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ABSTRACT

Eight groups of parasites {(epicontinental, epipelagic,
nesopelagic, mesobenthic, bathybenthic, bathypelagic, bethyal-
pelagic, polyzonal) are defined in accord with the vertical
zones of the ocean; It is concluded that most of the typical
deepwater parasites are not closely related t¢ certain depths.
As for the meso-, bathy~ and bathyal-pelagic fishes, the ranges
of their specific deepwater parasites colncide to sompe extent
with those of their hosts. The ranges of specific deepwater
parzaites in fishes ecologically related to the bottom are
smaller than the ranges of their hosts. The parasitic fauna
of some Pishes is stated to get poorer with depth at the expense
of secondary deepwater forms and polyzonal species, The number
of ancient deepwater parasite species does not decline with

. depth and only the reduction in the incidence and degree of

infestafion is observed.
INTROTUCTION

Comprehension of the fish paragite circulation, estimation
of the factors affecting their distribution, determination
of their position and role in deepwater biocenoses - these
are the problems of theoretical and practical concern however

very poorly studied.
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Manter (Manter, 1934, 1955) was the first to study the
peculiarities in the distribution of marine fish parasites,
exemplified by Trematoda, in relation to depth. On analysing
80 fish species captured from 80 to 1060 m depths at the coast
of Florida, he found out that most of the trematodes were
dwelling mainly in the upper layers, some épecies - at great
depths and only few of them were observed within a wide depth
range without showing their broad specificity. Manter also
pointed to the trematode fauna diversity decreasing with depth
and many parasites in deepwater fishes having a wide circle of
hosts. |

The scantiness of parasitic fauna (one species of para-
sitic copepod found) was typical for some Pacific bathypelagic

fishes such as Cyclothone microdon, C. pallida, Gonostoma

witjasi, Lampanictus nannochir laticauda, Chauliodes sp.

captured from the 800 to 5720 m depths (Gusev, 11958). At the

Same time 8 species of parasites were found in Macrurus

{Coryphaencides) acrolepis dwelling at frreat depths however
in fhe near-bottom layer.

While discuaéing these findings, Yu. 1. Polyansky (Polyansky,
.1958) expressed the opinion that the formation of deepwater
parasitic fauna is determined by a number of factors including
the temperature regime, the reduced composition of the inter-
mbdiate host fauna, possibly, the physical effect of pressure
and, to a high degree, food compesition, This idea is, to
some extent, corrcborated by the subsequent investigations.

-In particular, the low percentage of infested fish is accounted
for by peculiarities in feeding and by the distance from

fishes to the bottom and to the surface (Oriass et al., 1978;
Zubchenko, 1979). It is stated that the qualitative and
quantitative composition of parasitic fauna depends on the

food spectrum of hoste (Campbell et al., 1980), that for~

- mation of parasite populations depends on the density of fish
populations and their trophic relationship (Noble, 1966),

that near-bottom fishes are infested more heavily than those
dwelling in water nass (Noble, 197%; Campbell et al., 1980;
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Mduchline, Gordon, 1984). The conclusion is drawn that high
‘pressure and low temperature do not hinder the deéelopment of

. parasitism (Noble, 1966; Noble E., Noble G., 1978).
"MATERIAL, AND METHODS

. Qhe distribution patterns of 224 parasite species
(Myxosporidia - 34, Ciliata - 4, Monogenea - 25, Gyrocof&lidea -
1, Cestoda - 28, Trematoda - 72, Nematoda - 14, Acanthocephala -
S, Hirudinea -~ 4, parasitic copepods ~ 37 species) found in
3,?69‘fishes belong;ng to 81 species from 42 families are
‘analysed, Fish‘ﬁere ﬁaken from 100 to 220C m depths ;n the off- .~
'ishore afeas of the>Nbrth Atiantics in the east - on the Outer
:Bailey!s, Bill Bailey's, George Bligh, Rockall, Porcupine and
-:Hatton Banks,.in the central ereas — on the Reykjanes Ridge
- and North Atlantic Rldge from the continental slope of Iceland
- to the Azores, end in the west — off the Baffin Islend and
'Dav1s:Stra1t,_Labrador Peninsula, Flemish Cap and Orphan Banks
f“ggq‘therﬁrand Bank of Newfoundland.

" RESULTS

The analysis of obtalned and historic data shows that
~fish par351tes from thﬂ off-shore areas of the North Atlantlc
“may be divided 1nto,§everal grqups corresponding to vertical
. iones of_the ocean. The zones are designated after T.S. Rass'
’_i(Rass 19673, . . ‘,
Eplcontlnental species, We found them at the depths up

o to 500 m in Squalus acanthias, Raja radiata, R. undulata,

- Conger conger, Brosme brosme, Gadus morhua morhua, G. morhua

 ogac, Melanogrammus aeglefinus, Molva molva, Pollachius pellachius,

- .Zeus faber, Anthias anthias, Pagellus acarne, Antigonia capros,

’ f_Anarhlchas dentlculatus, 4. lupus ’ A, minor, Eutrigla gurnardus,

:Mzgxocephalus scorplus, gxclqpteruu lumpus, Hippoglossoides

platessoides platessoides, Pleuronectes platessa, Solea vulgaris,

- Lophius piscatorius. Epicontinental species are as follows:

"L Myxldlum OV1forme, Myxoproteus elongatus, Ceratomyxa appendl-‘

;TCulata, Chloromyxum leydlgl: Trlchodlna cottldarum. T. domerguei
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'subsp. saintjdnsi, T, murmenica, Tripartiella sp., Gyrodactylus’

. gronlandicus, G, marinus, G. pterigialis, Calicotyle kroeri,

{ Erpocotyle laevis, Squalonchocotyle abbreviata, Diciidophora

 d¢nticulata, Pléctanocotyle gurnardi, Fistulicola dalmatinus,

~ Abothrium gadi, Pyramicocephalus phocarum, Echinobothrium raji,
Sggxriocgphalus tergestinﬁs, Lacistorhynchus tenﬁuis, Ptero-

' bothrium lintoni, Anthobothrium cornucopia, Echeneibothrium

. . ¥ariabile, E. fallax, Phyllobothrium lactuca, Ph., minutum, Fh.

‘trldax, Trilocularla acanthlae—vulgarls. Aporocotyle 51mplex,

‘*Fellodlstomum fellls Steringophorus agnotus, Steringotrema

S ovacutum, ‘Zoogonoides viviparug, Diphtercstomum microaceta-

. bulum, beretxema pycnorganum, Lepidophyllum steenstrupii,

f 'anidapédon microcotyleum; Acanthopsolus anarrhichae, Opechona

""i»baclllarls, Hellcometra 1nd1ca, Plagloporus idoneus, Podocotyle

.'{.atomon, Prosorgxnchus squamatus, Buceph3101des gracilescens,
5._ rogenes crassus, Lecithohirium rufov1r1dae. Brachsphallus

:}_“crenatus, Adlnosoma ggewskaxe, Pseudaenisakis tricu ola, Cucullanus

’ clrratus, C. hiang, Ascarophls morrhuae, Malmlana brunnea, M.

' scorpll,'Johansonla arctlca, Platybdella gggrrhlchae, Sarcotaces

m’“;arcticus; Chondracanthus lophii, Acanthochondria cormuta,

- Lernentoma asellina, Caligus curtus;‘g. elongatus, Lepeophteirus

?ipollachii,-Dinemoura producta, Eudactylina acanthii, Lernaecocera

+.branchislis, Charopinus dalmanni, Schistobrachia ramosa, Dend~ .

. rapta cemeroni, Lernaeopodina longimana, Lernasecopoda galei,

‘1 ~01a§e1lodes ruzoss. A low infestation of hosts shows thét
-”theée‘barasites are not typical for the off-shore areas of
*the'Norfh Atlantic and they occur thers occasionallyq This

“is conflrmed by the fact that none of these species was

ﬁi\found both in ancient andg secondary deepwater fishes,

- Epipelagic species. They are not numercus and may be

found in Mallotus willosus villosus, Borecgadus saida, Micro-

_lmeSistius poutassow, Regalecus glesne, Caranx ronchus, Trachurus

'trachurus}'Brama brama, Coryphasna hippurus, Scomber scombrus

. mainly a% the depths up to 600 m. This group includes
’V S2haefom3xd'ﬁelland{[, Myxobolqg'geglefini, Diciidophora minor,
Gymnorhynchus gigas, G.horridus, Pelichnibothrium gpeciosum 1.,

" Tetrochetus mitenevi, Opechona orientalis, Anisorchis opisthorchis,

T




Hemiurus communis, Lecitaster confusus, Corynosoma strumosum l.y .

Bolbosoma vasculosum 1. These parasites are not found in deep~

water fishes, though sometimes their hosts bring them into

meéo— and bathy-pelagial (Sphaeromyze hellandi, Myxobolus

‘agglefini, Diclidophora minor, Corynosoma strumosum 1. and

some others). Once Bolbosoma vasculosum 1. was registered

at the 800-1250 m depths. In this case we can only speak of

an occasional penetration of some parasites from epicontinental
éﬁd epipélagic gréups into adjacent deepwater layers.

. Mesopelagic species, They are found mainly at the 200 to

800 m depths in Hexanchus griseus, Maurclicus muelleri,

Chauliodus spp.,Alepisaurus ferox, Lampadena gpeculidera,

Notolepis rissoi, Nemichthys scolopaceus, Trachipterus arcticus,

. Ruvettus pretiosus, Helicolenus dactylopterus, Sebastes marinus,

S. mentella. This group includes Myxidium incurvatum, Lepto-

theca macrospora, Protocotyle grisea, Mycrocotyle caudata,

Gempylitrema longipedunculatum, Bothriocephalus scorpii,

Hepatoxylon trichiuri, Phyllobothrium dohrnii, QOtodistomum

veliporum, Rhipidocotyle sp., Dincsoma Hortum, Lecithophyllum

bothriophoron, Cucullanus heterochrous, Ascarophis £iliformis,

-Chondracanthus nodosus, Sagum sp., Peniculus clavatus, Sarco-

- trotes eristaliformis, Sphyrion lumpi.

Mesobenthic species. These are found at the 400 to 1300

m depths in Argentina silus, Chimaers monstrosa; Onogadus

argentatus, Urophycis chuss, Licodes esmarki, Glyptocephalus

" ¢cynoglessus, Hippoglossus hippoglossus, Reinchardtius hippo-
gloseoides, and are represented by Myxidium sphaericum,

~ Zschokkells hildae, Ortholinea divergens, Schulmania aenigmatosa,

= qﬁadrilobata, S.,ovale, Ceratomyxa drepanopsettae, C.ramosa,

. Leptotheca simplex, Alataspora sp., Calicotyle affinis, Chimaeri-

cola lgptogéster, Polipnicola argentinae, Gyrocotyle fimbriata,
Steringophorus furciger, .Stegancderma formosum, Lepidophylium

camefoni.'Stephanostomum baccatum, Lepidapedon elongatum,

L. rachion, Helicometra plevmornini, Podocotyle reflexa,

Stenakron vetustum, S.quinguelobata, Spinoplagiopeorus minutus,

Genolinea laticauda, Gonocerca crassa, G. macroformis, G. phy-

_cidis, Ascarophis arctica, Spinitectus cristatus, Capillaria

L e mm e bmdha cte m o el e e e ———
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kebatai, Diocus frigidug, Lepeophteirus bippoglossi, Hatschekia

bippoglossi, Neobrachiella rostrata, Clavella pinguis, These

“two groups are transitive in a way. Some species belonging to

- them (Myxidium incurvatum, Leptotheca macrospors, Ceratomyxa

drepanopsettae, Steringophorus furciger, Chondracanthus nodosus

etc.) may be alsc found at shallower depths. Occurrence of
the parasites from these groups at great depths may be related,
as regards those with the direct life cycle, with the biology
" of hosts aﬁd for the parasites with the complicated life cyele
.with the distribution of intermediate hosts and low final host
‘specificity. This is, as a rule, btypical of the parasites in
the sécondary deepwater fishes, Penetration of elements‘from
. These groups intc deeper layers is exemplified by infestation

of bathial-pelagic fishes with Zschokkella hildae, Lepldapedon

ielongatum,‘E. rgchion, Gonocerca crassa, Capillaria kabatai,

' Lecithophyllum bothriophoron,

Bathybenthic species. They were found in a wide depth'ranée

(4QO—1§bp‘m) in Kotacanthus nasus and Macrourus berglsx.

' - and inelude Zschokkella kudoi, Sinuolines magna, Davisia

newfoundlandia, -Syncoelicotyle polyorchis, Cyclocotyloides

pinguis, Atlanticotyle potacanthi, Anvorchis spinosus,

Clavellomimus macruri. This list of parasite species will

probably be amplified in the course .of further investigations.
Bathypelagic -species. None of these were found probably

‘because of .few fish (3 spec; of Mazlacosteus niger) from the

bathypelagic.ichthyocéne analysed. Besides, it seems to be
~one of the poorest groups of parasites. This conclusion

mey be drawn if we take into account the data of A.V.Gusev
-(Gusev, 1958) and Mauchline and Gordon (Mauchline and Gordon,
:1984) who did not find nelminths in the stomachs of pelagic

_.ftish from O to 2500 m depths,

Bathysl-pelagic species. These parasites dwell at 600
%o 2200 m depths. During vertical migrations of hosts they

ascend o upper (td 400 m) layers. These species are as follows:

' Myxidium melanocetum, M.melanostigmum, M. profundum, Myxidium

sp.,.Cergtimyxa tenuispora, Leptotheca coelorhyncha, L.auadri-

taenia, Auerbachis anomasls, Palliatus indscorus, Myxobolus iair-

N
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di, Trilospora minuta, Diclidophora attenuata, D.caudata,

D. macruri, D.nezumia, Paracyclocobyle cherbonnieri, Chori-

cotyle oregonensis, PFrobothriocephalus nuelleri, Parabothrio-

cephalus macruri, Philobythoides stunkardi, Paraccacladium

jamiesoni, Steringophorus pritchardse, S. profundum, S.thulini,

_-Olesonium turneri, Steganoderma abyssorum, Hudsonia agassizi,

Lepidapedon luteum, Genitocotyle atlantica, Bathycreadium

eglongata, B. flexicolis, Bathycreadium sp., Podocotyle olssoni,

Gonocerca macrouri, Glomericirrus macrouri, Dinosoma triancu-

lata, Lecithophyllum antercporum, Johnstonmawsonia sp.,

Euzetacanthus simplex, Sarcotaces komaii, Chondracanthodes

radiatug, Lateracanthus qudribedis, Lophoura bouvieri, Periplexis

lobodes, Neobrachiella sp., Necbranchia auriculata found in

Alepocephalus bairdi, A. agassizi, Antimora rostrata, Moras moro,

Lepidion eques, Trachyrhynchus trachyrhynchus, Trachomurus

C.occa, Coryphaenoides

rupestfis, Co longifilis, C.,armatus, Nezumig bairdi, Chalinuras

mediterranes, g.simula, C.brevibsrbis, Coryburus sp., Beryx

'decadactylus, B. splendens, Epigonus telescopué, Aphanopus carbo,.

"This group of parasites, in our opinion, is quite unique first
- and foremost because they adapted to rather a wide depth range
- (400-2200 m). Many bathyal-pelagic parasites show stringent

specificty., With few exceptions, they bhave a narrow circle of
hosts and:are not found in fishes from other groups;lt may be
supposed that éhel2200 m depth is not the 1limit of their
distribution..

. Polyzonal species. We believe it necessary to distinguish

this group of parasites which includes such widespread species

‘as Grillotia erinaceus 1., Scolex pleuronectis l., Derogenes

varicus, Hemiurus '1avinsen_:‘_., Lecithaster gibbosus, Anisakis

simplex 1., Hysterothylacium aduncum, Pseudoterranova decipiens 1.,

Echinorgﬁnchus gadi, Clavella adunca, These parasites .adapted
to dellinngithin a wiﬁg depth range (in our surveys they were

found from 100 to 2200 m depths), but in contrast to bathyal-
DPelagic species they do not show stringent host specificity

and are fouwnd in fish from different groups, i.e. they are

widely spread not only horizontally but vertically as well,
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DISCUSSION
Substantial levelling of numerous biotic and abiotic factors
Such as salinity, temperature, content of dissolved substances
etc, at great depths diminishes noticeably their role in
the formafion of parasitic fauna in deepwater fishes in con-
trast to comparatively shallow shelf zones where these factors
affect greatly the distribution of parasites,Moreover, it
'furned dut that even a high stenothsrmic degree of deepwater
'fishes'(Ekﬁan, 1953) -does not hinder the vertical distribution
xof deepwater parasites including those with the complicated
life cycle.A
* Though typlcal deepwater parasites were absent from the
zohe above_the thermocline (300-400 m), most of them do not
exhibit strict correspondence to certein depths, and their
ver‘k;ical distribution coincides to some extent with that
of their hosts which is well exemplified by specific parasites
in Aléfocephalidae and Macruridas. Their adaptation to the
' environmental changes they are exposed to during vertical
‘migfations of their hosts is inéicative of ancientness of
parasitic fauna formation at great depths, This is also con-
firmed by the fact that most of these parasites except
" Myxidium melanocetum, M., melanostigmum, Steringophorus pro=-

" fundum, Steganoderma abissorum, Lecithophyilum bothriophoron,

.Cagiliaria kabatai, show a stringent specificity relatively
: a narrow circle of hosts within the analysed families.

; In ‘this connection it may be supposed that the distri=-
bution of deepwater parasites is grestly affected by deep
currents, As a rule, the temperature of transported waters

_‘.‘ differs greatly from ambient temperature. This is also typical -

“ “of the surveyed.areas ir the North Atlantic with cold waters
fron fhe:polar regions brought by deep currents. They limit
spréading of parasites the life cycle of which is related

- to benthlc animals end promotes that of myxosporldlans,

fparasmtlc copapods, some polyzonal apeC1es tha life cycle
©of” which is connected with pelaglc animals, and cold-water
'f‘ié";Jf‘ﬁ'f9r?§?39f‘lqgt§nca’ of 26_parasit§‘species found in rock

P
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srenadier (Macrourus berglax) from tns Canadlan and European

contlnental slopes and ths Reykaanes Rldge only Auerbachla

anomala, Gonocerca crassa, Anlsakls simplex l., Capillaria

kabatai appeared to be common, All of them are very w1dely

T distrlbuted. For any two areas elght species were common

-of which gxxidl melanostlgmum, Scolex Qleuronectls Ley
zstarotgzlacium aduncum, Echlnorhynchus gadi, Clavella ‘

adunca are also W1desprsad. Most of these parasites are
Arctic-boreal forms and only M.melanostigium and A.anomala
‘seem to be of Paclflc-orlgln but they do not belong to ‘
s;wsrm wstér speciés'as they are typical deepwater species. :
The ranges of all BPGlelC parasites of rock grenadier are
llmlted and are smeller than those of their host which is -
:,‘a typlcal benthophague. and does not perform long mlgratlons‘
:tthus~eiciﬁding cbntact betweén fishss from different areas
‘snd the possibility of transfer of their parasites. The similar
'-siﬁuation observed for all ths analysed fishes related eco- l
loglcally to the botton. was produced, to our mind, by the
isolatlng effect of deep currents. ]

In meso—, bathy— and bathsal-pelaglc fishes the ranges
of typlcal deepwater parasites, as.a rule, coincide to some
extent with those of their hosts. ThlS concerns most of

'i the parasites of roundnose grenadler (Coryphaencides rupestrls)

' sllckheads (Alepocephalldae), Moridae and other fishes and
ig related both w:Lth mlgratlons of fish themselves and of

dlfferent pelaglc anlmals belng 1ntermedlate nosts for these

paras;tes.
Among the factors affecting Vertlcal dlstrlbutlon of

par351tes hydrostatlc pressure 1s ratber important. This ldea

' expressed earller by Yu I. Polyansky (Polyansky, 1958) is proved

1ndirectly by our data. If we analyse the species compesition

of parasztes 1n deepwater flshes we shall see that none of

the par351tes typlcal of the flShBS from shallower areas, except

polyzonal species, adapted to’ great depths Infestation with'

‘ polyzonal specles most llkely ‘occurs during daily vertlcal

- mlgratlons of deepwater flSheS to “the thermocllne zZone where

EPR

;. ;ntermedlate hosts-of thess paragites dwell or while preylpg
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on me so- and Bathypelagic fishes infested with these parasites.
Some deepwabter pelagic animals seem to be .intermediate hosts
‘of these parasites but this point remains unsettled beczuse

of its being poorly .studied, Acanthocephalan Echinorhynchus

gadi - (with Amphipoda as an intermediate host) and parasitic

crustacean (lavella adunca seem o be the only species adapted

‘to great depths. This is confirmed, in particular, by a high
. infestation (46.6%) of rock grenadier from the 1200-1300m
'depthsﬂon the ‘Flemish Cap with these parasites. This typical
. représentative of ancient deepwater fishes, leading a settled
'life, has . low probsbility of being infested with these
para51tes at shallower depths.
. - Many typlcal deepwater parasites have a wide vertical
'distributién, which is undoubtedly related with the adaptation
of these parasites to:vértical migrations of their hosts,
both interﬁediaté (plankton vertical migrations have a notable

aﬁplitude (Vinogradova, 1952) and definitive. In this case

- we have a good example of the life cyclea of parasites adaptlng

to the pecullarlties of thelr hosts lives as well as to
significant variations in pressure and temperature,

We have already mentioned the few authors dealing with
© .the parasitic'fauna of deepwater species who spoke of its
getting much poorer with depth both in guality and quantity.

Really, as for freely dwelling organisms, the number
of species and théir‘biomass rapidly decline with depth
(Zenkefich eﬁ al., 1955; Zenkevich, Birshtein, 1955). However,
" there ﬁre'some exceptions. In particular, at mean oceanic
depthé (from 500 to 1500-é000 m) no clear decline in macro-
‘_plankton quantlty, in contrast to mesoplankton, is observed
(Bpodsky, 1952; Birshtein, Vinogradov, 1955; Vinogradov, 1977).
Besides, the ratio of ancient and secondary deepwater orga-—
nisms_changes with depth. For most of secondary deepwater
organisms - the number of;species declines regularly and sharply
-while-thét of ancient deepwaber animals increases with depth,
‘and only having approached the lower abyssal and ultra-abyssal
it starts decreasing (Vinogradova, 1958; Zenkevich, Birshtein,
1961). All this cannot be neglected Whlle studying the for-

'matlon of deepwater fish par331t1c fauna,




- 11 -

Secondary deepwater parasites include all polyzonsel

" species as well as Ortholinea divergens, Ceratomyxa drepano-

settae, C. ramosa, Leptotheca simplex, Steringophorus furciger,

'.Steringotremé ovacutum, Stegancderma formosum, Lepidapedon

elongatum, L. rachion, Helicometra plovmornini, Podocotyle

reflexa, Stenakror vetusbum, S.quinguelobata, Genolinea

laticauda, Gonocercg crassa; G. phyeidis, Cucullanus heterochrous,

Ascarophis arctica,Capillaria kabatai, Lepeophteirus hippoglossi,

‘Hatschekia hippoglossi. Each of these parasites has closely

related shﬁlléw water species-thns proving its consanguinity
.with shallodwaters, They have not yet managed to isolate
mo:ﬁhblogically. It is possible that representatives of

j the genus Schulmania-close to Myxoproteus gen. but larger,
with thicker shell valves ana keel-shaped formations for

: soarlng, belong Lo secondary deepwater forms. Nearly all
the above par351tes cannot penetrate below 600-800 m even
in ancient deepwater fishes dwelllng within a w1dg depth
range. For instance, in rock grenadier and Nezumia bairdi

from the 400-600 m depths Geneolinea laticuda were found

rather frequently (respectively, in 53.% and 28.6% of

the fish analysed).,At 900 to 1300 m this parasite dlsappears.
The similay situation is observed with the infestation by
"'Gﬁnocerda grasge and other parasites. Nematoda Capillarié
kabatai does not disappear with depth but its occcurrence,

for example, in Negumis bairdi from 400-450 and 1100 m depths
idecraases from 42 9% to 25.0% (mean degree of infestation
declines from 1.4 1nd._to 1.2 ind, per host). The incidence

of infestation by Lepidapedon elongatum, rather significant
Vin fishrfrom 600-700-m depth (31,3% for cod Gadug morbua,

the mean degree of infestation being 11.75 ind. per host),
decreases noticesbly with depth (29.1% and 0.85 ind./host

for Trachyrhynch trachyrhynchus , 20,0% and 0.2 ind,/host
for Lepidibn‘e ues, 16.7% and 0.2 spec./host for Coryphae-
- noides longifilis, 6.6% and 0.13 ind./host for Antimora

rostfata). Below 1100 m depth this parasite is not found,

Qualivative and quantitative composition of secondary deep-

water parasites in_such fishes as iicodes gsmarki, Glypto-
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related shallow water species thus proving its consanguinity

with shallow waters; They have not yet managed to isolate
‘mprﬁhologically;‘lt is possible that representatives of

the genus Schulmania close to Myxoprotéus'gen. but larger,

with thicker shell valves an¢ keel-shaped fo?mations for

soaring, belong to sedondary deepwater forms, Nearly all

the above parasités cannot penetrate below 600-800 m even
_in ancient deepwater fishes dwelling within a wide depth

range, For instance, in rock grenadier and Nezumia bairdi

* Prom the 400-600m depths Genolinea laticauda were found
rather frequently (respectively; in 53.3 and 28.6% of
tha'fish‘analysed). At 900 to 1300 m this parasite disappears.

The similar situetion is observed with the infestation by

‘Gonocerca crassa and other parasites., Nematoda Capillaria

~ kabatal does not disappear with depth but its occurrence,
for example, in Nezumia bairdi from 400-450 and 1100 m depths
*decfeasgs from 42,9 to 25.0% (mean degree of infestation
‘deciines from 1.4 ind. to 1.2 ind, per host). The incidence
of infestation by Lepidapedon elongatum, rather signifiéant
in'fish from 600~700 m depth (31;3% for cod Gadus morhua,
the mean degree of infestation belng 11.75 1nd. per hos¥),.
decreases noticeably with depth (29 1% and 0,85 ind./host
for Trachyrbynchus trachyrhynchus, 20.0% and 0.2 ind./host
for Zepiaion sgues, 16.,7% and 0.2 spec./host for Coryphae-
noides longifilis, 6.6% and O;ﬁB ind./host for Antimora

' rostrata). Below 1100 m depth this parasite is not found;

_Qualitative ard quantitative composition of secondary deep-

~ water parasites in such fishas as Licodes egmarki, Glypto-

cephalus Qynoglossus, Hipppglossus hl oglossus, Reinhardtius

Epoglossomdes decreases with depth. The infestations with
'1'polyzonal sp301es-both of secondary and ancient deepwater fishes
: also reduce.
) Thus, parasztlc fauna of some fishes gets poorer with
- depth at the expense of secondary deepwater forms and polyzonal
species. Manter {Manter, 1934) who dealt with such forms of
parasites, indicated scantiness of digenean faupa growing with

"depth at the coast of Florida.

. e T e e e e e
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Slightly different situation is observed in the distri-

bution of ancient deepwater parasites %o which belong Myxidium

" melanocetum, M.melanostigmum, M. profundum, Myxidium sp.,

Zschokkella kudoi, Sinuolinea magna, Davisia newfoundlandia,

" Ceratomyxsa ﬁenuispora, Leptotheca coelorhyncha, L, guadritaenia,

Auerbachia anomala, Palliastus indecorus, Alataspors s8p.l.,

Myxobolus 1alrd1, Trilospora minuta, Calicotyle gffinis,

Chimaericola leptogasgter, Syncoelicotyle poliorchis, Diclido=

phora attenuats, D. caudata, D. maeruri, D, pezumia, Paracyclo—

:.cotyle cherbonnlerl, Chorlcotgle oregonensis, Cyclocot3101des

in 15, Atlantlcotgl notacanthl, Gyrocotyle fimbriata, Pro-
bothriocephalus muellerl, Pargbothriocephalus macrurl, Philo=-

byth01des stunkardl, Gymnorhynchus horridus, Paraccacladium

aamzasoni Antorchls spinosus, Antorchis sp., Antorchis sp. i,

Steringophorus pritchardae, S. thulini, Olssonium turrert,

Hudsonia agassizi, Zoogonidae gen. Sp., Lepidapedon luteun,

Egthycréadium elongata, Bathycreadium flexicolis, Bathycreadium

Gohocefca maﬁrouri,'Dinosoma triangulata,'Lecithophyllum ante-

.roporqg; Eugetacanthus simplex, Sarcotaces komaii, Chondracan~

"thbdes‘rédiafus; Lateracanthus quadripedis, Lophoura bouvieri,

Periplexisrlobodes, Clavellomimus macruri,

As for the para51tic fauna of saparate deepwater species,

the number of‘parasites and degree of infestation decline

_'with depth notably. In Trachyrhynchus trachyrhynchus from

the Northeast Atlantic 25 species of parasites were found

at the 800-900 m depths and in the central areas only 4 species
at the 1500 - 1950 m depths. In rock greradier from the Northwest
Atlgnt;c 8.parasite species were found at the 1200-1300 m depths
and 20 species - at the 400-600 m depths; At the same time-

© the parasitic, fauna of Nezumia bairdi comprised 8 species

at‘the;1100 - 1120 m depths and 5 specles at the 400-450 m
depths (Zubchgnko; 1981). In Alepocephalus bairdi from

:_ the Northeast (1500-1530 m deep), central (1900-1980 m deep)
and Northvwest Atlantic (500-700 m deep) 12, 11 and 13 para-

site species, respectively, were found (Zubchenko, 1984),

No significant qualitative'dr quantitative differences in
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K the_poras;tic_fauna:of roundnose grenadier from the 700 to
ﬁ6bo m'depthsloff the Outer Bailey's Bank were observed (Table 1
'Saopiesawere taken overy 100 n during 24 hours,
Where does the reasox for thcse dlqcropanCLes lie?

' .The analy51s of par351tlc fauna in Trachyrhynchus trachyrhynchus

'-‘g'“::' and -rock grenadler showed that among the parasites Iound in

'them secondary deeowater (Hepatoxylon trichiuri, Steringophorus

:fprofundum, Staganoderma abyssorum, Lepidapedcn elongatum,

:iiL. rachlon, Genollnea 1atlcauda, Gonocerca crassa, Cap'llaria

.?gﬁkabatal, Splnltectus crlstatus, Spgzrlon umpi. ) and polyzonal

'~'Jspe01es (Grlllotla erlnaceus 1., Scolex pleuronectls 1.,

: ﬁ_t¥'Hem1urus lev1nsen1, Derogenes varicus, Anisakis simplex 1.,

‘onhlnorhynchus gad1) were domlnatlng. Para51t1c fauna of the .

%analysed flShGB gots poorer prlmarliy ow1ng to the dlsappearance'

[of these specles. At the same tlme in Alepocephalus balrdl _'

:{and roundnose grenadler an01ent deepwater 5pec1es such as

;ufMJXLdlum melanocetum M. melanostlgmum, M, profundum, Auer-

. bachla anomala, Palllatus 1ndecorus, Diclidophora macruri,

’ Par301clocotyle cherbonnlerl,-Probothrlocoghalus muelleri, .

'=Phllobx hoidés stunkardl, Paraccacladium ﬂamlesonl, Ssteringo—~

'phorus prltchardae, Olssonlum turnexri, Hudsonla aga55131,

'?Gonocerca macrourl, Dlnosoma triapgulata, Lecithophylium

"-anteroporum,'Lateracanthus-quadrlpedls, Parlplex1s lobodes

domipate and théir number does not decline with depth, though
' their aouodanCes-go'dOWn noticeably which may be well exempli-

--ikgfzi~ﬁ fied by some parasite species’in’Alepocephalus pairdi. In

';:the Vorthwest mortheast and central Atlantlc with compara-—

"otlvely similar 1nc1denoe of 1nfestatlon by Steringophorus

lpritchardae (75u0, ©6.6 and 53%.3%, respectively) and Hudsonie
n;agassiii (93.8, 62.7 énd_GQaC%) the mean-degree of infestation
Hby theselfromatodeS'sharply declines with depth (11.63, 2.33
ond 4{1 ind. per host for §; Eritohardao and 15.19%, 1.98 and
.93 ind. per host for H. agasoizi);
' -In the first instance scantiness of parasitic fauna in

f_Trachxrhvnohus trachyrhynchus. and rock grenadier increesses

w1th depth at the expense of seoondary deepwater species

related in. thelr development w1th benthos and mesoplankton:
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in ‘the second case (Alepocephalus . bairdi and roundnose gre-

nadier) the qualitative diversicy (naturally, relative) is

‘observed at all depths in the fauna of ancient deepwater

parasites, the majority of which is related with macroplankton.

This is typicel of all deepwater fishes and depends on the

'clospness of relationship between them and the bottom and

water mass; on food spectrum (qualitative composition of

) parasites) and bicmass of organisms beingz intermediate

hosts (1nc1dence of 1nfestat10n).
Thus, sacondary deepwater species dominated at great

uepths, namely, at the depthe from 500—400 to 2200 m at the

upper bathyal Whlle anc1ent deepwater parasites - at the lowera

What is "the percentage of parasites found in fish from

the off-shore areas of the North Atlantic? For sncient deep-

water forms Myxosporidia amount to 44.1% of the total amount

‘of these parasites, Monoéenoidea - #.,0%, Gyrocotylidae -
100%, Cestoda - 17 5%, Trematoda - 23.6%, Acanthocephala -

- 20. O%, Crustacea ~ 16.2%, for secondary deepwater £orms

waosporldla - 25,5%, Monogenoidea - 16,0%, Cestoda - 10 %,

'Tregatoda - 20.8%, Nematoda - 28.5%, Crustacea - 13.4%.
The above figures show that at great depths the most abun-

dant are Myxosporidia and Monogenea, apparently, owing to

“the direct life cycle in the parasites from these taxons,
not complicated by the change of intermediate hosts. Besides,
Msxosporidié have developed a number of morphological for-

metions promoting their penetration to great depths. Adape
tation to great hydrostatic pressure may be exemplified by

Myxosporldla of the genus Myxidium (M. melanoc:etumL M. melanow-

' stigmum, ‘M. profundum) having large spores, th:Lck shell

. valves, capsules of different size which direct the spore

vertically, coarse polar filements. Myxosporidiens of the

génus Palliatus and Leptothega quadritaenia having lerge

spbrés and polar’capsﬁles‘and, at the same tima, mantle-

: .shaped formatlons and band-like offshoots used for soarlng,

'adapted to parasitlzing in bathyal-pelaglc fishes, Generally,

large spores and polar capsules are typlcal of deepwater '

flshes. For instance, Myxidium gigantissimum with gigantic
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 8pores more than 1QO}Jm in size was found in Alepocephalus

.gustralis (Dubina, Isakov, 1976},

" In other deepwater par351tes 1ncludlng ‘those with the
compllcated life cycle it is difficult to detect any mor-
_Tphologlcal formations. They are probably availsble in larval
freely dwelling settling stages which at certain periods
of the:life cycle are not profected from the exposure to
thé_eﬁvirpnment. In parasites with the complicated life
'cycleradaptation to a sharp decline in number of species
and biomass of intermediate hosts with depth is possibly
manifested in high productivity; In particular, represen—
'tativeé of Fellodistémidae, Zoogonidae, Derogenidae,.
-Hemiuridae, being of high fecundity, are the most frequent
 §mong frematodes in deepwater fish.

Hot‘all large taxons of par;sites are represented at
'great-depths. No leeches were found in deépwater fish and it
is hérd'to say if there are any at all or they may quit
their:hosts during‘fish ascending; Nore of Cilicata and
Pdlyonchiﬁea.were found which may be accounted for by
. recent. secondary trasition of the parasites from these
groups to other marine fishes. Besides, no representatives
of Diﬁhyllidea and Tetraphyllidea or other smallexr taxons
wefe‘obaerved in'deepwater fish; -

We.coﬁsidar it interesting that In deepwater fishes
..1argé taxons on the level of orders and families relate to
ancient and secondary deepwater groups (Andriyashev, 1953;

“Rass, 1959). The taxonomic rank of the known gsystematic

e groups of typical deepwater parasites is an order lower,

‘Thus, at present the following families may be related to
them - such as Alatasporidae, Trilosporidae, Chimaericolidae,
Papabothrioceﬁhalidae, Philobythidae of the gernera Alataspbra,
‘ Palliatus; Syncoelicotyle, Paracyclocotyle, Choricotyle,
CyclOCOtyloides; Atlanticofyle, Hudsqnia, Steringophorus,
Periplexis, Clavellomimus' and some otbers not distinguishing,
.as a rule, by a varlety of species, Gyrocotylidae is the only

.'large taxon of para51tes typical of large depths,

.
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The peculiarity of deepwater parasivic fauna is mainly

manifested at the species level, In this fauna endemic species

‘make up 45.2%, their occurrence being much higher (73.0%)

in fishes dwelling at a lower limit of the analysed depths

{Coelorhynchus coaiorhynchns, C. oceca, Coryphaenoides longi=-

f£ilis) compared to such as Alepocephalus bairdi, Trachyrhynchus

: trachyrhynchus;-Gorxphaenoides rupestris and Macrourus berglax

dwelling within the whole depth range (57.,1%). Thus, endemisn

‘at the species level grows with .depth,

‘Endemism in higher taxonomic groups is not zreat, by

.- our datd, and is represented by 22 endemic genera of parasites

"" 'which account for nearly 22.6% of the total number of observed

genera, by three endemic families Alatasporidae, Chimaeri -

colidae, Philobythiidae and one class Gyrocotylidea.

I% is hard to say if such low endemism abt higher taxonomic

levels is the consequence of lower rates of evolution of large

" taxons of ‘deepwater parasites or of comparatively late settling

of Parasites at great depths. It is possible that the above

. sbiotic and biotic factors effecting the distribution and

- isolation of species are not the reliable barrier isolating

.la:ge taxons of parasites. This may alsc relate to parasites

with the direct life cycle including'szidium.melanocetum,

S M helagostigmum, Averbachia anomala, Diclidophora caudata,

D. macruri, Cyclocotyloides pinguis, Lateracanthus guadripedis,

: Periﬁlexis lobodes and others, and some of them (M.melanocetum,

M. melanostigmum, A. anomaia, C. pinguis, L. guadripedis)

. are-found in the Pacific and Indian Oceans.

Dwelling. of parasites with the complicated life cycle
in different hosts seems to be a rather good isclation from
the environment of the 18t order., This generates high rates

of spedies formation in some groups of parasites which is

.testified by a high number of species with stringent specifi-

- ¢ity (©1.1%) and the variéty of ancient deepwater trematodes

‘increasing with depth. |

‘The role of species with a wide vertical range Torming

the part of parasitocenoses of deepwater fishes is not great,
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All these parasites (Zschokkella hildae, Scolex pleuronectis l.;

Hemiurus levinseni, Derogenes varicus, Anisakis simplex 1.,

Hysterothylacium aduncum and some others) are also widely
spread horizontally. These species do not characterize
the‘éﬁcientness of deepwater parasitic fauna and are late
settlers. Namely these species determine on the main the
degree of similarity of parasitic fauna in separate deep
dwellers.

Thus, the formation of parasitic fauna in deepwater

- fishes is influenced by a number of factors which are of

low-impoftance af shallower depths. This fauna is very

specific and comprises a great number of endemic species,

~-and only a small group of world-wide distributed parasites

links the parasitic fauna of deepwater fishes with that of

" Shelf and epipelagial dwellers.

For -deepwater fish qualitative and quantitative scanti-
ness of parasitic fauna growing with depth at the expense
of secondary degpwater forms of parasites is typical. These

forms are'replaced by ancient deepwater parasites at great

Gepths the gualitative composition of which does not suffer
~any notable changes at the 400-2000 1 depths but the incidence

of fish infestatiorn with them declines sharply with depth.
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