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EFFECTS OF CRUDE OILS ON THE GASTROINTESTINAL

PARASITES OF TWO SPECIES OF MARINE FISH

R. A. Khan1 and J. Kiceniuk2

ABSTRACT: To assess the effect of crude oil on selected gastrointestinal parasites of fish, st-inter floutndcm

(Pseudopleuronectes americann.zs) naturally infected ‘ss-ith a digenctic trematode (Steringophorus fri rciger),

were exposed to contaminated sediment or ‘svatcr soluble fractions of Venezuelan cruide oil for 34 and 160

days respectively. Similarly, Atlantic cod (Gadus morhua) harboring an acanthocephahan (Echinorhynchus

gadi), were treated with extracts of Hibemnia and Venezuelan oils for periods of 81 to 140 days. In all cases

prevalence and intensity of parasitic infections svcre lower in oil-treated fish. The effect appeared to be

more pronounced within fish exposed to ‘ss’ater soluble extracts than to oil-contaminated sediment. Few-cr

parasites present in fish exposed to oil might be attributed to direct toxicity induced by drinking staler

soluble fractions of crude oil and/or modification of the gut environment brought about b�- changes in host

physiology.

INTRODUCTION

Sindermann (1979), in a review of pollution-

associated diseases, remarked that fish taken in

polluted areas showed increased abnormalities.

The same author stressed that there was a pau-

city of information on the interaction of poi-

lutants and parasites in fish hosts. There are

reports of increased parasitic infections in fish

from polluted areas (Overstreet and Howse,

1977; Haensly et al., 1982). Boyce and Yamada

(1977) provided evidence that parasitized fish

were more susceptible to zinc than noninfected

controls while Pascoe and Cram (1977), and

Pascoe and Woodworth (1980) reported that

exposure of parasitized fish to heavy metals

caused mortality. In contrast, exposure of the

longhorn sculpin (M yoxocephalus octodecem-

spinosus) infected with a trypanosome to water

soluble fractions of crude oil produced minimal

changes (Kiceniuk et al., 1982).

During long term exposure to water soluble

extracts of Venezuelan crude oil, winter floun-

der and Atlantic cod consumed less feed, re-

sulting in reduced condition factors (Fletcher

et al., 1981; Kiceniuk and Khan, 1983). Both

cod and flounder are naturally infected ‘s’s’ith

metazoan parasites (Linton, 1940; Heller, 1949;

Dollfus, 1953; Polyanskii, 1955; Scott, 1975,
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1976). Since a relationship can exist bet’svccn

environmental pollutants and the degree of

parasitism (Haensly et al. , 1982), this stuci�- ‘st-as

undertaken to ascertain the effect of crude oils

on selected parasites occurring natumalh�- in the

lumen of the gastrointestinal tract of these fishs.

MATERIALS AND METHODS

All fish used in this study originated from Conscep-

tion Bay, Newfoundland. The flounder, adutlts only,
were collected by divers equipped with SCUBA in

shallow water (1-2 m) during summer 1980 at Long

Pond (vide Kennedy and Steele, 1971, for geograph-

ical location). Atlantic cod, subadults and adult (-‘4-

7 yr old), were captured in a cod trap set at 10 m

deep about 2 km north of Long Pond. The fish ‘ss’erc

held prior to and during the experiments in tansks

through which sea water flo’svcd continuously. In the

first experiment that involved flounder, two groups

of experimental fish were exposed to freshly pre-

pared and 1 yr old weathered sediment as reported

previously (Fletcher et al., 1981). Control fish ss’cre

held in a tank with uncontaminated sediment (Table

1). Duplicate samples of sediment were analysed for

hydrocarbon levels by fluorescence spectroscopy

(Keizer and Gordon, 1973) one week after the be-

ginning and at the conclusion of the experiment. All

groups Of flounder ‘sverc fed freshly tha’svcd caplin

(Mallotus villosus) ad hibitum thrice ‘sveekl�-. In the

second experiment, the flounder st’crc not fed and
the experimental group was exposed to waler soluble

fractions of crude oil. The hatter was prepared by

adding 60 ml of crude oil to a head tank (80 liters)

daily allo’sving it to mix w’ith a constant spray of sea
water and then drawing off the bottom contents (270

liters/day). A second supply (bypass) into the fish

tank was adjusted to provide a total flow of 5 litcms/

mm.

In the experiments (III and IV) which involved

cod, 60 ml of crude oil were added to the head tansk

three times weekly. The flow rate from this tank was

adjusted also to 2.5 liters/mm and a bypass supplied

an additional flow of 2.5 liters/mm. Hydrocarbon
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TABLE 2. Comparison of the effects of cruthe oil adminsistemed as oil-contaminuated sethinsenut or staler soltible
fractions of crude oil orm natural infectiorms of the parasites Steringophorus furciger ins ‘st-inter floutnsdem

(cxpeminnicnts I anmd II) and Echinorhynchus gadi ins Atlamutic cod (cxperimenmts III ammdi IV).

Expt. no. Group No. of fish
No. (‘()

parasimized I parasites fish
Condition (K)

factor (SE))’

I d(MltO)I

Old oilh

New oil

14

12

16

12)86)

8)67)’

8(50)’

68

(11-169)’

39

(01-120)

15

(03--Si)

153 ± 1)213

158 ± 0175

141 ± 0226

II c:��n��l

Oil-treated

19

18

18)94)

12 (67)’

154

(74-26 1)

59d�

(17-124)

-

Ill Control

Venezuelani

Ilibernia

21

21

21

21 (100)

17 (81)’

15(71)’

49

(3 1-7.0)

2.8

(14-47)

21)”

(10-34)

0.93 ± 0084

1(11 ± 0140

0.83’ ± 0.122

IV Control

Oil-treated

10

10

10 (100)

7 (70)’

3 9

(14-77)

2 0

(06-40)

0 S8 ± 0 12(1

0 82 ± 0053

‘SD is the standard deviation.

Oil refers to Venezuelan crude used in all experiments except in experimnent Ill when Hibernia was also used.

Means amid 95% confidence intervals calculated on \[ transformssed data, normal distribution confirmed by Kolmnogorov-Smirnov goodness of

fit test inn all cases except controls in experiments III amid IV.

P <0.05 in Kruskal-Wallis one-way ANOVA.

P <0.05 in one-way ANOVA of the “s[ transfornied data.

‘P < 0.05 ins ANO’s’A.

‘I’ < 0.01 in Fisher’s exact test of prevalence of infection in treatment group compared to its respective control

analyses st’ere performed daily for 1 svk at approxi-

mately monthly intervals.
In three experiments (I, III, IV) svhscrc feetiinmg svas

involved, the food st-as ss-eighet! prior to anmd after

feeding. Total body ‘sveight of eachs fishm svas nsonmi-

tored also at the start and at the conciutsiomu of the
experiments (experiment II cxceptetl ). Observationss

were made on the general bchsas-ior of the fish. At

the conclusion of each experiment, time fishu were nice-
ropsied and parasites from the lutmen of the gaslmoims-
testinal tract were fixed in formalins-alcohsol-acetic

acid solution. Time consistency anti color of tue imules-

tinal contents ‘ss’ere also recortleci. Ins atk!itiomu, :35
flouinciem and 35 cot! st-crc necropsieti follosvimsg cap-

tutre to determine the prevalermce amid! intenusily of
intestinal parasites. Nicans anti 95� comsfitiemsce its-

tervals ‘svere calcutiated using the squtarc root lranss-
formed data. Tests of significanuce inuclut!ctl Kolmo-

gorov-Smimno’s’ goodness of fit test to conmpamc time

distribution of the tranmsformed t!ala to a nuomnsal tiis-

tribution. One ‘ss-a�- analysis of variamuce svas donme ons

the transformed data bust since thse tiala for hue cons-

trol groups in experiments III ammd I\’ tlepartet! sig-
nificantly from the normal, the Kmuskal-\Vailis’ curse
stay ANO\’A svas performedi also omu lime umstmanus-

formed data. Fisher’s exact test (Sokal anti Rohslf.

1969) svas unsed to compare the prevalensce of infec-

tion ins cads lreatnscnst groutp svith lime respective cons-

trol for cads experinsemut.

RESULTS AND DISCUSSION

Experiments with winter flounder

The parasite most consmonslv enscoulntemcdi its

the lumens of the thigesti’s-e tract (stonsac’hs to

rectum) of ‘svinter floutnmclcr is a ciigensetic trenis-

atodic Steringophorus fri rciger (Oissoms, I 868:

Odihnsem, 1905) (svns. Fellodistomum furcige-

rum). Spomocvsts ansti ccmcamia of thse parasite

occur ins bival’s-es anitl its clcfinsiti’se imosts insc’lutde

a variety of fish (K#{248}ie, 1979). Nimsety-foutr I)em-

cent (33) of 35 fislu cohlec’teti fmonss Consc’eptions

Bay isambomecl ams average of 11.5 (6.5-17.8) ins-

dividutais of S. furciger hsost.

Follo’st-insg exposutme to constarssinsatetl seth-

menst, a decrease ins food corssulnnsptions, b� ap-

proxinssatel� one thsimtl, ‘svas tmotetl tlusminug ‘sveek

4 ons’svamcls in time flounmclem exposeth to freshulv

oiled scciinsenst. Thmis ‘svas apparenmt also after

week 5 amorsg flouinsciem exposed! to thse ‘steaths-
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emeti oil sethinnent. Tisese tmensds c’onmtinsuted utmstil

week 13 ‘st’imens all thsrce grouips ate pr(sgmessi’s’ely

less foot! as time water tenspematutre tlecmeasetl

from 1:3 to 7 C. Boths groutps of oil-treated fish

at thsis tinme thispha�-ed erratic’ s’svimminsg. At

nsec’rops�-, irstestinal constensts of oil-tmeatetl fists

were genserall�- pale flutitl greens ins contrast to

thse thark semi-sohitl material ins Use controls. In

time hatter, the pme’s’alemsce of insfections witis S.

f urciger ‘svas hsighem ansd the nsseans nsuimber of

parasites recoverctl per hmost ‘s’s’as greater tisats

ins either of tue fish gmousps exposed to Oil-cots-

tamirsated sediment (Table 2). It ‘st-as Ol)ser’s-etl

also that the prevaleisce arsti thse nneans nsumi)er

of ‘storms per fish ‘svere greater ins fish exposedl

to ‘sveathemed timan to freshslv oileti set!imermt. Ins

experimemst Ii, similar mesutits ‘sveme oi.)sem’s’edl

(Table 2). Time means nsusnnuh)er amsd prevalenmce

of parasites were signmificansthv Imighem ins constmoh

flousntler than in oil-treatetl fisls.

Experiments with Atlantic cod

T’svo groups of subadult cod ‘st-crc exposed! to

50-100 ppb of \�ensezutehan arsti Hibemnmia druidic

oils for 81 days duration. A1)oult :3 ‘svk after cx-

posutre, sorne of the cot! ins tise Hibemnmia group

tiisplayetl atm uinmusutah belsaviorah patterns, rotat-

inmg 360 degrees as they st’s-ansi. This behavior

‘st-as observed also 5 ‘st-k ons’svamtis among the

\‘ensezuelars-exposeti gmoul}). Fish ins both oil-

treated groups sho’st’ed a tenstiensc�- to remain

close to tise surface ‘s’s-hsere there ‘st-as a thins film

of oil. These fish tleveloped an intense dark pig-

nsenstation. They were uinsusuahiy h�’peractive

when disturbed. Food consuimptions ins both

grouips of oil-treated fishs decreased so that in

time last ‘st’eek of the expemimenst, the controls

ate almost t’st’ice that of time oil-treated fish.

Constrol cod showetl a means ‘sveigist gains during

the experiment of 669i� in constrast to 44�i in

\‘enezuielan-treated anmd 339k ins Hibemnmia-treat-

ed fish. Emaciations ‘st-as apparenmt ins the cod

exposed to Hibemnmia crude oil as is intlicated by

the significantly hotter consthitioms factor (Table

2). At rmecropsy, more thans 509( in both oil-

treated groups contained fluid-greens intestinal

contents in contrast to dark semi-south feces in

the controls.

The acanthocepimahan E. gadi was the most

common parasite observeti ins the lumen of the

digesti’s’e tract of Atlantic cod originatinmg from

Conception Bay. Amphipods serve as irsterme-

diate hosts while a rsutmber of fists species act

as final hosts (Ekbaum, 1938). Ninsetv-four per-

cent (33) of 35 cod necropsieti prior to experi-

mentation harbored a means of 11.3 (11.1-11.6)

individuals of E. gadi/fish. Ins time third expem-

iment, fe’sver [71% (15)] Hibemnmia-treated fish

‘st’ere parasitized and the nsuimbem of parasites

was significantly hotter in thse latter tharm among

the controls (Table 2). The Vensezuelan oil-

treated group also had a significanmtly lower

prevalence of infection thans the control cod.

In experiment IV, the controls consumed only

slightly more food ( 10�s? ) thsanm time oil-treated

fish but at the conclusions, the mean ‘sveight loss

was significantly greater (2X) in the oil-exposed

fish (Kiceniuk and Khan, 1983). Tisere was nso

food in the stomach of oil-treated fish and the

instestinal contents were flutid iighmt-greens.

At necropsy, all control cod harbometi time

parasite E. gadi in contrast to 70% of the oil-

treated fish (Table 2). The means parasite level

‘st’as also signmificanmtlv greater tisamm tisat of oil-

treated fish.

In the present stutdy, the behavior, appear-

ance and condition of the oil-exposed fish were

consistent tvith the observations from other

studies which indicate that exposuime to oil in-

duces stress in fish (Haw’kes, 1977; Hotlginss et

al., 1977; Patten, 1977; Wang and Nicol, 1977;

McCain et al., 1978; Payne et al., 1978; Fletch-

er et al., 1981; Solangi anstl Overstreet, 1982).

Althouigh fewer parasites occurred in the ex-

perimental fish ins contrast to those necropsied

prior to the present studies, prevalenmces ansd

number of parasites tt’ere consistently lo’st’er in

oil-treated fish. This might be attributed to lack

of nutrients in the hosts’ intestinal tract, direct

toxicity of the ingested crutde oil to the parasites

and/or modification of the gut environment as

a result of oil induced changes in the physiology

of the fish. The tegument of digenean and acan-

thocephalan parasites is actively involved in uip-

take of nutrients from digested intestinal con-

tents of their hosts (Uglem anti Read, 1973; Asch

and Read, 1975). However, it is unlikely that

lack of nuitrients is the cause of the low’ numbers

of parasites in oil-treated fish since in experi-

ment IV both groutps ate about the same amount

of food during the experiment. Marine fish must

drink to osmoregulate. Some of the isvdrocar-

bons ingested are toxic (Malins, 1977) and might

likely cause the helminths to be voided from

their hosts. It is known that fish excrete metab-

ohites of hydrocarbons in bile (Varanasi ant!
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Mahins, 1977) and it has beers found mecenstly

that the bile acid composition is chanmgetl fol-

lowing exposure of cod to oil (Kicenitik, tins-

publ. data). Therefore, oil-indutced cisatsges in

the physiology of fish could produtce chanmges ins

the gut environment of the parasite. The sig-

nificantly lower numbers of parasites noteth ins

the oil-exposed fish might be attributed to time

direct or indirect effect of the ingested oil frac-

tions.
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