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Abstract
S u r c p i h i . . y  t o  D i l l . , t a r . x a t  . p a b . - , n u  J t t h r c d  s i A o i f i c r n r t y  ( r  k s , ,  p  o . u r ,  a m u n s  r a r n b . , u
t r , , u l  r \ , / D , .  . a 1 t J * r t t .  ( u f t l , r u a r  r f o u ' S , i n o  r l a r l r t .  b r , , , l  r r o u r  1 \ a l t , t r t n .  1 . . t . r i , . a | t . 7 .  " r , l
: : T  l l r . , " .  

' o n , a ' t ^ t n  t ^ h t . . t i ! L t , h . ,  i n  r . r m s  o r  m L . r n  5 u r \ i v d t  r i m L s  a f r t r , x p , . s ; r r  t n  u r a l r  , . 1
n r n r . r c r ( 4  , e r , d  d e .  L , c n i . d  \ .  r d r n N , s  r r u u r  $ ( r e  r h c  m u \ l  r e 5 i s r 4 n r  q h i l c  r .  I r u  . " r n r u n  s r r L  r r s
Le35t fesr \ rant .  lnLr! , rs(Lr  surr ivar  r ime of  f ish apparent ly  was di rect ly  re lated to increascd *ater
tempc'rture, s'hile survival time was inversely reiited to dosagc of ceicariac aclministerecl or dura-
tlon of cxposure to cercarjas.

lnt roducl ion

Diplostomatosis is a clisease caused by metacercariae of the trematode Djl)lolto tat/
tpt t thaceun.I t  is  a set ious f ishery maoagement problem in many areas throughout tbe
United Stares, Europe, and Africa (Palmieri et al. 1976L,), and is a major problem in
nany rrout rvaters in Idaho (Bakke 1977), \Tashingtoo (Crawford 1971), Colotado
(Davies at al. 1973), and Utah (Bakke 1977, palmieri el dt. 19j7J..n.here heavl
aquatic vegetation allows the intermediate snail hosts to live.

The life cycle of D. tpatlsacettn is fairly typical for strigeoid trematoc]es and has
been discussed in detail by several authors (Asbron el ai. 1969, Davies et al. I9:,J,
Palmieri el aL. 1976b, 1977). A problem in rrout nlanagemenr arises from the facr
that most members of the family Salmonidae appear to be susceptible ro these eye flukes,
rvith several mernbers of the genera Salnto atrd Salreliutt reported to be infested rl,ith
D. tpathaceru (Davies er al. 7973; palmiei e, dl. 1976b, l!77: Hendrickson 1978),
and members of the genera Oncorbynchus (Bakke 1977) anC, Coregonas (Rau et al.
i979) infested rvith closely related eye flukes.

Fish are usually infected directly by motile cercariae of D, lparhac,tttt penetraring
the fishs inregument (Davis 1916, Ratanarat,Brockelman 197.I), although ingestion
of meracercariae in infested snails is an alternate path of infection (Becker and Brunson
1966). Strigeoid meracercarie migrate rapidly to their target organs in the fish host
(Johnson 1971, Ratanarat-Brockelman 1!74) and cause severe damage both along the
migration rourc and in the target organ, which for D. rpathace t)t is the lens of the
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eye (Ashron et '!1. I()69, Lorson 1965, Rataoarat-Brockelmal 1974). Parasitization of

the lens by D. tpathtcetn metrcercariae can ceuse eye cataracts ( diplostomarosis ) ,
rvhich lead ro blioclness, abnormal feeding, aod stunted growrh (Crawford 1973, Davies

et al. 1973, Palnieri cl al. 197 6b, i977). Asicle frcxn mortalities that may occur after

iofesration (Crarvford 1971, Bakke 1977, Srveeting and Powell  1977), pathological

changes in indiviclual fish cause a re.luction in the overall quaotity and quality of the

sport carch (Dl. l ies et al,  1973). Therefore eye f lukes have a setious potentiai to clamagc

recreariooal rrour f isheries in many areas. Since susceptibi l i ty !o these parasites vafies

among salrnonicl species, it is in-tportant {or successful flianagemeot of fisheties to uo-

derstancl rhe,-lifferences in suscepribility. It has beeo foun.l that broq'n tror.rt (Salzto

ttrtt,i) arc more rcsisranr than rainlxrn- tto.ut (S4h a gditkrcri) to infestatioos with

D. ipdthace tu (Betterton 1974, Hemlerson 1978). Maner (197.9) found Diplo.t totnttt

sp. in significantly greater intensities in rainbow ttout than in cutthroat trc':t (Sdlrn

cb|i) .'fhe state of Colorado sfocks brown trour to take advaotage of its higir resistance

to D. rpdthnccl/rt (Davies er aL. 1973).

This snrdy u'as tlone to determine u'hich species of salmonid fishes stocked in the

state of Waslrington-rxinbo\r' trout (5. ldird ei), cutthroat trout (S. tlr,"ii), brook

rtott (Sab.elinrc lontinalitl, and coho salmon (Oncothynchu kivrtch) has the grear-

est resistaoce to cercarie of D. spathuceun.

Materials and Methods

Sntils (Llnnaea p1lu.ttr;4 ^nd. Phfi.l Ptopi q/ttt) were collected from aquatic vegetation

in North Heton lake in Grant County, $Tashington. Io the laboratory, snails t'ere kept

in aquaria containing lake q'ater at room temperatute and $'ete maintainecl on a .liet

of letuce leaves aod vegetation from their flatural habitat. Live cercariae of D..tpdtho'

cea t.  were reacl i ly identi f ied unclet a dissecting microscope by their characrerist ic more

meors and fotked tails. Approximately 3,000 cercariae could be obtaioed frolr.t a single

infesred snail by crushing the hepato-pancreas area rvith clissecting forceps- Special

care \r'as mkeo io choosiog cercariae of similar maturity, as juclged by size and dcgrce

of activity. Only rhe most active cercalire \-ere used in expetiments, N'hile those in

sporocysrs were excluded. The snail, L. pdl iria, servecl as the laboratory source of all

cercariae.

Rainborv trout, culthroat trout, brool< trottt, and coho salmon averagiog 15 cm in

total leogth \\'ere used to test resistaoce to live cercariae. Coho salmon were obtained

from the \X/ashington l)epartmcnt of Fisheries hatchery at Issaquah, u'hile cuthroat.

brook, and rainbo$-trout \\'ere obtained from thc Vahington Depxrtmeot of Game

hatcheries at Tokul Cfeek, Chelan, and Arliogton, respec-tively. Fish teceivecl an initial

prophyiacric Formalin treaarent and $'ere kept under laboratory conditions at least

two \r'eeks before experimental use. All fish received standard diers of salmoo meal used

by the hatchery at the University of Vashington School of Fisheries.

Fish wete artificially infested by insertiog individually counted live cercariae in

physiological saline into rhe stomach via the oral cavity with a 30-cc sytinge and rubber

tube (use of the tube prevented physical damage to the f ish). Art i f ic ial ly infested f ish

were kept at 10' or 21'C during the experiment and signs of the cl isease Nere noted-
ri(e administered an oral dose of either 50 or J00 live cercariae to eight fish of each

of the foLrr species which rvere held at 15'C, and 50 cercariae to eight fish of each
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species except cutthroat which were held at 21oC. Conttol fish received an equal volume
of physiological saline administeted orally,

Natural penetration of cercariae was studied io experimental fish exposed ro live
cercariae emerging from infested snails. An experiment using six fish of each of the
four fish species was performed by exposing them to 1000 live snails of which approx
imately three percenr \r'e!e infested with emerging cercariae. Exlxrsures were done at
21"C for either 15 rnin or J0 min or at 15.C for 60 min. Conirol frsh rrvere treated
similarly in all respects except for exposure ro cercariae or snails.

Results

All fish experimentally exposecl to orally aclministered cercariae of the eyefluke died
before the 270 day arbitrary end point set for these experiments_ The average survtval
time of rhe four Salmonicl species exposed to l0 orally administered D. rpafiacetttt
cercariae at 15'C differed greatly, ranging from the lowest survival average of 30 days
in coho salmon to the highest of 97 days for rainbow trout (Table 1). The sun,ivai

' , lA I l r , I !  l  - \ renD su .v i ! , l r  t i rDe r l ra ] ' s )  o r  iour  sDt . ies  o f  sarn)n idae r f ie r  , rNr  rdn in is r ra tnD o f  r i v .
.e rc r r iae  ( \ r t fh ro r t  i rou i  N . re  l rn  tes ie i i  r t  21"C.

5 0  ( r l  o ( _ . )
Nr rmber  o i  Cercr l iae  ,nd  1 .eh l )c r ! tu r r

5 0  (  1 : " C )
l le rn  1  S .D.

t i 0 1 1 i i . 1 )

i l  o 0  {  1 5 . c  )

120 a 2l . , l l
t t  a : f  . 5

t t i : r  L i

* j r i iehr  r i sh  \ ! f fe  used {s . .D l fo rs  io r  each spr . ( i cs  an . i  in .acr r  c rDer imen lar  l f c l l l re r r .

times of the four species of experimental fish *,ere significantly different (t_test, p_
0.05). The unexposed conrrol fish of all four species survived until the end of the
experimenr (270 days), giving a significant difference (t_test, p:0.05) in survival
time berween experimenral and conuol fish. At increased remperarure (21.C), coho
salmon still survived the shortesr rirne even though survivar times for alr three species
tested lvete increased (Table 1), and these u,ere significantly differeot 1r_test, p:
0.05). Increasing the ounrber of cercariae administered orally to 300 (Table 1), sti l l
shoq'ed coho salmon with the shottesr survival (30 days), but survival rime among
rainborv and cufthroar rrour *'as not significaotly different (r_rest, p-0.0j).

Using infested snails to cletermine the effect of exposure to emerging cercariae, *,e
observed that tainboq' trout \vere mosr resistant to cercarial penetration and that coho
salmon appeared to be the leasr resistant (Table 2). Meao survival time <leclined as
the exposure time was increased. Ar 21.C rhe mean survival time of all four species
exposed for J0 minutes v,as significantly shorter (t_test, p:0.05) than that of f isb
expose,l for 15 minutes (Table 2). All control f ish survived the enrre experimental
pefloct.

Discussion

Determination of the most important variable is difficult, but, the survival time of
fish appeared rc be related to warer temperaflrtel exposure rime to cercariae, and cercarial
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TABLE 2 .  N lean s t r r l i l r l  t ihe  { i lays)  o f  f , ,u r  sDec i i ' s  o f  Sa lmoDidae exr ( )sed r )  sDr i l s  w i th  fmf ,s ing

E\D ' ' sure  ' l ' i ne  h  l l i nu tes  aDd Te lJer r lu r .
1 ;  ( 2 1 . C )  i r o  ( 2 1 . ( _ - )  0 0  ( 1 r . C )

62 rr- 9,1. I

1 0 * [ ]
1 2 1 : 1 . 1

r )ec ies  u i l  in  ea .h  exDe. im! r ta i  i |ee t , ren l .

dosage. Fish survived longer xhen infested at 2l'C than ar the lowel temperatute of
15'C. lt is well established that fish initiate aotibody formatior mote quickly at higher

temperarures tlran rt lowe! temperarures (Anderson 1974, Corbel 197), Pattetson and
Fryer 1914) and thete is evidence that fish form specific antibodies againsf rnerazLrJn

parasites (Molnar ancl Berezi 1965, Harris 1972, Cottrel l  1977). Howcvcr, rr rs nor
well established horv fish acquire resistance to internal metazoan parasites (Soieszko

1969, Anclerson 1974). I f  aotjbodies play an active role in f ish resistance to the eye
flr-rke, theo fie fish may initiate a specific immune response against D, Jpathdcern
more rapiclly at hi{ah temperarures rhan at low temperatutes, thereby reducing the

oumber of cetcariae rhat invacle the fish. Higher weter remperatures rvithin the optimal

temperatule range shoulcl favor the fish's surviva!, even though cercariae are more actlve
at higher temperarures (Becker and Brunson 1966).

In rhe past, chemical aocl physical control of rhe soail hosts of D. spathaceton hle
proved ftuitless (Palmieri el al. 1976e). Unril a suitable method of control is found,
fishery bioJogists shoulcl consider the high resisraoce of certain species of Salmonidae to

D. spathacean as a manallemenr tcxrl. The significant observation fot management

purposes is thar coho salnon \\'ere always the first fish to die and that raiobo\\, trout

were generally the most resistant to D. lpathdcelr t. From our results, coho salmon would

probably give fes'er returns to the angler as compared to rainbow rrout- Cutrhroat trout

or brook trout woulcl be a secondary choice to scock if rainborv trout were not available.

If feasible from an economic and sport point of vierv, brou'n trout rvoulcl seem ro be an

even better clroice than rainbow trout (Davies el dl. 1973. Beftefion 1974). Crawford
(1973) has intlicated that stocking legal size trour in knorvn infested rvaters rvoul<l

also help provicle a good sport fishery.
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