which received the greatest numbers of juveniles 

and slowest in those whlch received the smallest numbers (single- 

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



between the size of' the inoculum (infection dose) and the survival 

of the nematodes; - E, uncinata body'length and percent survival; and 
parasite body length and number of worms. The lack of correlation 

in the latter three tests suggests that the existence of a relationship 

between inoculum size and parasite length is uncertain. Numbers of 

granulomas from each host correlated (corr. coef, P=.OOJ) with numbers 

of parasites present (Fig. 10) but not with the inoculun s-ize. 

The fact that one statistical test was significant whereas 

the others were not may stem from the high variability in the data. 

For example, one mallard received 500 juvenile worms ana retained 

218 after 40 days. Another bird received 750 juveniles but was free 

of infection when autopsied. The use of more birds might have given 

mope consistant results. 

THE FATE OF g, UNCINATA IN WINTER AT DELTA, 

At Delta, two conditions exist which permit this nematode 

to over-winter. First, certain areas of the marsh do not freeze 

to the bottom (e. g. Site 4); and second, many waterfowl are kept 

through the winter at the Delta Waterfowl Re-search Station. 

By not freezing to the bottom, certain areas could provide 

a refuge f0r.E. uncinata eggs, if these eggs can survive long periods 

of near freezing temperatures. The tolerance of Echinuria eggs to 

environmental stresses is not known, but MonnB (1958) thought . 

that the quinone-tanned proteins of - E. uncinata egg shells may protect 





the ova against cold, dessication and ultra violet light. Our 

observation, that eggs can survive dessication for 85 days corrob- 

orates his views. 

Suitable crustacean hosts might also harbor g. uncinata 

through the winter in the water basins which do not freeze to the 

bottom, Gammarus SJ. is known to harbor Streptoeara SJ, and Tetra- 

meres =. juveniles all winter (Klesov and Kovalenko, 1967). At 

Delta, Gamnarus lacustris survives under the Blind Channel ice 
I 

all winter and one individual with a juvenile g. uncinnta was found 

on March 22, 1969. Daphnia can also survive all winter under ice 

We cannot be certain if and how eggs and/or juveniles of 

E. uncinata over-winter at Delta, but we are certain that adult - 
parasites survived in some of the birds kept at Delta in winter. 

Of twelve Delta Mallards reared on the Field Station Pond in the 

summer of 1968, one retained ovipositing worms to January, 1969 and 

one had nearly 400 worms in June, 1969 (Table XII). Crichton (1969) 

and Connell (unpublished) observed this nematode in wild ducks 

returning to the prairies in early spring, which suggests that this 

parasite might survive all winter in wild ducks as well. 

Russian workers stated that most waterfowl parasites; 

including Echinuria, can not over-winter in a marsh, Gerasimova 

(1962) stated that helminths could not survive the winter in a 

marsh that freezes solid, Garkavi (1960) thought that E. uncinata 
must return each spring with the migrating birds, Romanova (1948) and 



Radin (1959) supportea thks premise with t h e i r  observa t ions  $ha.% 

both  eggs and  juveniles  o f  - E. unc ina ta  died when f rozen  o r  dessicated. 



CONCLUSIOX 

Information obtained in the course of this study clarifies 

and expa.nds our knowledge of - E. uncinata, its biology, pathogenicity, 
and its occurrence at Delta, 14anitoba. Although our investigations 

were limite'd, they provide a foundation f o ~  more detailed research 

on this pathogen of waterfowl. 

The follwofng @re the conclusions derived from this in- 

vestigation: 

1. Juvenile - E. uncinata were found in Daphnia pulex,  - D. 
magna and Simocephalus - vetulus collected from the Field Station Pond 

in the sumer months. 

2, g. unci.n& can infect at least eleven spec-ies of Delta. 

crustaceans; namely seven Cladocera including Daphnia pulex, . - D, magna, 
Simocephalus vetulus, Ceriodaphnia reticulata, - C. acanthina, Moina 

macrocopa and Eurycercus lamellatus; two Amphfpoda, Gammarus lacustris 

and Hyalella azteca; one Conchostraca, Lynceus brachyurus, and one 

Anostraca, Chirocephalopsis bundyi. 

3. 2. uncinnta developed to third stage juveailes in 

Daphnia pulex - and - D. magna in 10 days at 20 - 2b0c. and in 30 days 

4 Eggs of - E. uncinata died when frozen for 85 days but 

survived dessication for the same period. 

In Delta uncinata moulted from fourth 

stage juveniles to adults 20 days after the infection and females 



were &ipositing 40 days after knf ection. 

E. uncinata grew faster and the survival rate was higher 6. - 
\ 

in one-week old Delta Mallards than in two and three month old birds. 

. . 7, Ee uncinata, readily infected the follwoing waterfowl; 

Anas - platyrhynchos domesticus, A. 2.  (~elta ~allard), A. p. platp- 

rhynohos, - A. strepera-: - A. acute-, Sonateria rnol lbss~ma-,  Aythya aff inis 

and Anser --- dornesticus. This parasite did not readily.infect Anas 

clypeata, A. discor, Aythya americana, Oxyura jamaicensis and Fulica 
amerlcana (~allidae). 

8, Host granulomas were found in birds with the highest 

intensities of infection. 

9 g. uncinata is known to overwinter in the definitive 

host where it can survive for one FeaE. 



FIGURE 11 
Field Station Pond - Site one 

FIGURE 12 
Delta Raad Slough - Site three 



FIGURE 13 
Blind Charmel - S i t e  four 

FIGURE 14 
Rearing Pen 



FIGURE: 15 
uncinata eggs in gut of Daphnla puiex ( 2 5 0 ~ )  

FIG'JRE 16 
First stage - E. - uncinata juveniles in D. pulex hemscoel (400x1 - 



FTGUBE 17 
F i r s t  stage E, uncicata in thoracic muscles 

of - ~ag11inTa - m"-;57- Bright ~ i e l d - )  

FIGURE 18 
Same as Figure 17 (Interference cont~ast) 



FIGURE 19 
B. pulex w i t h  second and third stage E, uncinata juveniles (lox) - - 

FIGURE' 20 
D. pulex with third stage E, ur?cina.ta juveniles ( 1 0 ~) - 



FIGURE 21 
T h i r d  s t a g e  E. uncina' ta juven4l.e i n  g i l l  filament 

of - D. rnazna- In ter ference  contrast] 

FIGURE 22 
Cordons of  f o u r t h  stage g. u n ~ i n a t a  
(400~ - Interference c o n t W m -  



FIGURE 23 
Moulting fourth stage E. uncinata ( 4 0 ~ )  - 

FIGURE 24. 
Adult female g, uncinata (1OX) 



FIGURE 25 
loping vul-va of fourth stage female E. uncinata (100 - 

FIGURE 26 
seloping vulva and ovijector of fourth stage female 

E. uncinata (100~ - Interference contrast) - 



FIGUBE 27 
Ovi3ector and vulva of adult g. uncfnata (100~) 

FIGUHE 28 
Ovipositing - E. uncinata ( 4 0 ~ )  



FIGIRE 29 
Distal end of adult male E, uncina* (100~) 

FIGURE 30 
.len mucosa of isthmus from 10 day-old 3. uncina 

infection from a Delta Mallard (20X) 



FIGURE 31 
Granulomas from 20 day-old E, uncinata infection 

from a Delta P l a l T a r r m ) -  

FIGURE 32 
Granuloma from 37 day-old E. uncinata infection 

from a Delta ~ a l i a r m -  



FIGURE 33 
Granuloma with "plugM from-&0 day E. uncinata 

infection from a domestic goose *r 

FIGURE 34 
Granuloma with fiplugn removed from 40 day E. uncinata 

infection from a domestic goose (lox) 



FIGURE 35 
Opened granuloma with E. uncinata from Delta Mallard 

with an estimatzd one year infection ( 1 0 ~ )  

. FIGURE 36 
Proventriculus of domestic goose with 40 day E. uncinata infection - 1_1- 



F I G U R E  37 
Proventsiculus and gizzard of a coot 40 days 

after infection with E. uncinntn - 

F I G U R E  38 
Granuloma with "plu.gn and eroded mucosa from blue-winged teal 

with 24 day-old E. uncinata infection (lox) - 
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APPENDIX I1 

The classification of Echinuria uncinata. 

(Chabaud, A. G. 1965) 

Class Nematodes 

-7 Phylm Nemathelminthes 

Subclass Secernentea 
. Order Spirudida 

Suborder Spirurina 
Superfamily Spiruroidea 
Farni1.y Acuariidae (Railliet, Henry et Sisoff 1912) 
Subfamily Acuariinae (Railliet, Henry et Sisoff 1912) 
Genus Echinuria :Soloviev, 1912 
Species uncinata (Rudolphi, 1819) 

(Hymen, L. H. 1951) 

Phylum Aschelninthes 
Class Nematoda 
Order Spiruroidea 
. Fenily Acuariidae 

Genus Echinuria 

Phylm Aschelminthes 
Class Nematoda 
Subclass Secerxlentea 
Order Spirurida 
Suborder Spirurina 
Supeffamily Acuarioidea (Sobolev, 1949) 
Family Acuariidae 
Subfamily Echinuriinae (Sobolev, 1943) 
Genus Echinuria 
Species uncinata 
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