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STUDLES ON OYSTER SUAVENGESS AMD GHIBIR ReLaSIon

TO ¥UE FUNGUS DISEASE DERMOCYS?IDIUM }:AE{'U-;'UMI

INFEODUCTIONR

Véi'hhin the pest decwde theruy heve been several studiss on tiue
biological structure of o;v:atar'reofs. These studies, however, gave
few insights into the dynamics of oyster communities. The extensive
stulies of Hedgpeth (1953), Cuuser (15865), smd Perker (1855, 1969)
in Texas and Korringa (1951) in Holland wers largely convernsd with
sessile forms, end the highly motile fishes wont salmost unnoticed,
¥hile these studies clearly emphasiged immotile orpanisms, the present
study leans iy the oppesite directlon,

This study stsrted fron oasual obsarvations of oysber fishses, and
progressed vo camparisons of mortelity of oysters with activity of
other members in the comamunity, Mortality of ovsters in the study area
occurs predcominaiely in the wermer months; in uhesaposke Bay this is

caused by Dermooystidiwn marinum, a fungous pm'aaiteﬁ and by @ newly

discovaraed sporogoan, 1nis mortslity occurs when many orgeanisms ere
active in the community., Some of thess oyster associstes, as they are
herein termed, ars scavengers of dying oysters and cbviously ingest
calls of oyster perasites; dlsesse ceusing death weking the oyster
available, The importsuce of what sppeared to be intersstion betwem
mexbers of the oonmunity and a general depandenoy among these marbers
was apperent eurly in the study, 7The convept of the oyster biocosneais

is quoted widely, but has received little expansion. While this stdy
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was not concarnsd with the whole oamaunity, its maln interest has been
to show the role of f'ishes, orabs, and a few othey scavengers in the

comzunity, especially in their relationship to ths oyster, Crassostrea

virginion (CGmelin 1790), and 4ts perasitio fungus, Dermooystidiwm
marinua Maockin, Cwen, and Collier 1680,

Gathering of informmation on oyster fishes began with observaiions
during other studies for the Marine Leboratory of the {exas Geme ami
Fish Commission, Studies in Virginla were incidental to oystor morte
ality stvudies on the Esstern Shore of Virginis, with occasionsl obsere
vations in other parts of Virginia, Deleaware, snd Haryland, Hany
oyateﬁa@n and dealers graclously gove their time, oysters, and squip-
ment, and helped catoh specimens, particulerly . M, scuff, Ralph
Clurk, Elweod Gasking, and W. B, Walker, Mr. 8, M. Acuff kindly
donated an ovster reef for soavenger studies. Dr, Je. D, Axdrews intproe
dused the weiter to ths Chesapsake srea ayd supplisd muoh int‘omation

on lermocystidiume Ur., 5. Ho Hopkins provided infomntionlr adviea,

wid essisted swamer field studies, MNigs Evelyn Welle provided valuable
help secwring references, W, T, Davis, snd later R, D. Hiclkman and
Bonnie Calleway, assisted both field and lsboratory studies in Virginia,
We T, Davis drew figures 1, &, 6, and 7, Mr. Tom K, Burton, Jr, photo=
graphed figures 8 and 4. Mr. Michesl Castagna hdppily provided infore
mation and specimens from Chincobsegue Bay, Mr. Kon Parks of the
Accanack County Health Department sterilized medis and eqmsment g Ao
wglfifga/.pvo;ﬁ&ng numarous olher o;)ﬁémgzvjatxene. For identifications

I am indebted to the following speclalists: oopepod, Dr. David Causey,
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University of Arkenses; leooch, ¥r, Po Jo S, Rej, University of Comnnecte
icut; sponges, sea squirts, Dr, Sewell H, Hopkins, A, & M, College of
Texes, 41l fishes and crabes were identified by the writer, of-this

- paper, 108,
HEY HODS

Data on scevengers were sollected incidental to studlies of oyster
mortality on the HEastern Shore of Virginia, supplemented by obgervee
tions elsowherae, Sit—my fisnes ware collscted from trays used in morte
ality studies and from bags of live oysters uéed speoif'ically to

collect oyster fishes. The presence of Dermoeystidium marinus was

determined by Rey's (1$64) tnioglycollate culturs method, Oysters

ard the digestive trect of fishes were oultursed by the stamdard method,
but faces were originaslly cultured in petri disheg/; te:; oc of medium
edded to sbout & ¢o of waler containing fecsl maeterial, This method
has the edvantage of not disturbing the feces, but enhances the growth
of molds., Since this methed proved gonsrally unsatisfactory, feces
werd later cultured in test tubds, by edding dilute oyster serus {rom
uninfected oysters. Fishes end orabs wers fed in equeria or small

bowls on piecea of meat or whole aysters that apprarently died from

heavy Dermocystidium infections, The fish were then weshed imn three

or more separnte storils dishes eand placed in dishes with Seaside
water of a salinity always near 30 %/oo; or they wers pleced in equaria
for infection experiments, Yhen it seemed that the fungus was incompate

ible with Seaside water, Seyside water near 20 /oo was substituted,
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by oyster biologists), Guater and Geyer (1986) found Hypsoblennius

P ionthas inside "boxes" eud mssocisted with oysters froa hulls and
ballast tanks of boats kept in the offshore Gulf of Hexico, Andrews
and Hewatt (1957) mention thet elingfish, gobies, and blennies were

present in their traye of oysters and guickly ate dying oysters,

They did nob name the species but these are Goblesox strumosus, U

bosci, and C. bosguianus.

In meny parts of the world fishes are associated with epsoles of

amnd v bl
oysters, aswell-as-othor molluscs (Teble 1), These associations,

although widespread, have not been studisd in detail, but apparently
range from chanpe aascointion to inquilinism to paresitism,.

The most femous asscoistion batween mollusos and fishes is that
of the poerlfish (Fisrasfer) which resides in the mantle cavity of
the pearl oyster (Meleagrina). This essoclation is usually spoken
of ‘as inquiliniam, but is not always harmless, for there are records
of fishes peerlised by the oyster, Sohultz (1948) and Dalea {1967)

- note that the relationship is sometimes fatel to the fish, This
asscoietion is probably more complex then thought since Armold (1863)

found that early stages of Cerapus (= Pierasfer) are gbligate paraasites

because they are uneble to live outside of thair holothurian hosts,

Along similer lines a young goby, Gobiosoma bosci, was reparted living
in the soft perts of am oyster (Nelson 1928), These gobiss are normally
found freae-living with oyeters.

Off the mortheast coast of the United States young squirrel hake,



Urophyois c,huss' (welbaum) were reported in the mentle cavity of

soallops {Welsh 1916, Nichols and Hreder 1627), In gestropeds,

Apogonichthys is known from the pallial cavlty of conchs, Sircabus,

in the Hahsmas and Key West (Plete 1908, Hildebrand end Uinsburg 1946,
Gudger 1987a),

Various blennoid, gobiid, and gobiesocid fishes are repurted
from reefs of oysters, and many instences ere known of spawning within

the shells of -molluscs, FParagoblopsis ostreicols (Cheudhurl) eappare

antly ocoupiss such a niche in Indis (Cheudhwri 1918; Bhettasherye

1916) as does Gobiocsuma bLosci on Atlentic and Gulf coasts of the United

States, P, ostreicola was deseribed {rom spacinens teken from oyster
beds in Chilka Leke and embryos were found inside an oyster shell,

Other examples are the goby, Gobius minutus, which spavms in Ostrea

edulis and other molluse shells in England (Lebour 1920), a blenny

whioh spawns in molluscs in France (Guitel 1893), Blennius cornutus

in Afpica (Smith 1950), Forsterygion voriws in New Zealsnd, and wmeny

others (Teble 1), ¢he deseriptien of ¥, varium spawning end pareatal

cars (Grahem 1566) and that of Fholis gunnellue (Gudger 1987b) are

pmong the best for species associeted with mollusos, Undoubtsdly the
habit of agsooiation with mollusecs and spewning in shells i3 wery
oommon in spdcliles whioh normally inhabit hard substrates, HMeny more

examples will be found,

ORABS ASBOCIAYTED WITH OYSTHEHS

The literature of orabemolluse assocliations wes not extansively



reviewsd as it was for fishes mnd wes largsly restricted o those

species asscoleted with reefs of Crassocstres virginiecs,

Sgveral groups of orabs are knawu to be associnted with oystars,

The only case of perasitisn is apperently that of Pinnotherss ostreum

which is beyond doubt harmful %o oysters (Stauber 1645, Flower and
MoDermott 1858, Haven 1958), Helated species of Pinnotheres ovcur
in wussaels and cther mol luscs,

A maiid; Libins dubis (¥ilne-Rdwarde), occcure on oysters in

Virginia, but its relationship was not investigsted, It 1s prebably

a soaveynger as 1t hus been observed fesding on stranded Jallyfish,

Dagtylomeby ge

Two largs orabs are frequently sssociated with aysters although

A

they of'ten live im other habiltats, Crencor irroratus and Caroinedes

menas sometimes proy on oydters in porthern staves, lenzel and

Hopkins (1856) reportsed that blus crebs (Ca;lin@qﬁss sapidus Rathbun)
wara acavengurs of large oysters but wers important prsda{;ora of npat,
Mud orabs (Xenthidee) are slse sccused of preying on spat and
they sre probably important scavenpers, MoDermott and Flower (1962)
found thet mud orabs were selective fesders Ja:‘;* oysters, ‘It is assumwsd
that these orshs are less importont than other predetorsj but there is
little information on this maiter, sxcapc_t-ﬂw'iiﬁe stone oreb, Menippegnys e il
;?;{‘ southern /;;A::r%i o Tars fax ’“""j ‘5 e fenl preddaler om o3l 39“”;"-
Mud orsbs are mportanﬁ. mamom's of %;ha oystor oommunity end are
bra e g

probsbly the most abundant m»ab9 i‘ound with oysters, They are alternate

hostz of certamin molluse gregerines, Nematopsis, (Frytherch 1938, 1940;
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Gprague and Urr 1086), According to Feng (1968) 4t 15 net certain | \

that the sporss of Iﬁamm:opag,ﬁ' are soquired by the scavenging habits : ,{
of the crabs, although thls seems moet probable, Holermett and Flowey .
(1962) and Rven (1956) geve axtensive infarmation on the mud orabs of

oyster heds in Delawsre and Chosapeske Bayase
O HER SPRCIKS

Of course, obher animals scavenge oystors besides ersbs and
fishes, but there is little published. Most predatorz of eysters,

such &8 Uroaalp;l.mx. mupleurs, and Thais, also scavenge, "Xhe border=

line betwsen scevenging énd predetion 13 a thic one. Another umejor
group of orgsmisms, ennelids, sre often sbundanit on oysters, and

feed on mesba, .

LIFB HISTORY STUDIES

OYSTER HEM FISHES

The follewing fishes were thess found asgooistud with eysters
on the Eastern Sheore of Virginia., They are discugsed in their estimabtaed
order of sbundsnoe in the srea, MNote that the Ltotal pumber of spooie
mens teken or seon was not alweys recorded, but estimates of sbundsnce
of wach speciss were racordad at gvery opportunity. On ssveral occasions
all oyster fishes were rreserved and the numbers of thuese agresd genserally
with sstimatas of relative abundancs, b

These estimntos were usually writtem ss few when from 4 Yo 8 indie

viduale wore sgen; many when 8«10 wers seen; snd sbundant over 15, FPeower
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then four wers regorded s %o nusber, The yelotive ebundance (Table £)
is boged on these esbimates, In 1981 all fishes were saved at two

stations (Gulf awd Swash Bay),

GUBIOBTMA S0SCI (LACEFEDE, 1788), Accordimg bo Briggs (1958)

this goby ranges from Massachusetbts to Hispupiola apd throughout the
Gull of ¥ewico., Within its range 1% occupies meny habitats, and in
soue areas it 1s the most sbundsant fish on oysier reels,
Nearly everywhere G, bogel has been found it is common. Joseph
and Yarger (1963) 1ist i% as the most abundant goby in Alligabor
Harbor, Paarse snd Wharton (1938) found 1t scommon in Apalachicola
Bay, occcurring sad braeding on oysters. Kilby {18855) found spsoimens
oonmon in marsh pools, Haokin sxmd Wray (1950) found it common enough
in Louisiana to use spewming me ay indleation of a normsl enviroument
and lsck of pollution, They ere the only revsnt workers 4o note more
then superficislly ths relation between nystam‘and fishes, although
their concern was with oyster mori:ali%%t;;i%f?;;{ z;’:x’gfist. Bean (1891)
may be the first 4o note sbundance of G, bosod on oysters but hia
mention of it in the Potomss River has been overlooksd., Nelson (18528)
noted spawnlng of Gmhiemmma in oysters in Dolaware Hay end desoribed
the remarkeble occourrence of & stunted 21 mm living gravid femsle in
e live oyster, Innumerasble early rocords of Ucblosome may have wpplied I
this or to diffsrent speciss. Ginsburg (1983) constructad a synonomy
of these,

Bpringer and Woodburn (1980) also found Go bosel common on oyster
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reaof’'s ln the Tampe Bay aren, ard they peinted out thet this hsbitas
was differant Peom those previcusly reported for the species, They
founrl an esclogical separation beﬁwsan_g.‘ﬁgggi'and the closaly roe
lated G, robustum Ginsburg, the Inttor restricted %o grass flats, In
Texes the writer recorded §. Eﬁgygg in Aransas, Copano, Wesquite, Son
Antonio, East,.and Galveston Bays exalusively from systers except for
oneg volliection from & rovk pile. In all cesss it wes noted as common
and often waz the only séch agsocieted fish in low salinlty areas in
Galveston, Last, snd Copano Bays. B¢ robustum was foumd in srenses,

Copane, Mesguits, sxdl Vst Béys dn grass flats of Ruppis maritima,

Diplentheria wr;ghtia end Thalassin 4estudinua, H4ldebrand (1564)

found G. robustua common in Thelassia flats in Redfish Bay, Although
ecological separation betwsen the two species was apparent in Texss,

as in Florida, hoth Gunter {1945) snd &imuons (1067) recqfd.g. bosoi

in grase fiste in Aranses Bay and the Laguna M¥edrs, respsctively,

Bven thaugh‘g.’robustum'bas most dommonly been noted from vegete-
tion, Breder {1542) reported it from several habitate snd recorded
spewning in shella., Heid (1954)'first suggoested eoalwgioal separation
of the two speciss., Other suthors noted G. bosei from grassy ereas
and thig is tha habitat listed in populsar works and even monographs,
Hildebrand and Sehroeder (1928) found 6. besei in gressy ereas in
Chesapeake Bay, bub did not record it on oyaters as they did other

spacilad,

On the Bastern fhore of Virglaia G. bosel was found in every creek
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{personel comunioati'on) has observed it from oysters there meny times.
Sehwarts (1961 reporte it commen in Chinsotsegus Bay,
B. boscl 1s knowa from a fow other hmbitats but apparently never
in open waters, excopt duriny a pelagio larval steges. ¥ims young

individusls (13-26 wm) were taken from sponges, Halichonmdpie, Lisscdene

doryx, snd 3icrocican on piling, et Wachaprsague, Cthers ware observed

swinming 4n end out of the oscule of Lisscdendoryx., iImrger spscimens

were fourd in sponges in Cherrystone Uréek apd Burton’s Hay sand one

{87 mn) was taksn from o sponge at #acheprespus, Spongs inquilinism
has not baen noted for this species, but Judger (195D) cited earlisr
rocords of othar Uobiosome from sponges snd Breder (1942) reports

8. robustum living in sponye beds, Umall gebles were also abundand

in, s@e squirts, bNotelnmsoldis Yurbinate iderdmen, which ware abwmdsat
on pllingdand oysters in tho Weohaprsague eres in the suamer and fsll,
Jossph sud Yargor (1888) reported this goby among sen squirts, Nolmula
and Styels, in Floride, in Ocoshennock Gregk young gobles were often
ebund ent smong Holgule which was dbundant on oystera at times in the
summar, O, bosoi was nlac obhservad ontering the burrow of an unknown
organism at Wechaprsague, probzbly as & temporary hidiug place while
rosming short dilstencus weay f£rom oystsrs,

Kany workers found this goby in ossentisliy fresh-watsr in rivers,
streams, and uprer puerts of estuaries, ( Pearse send Vharton 1938, Bubbe
1957, Renfro 1960, Raney and ¥essmenn 1963, and others). On the other

hand Simmons (1867) found it ebundent in the Legune Madre of Texas in
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salinities up to 456 0/00 ard Hildebrand (1568) took one apacimen from
the hyperesline Lagune Hudre of Tamaulipasg, but he found Go_robustun
more common, in Vireginia Ge bosol wes sbundent in selinities es low
as 4.8 °/oa in Hessongo Croek snd es high se 34.4 %/oo in Swash Zay,
48 previonsly noted it iy the wost common Oyster fish on the Seaside
where selinities seldom fall below 30 o/oczo Although previous workers
noted this goby's abundenas in & pariiculer rangs of salinities, usuw
ally i lower rangas, ﬁ&@w seldom sgreed, Thig provably rofleote
the selinity renge of propar habibtets in esch ares. In experimental
work we .kem all eizee amd epps in salinitiss over %0 /oo mud oven
though these of'ten omas from selinities of 16-22 /oo thors was no
appergnt wortality froun salinivy end exgs hatched normeliy.

On the Seuside, where tides mey rangs as high us 4 1/2 %o B feet,
Go bosol was fownd in 8ll levels of the intertidal, even in the highest
Sgamimg_ marsih at low tide, Usually the fish wers restristed to small

pools with oysters and mussels {Hodiclus demiseus) but rarely one was

axposed in a dead oywtuer. %hen no other hiding plecs is available,
these Tish remain hidden smong oystera, even when totally exposed at
low tide,

G, bosol was fourd over n wide renge of 'immywatuhfmo I% waa
sctive and common in temperatures of ebout 10 o 319G, but bulow 10
appasred 90 ve inorsasingly sceroe. Bolow 3° it was rarely saen, excopt
for a fow individuels buried in the mud and debris on the edge of oysiter
reefs, A slugle insctive specimeon wes teken in med near oysters in

Rungers Gresk on M¥erch £, 1980 st a temporature of 1.‘700. 4 single
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deed individunl end & deed Uobiesox strwsosus pas teken ot The Gulf

on Dacember 27, 1660 when water Lemperaturss were 3°C snd had been
85 low a8 =1,5 for the past two days. Two live Ca Mmm also
taken,

Spmiming of (. bosoi ogours inside of newly killed hinged oyster
sholls ("voxes"). An attempt was mede bto locate egus of this species
us well &3 those of obhor oyster asscolates in other hebitats where
edults ooour, However, noans were found, In vliew of the intimate
parental assoocletion with the oggs end the epparend depandenoy,_,f&;-}f"»
rosently desd oysters (presumebly for the closn surface sttachment
for the pedieal)} it seams unlikely that spawning cocurs except wheve
molluse mortality ocoure. M. Cactagne (psrasonal commmication) reporss

one cese of spawning within the shells of Meprcenaris merosnaria and

gohulvs (1648) reports apavming in fossil sholls washed into Chesee
peeko Bay fprom ¥iceeno oliffs, Nelson (1928) olso meationed spswning
in olams,

Although others have noted egs of G, bosel and Xuntz (1916) has
described their developmwent, breeding in hinged oyster shells has often
gone unnoticed, Hildaebrund snd Ceble (1¥38) desoribed development of
Gobloscua 8pp. from lervas taken in tow nets, and young taken in seines,
Their datse on earlier steges include both bosei and ginsburgl since they
did not oollect eppa. Kackin and Wiray (1950) voted that spewming of
0o bosei in oystors occurred during high mortslity periods. They found
éoﬂyspmlng from late Mapoh to the middle of Septembor in Louisiana.

Poersge ard Wharton (1938) found oggs end young in April and July in
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Apaleohicols ano Baged un oxtminetion of ponsde Hildebrand apd
Sohrosder {19.‘:‘5&} ahated that speswning vakes placs from June te
Ootober in Chesapeaie Boy, Pewrson (1541) vwook pelegle young of
Goblioaowa 8PP i‘x'i'ezif June Yo Oobeber during 1929 and 1880 but he
found young wost sbusand in July sud Auguet. Nelsen (1628) reports
spueming in Ray and June in Delawers Bay begizming st temperstures
of 680‘?‘, Sohwerts (1961) reports thet o boesed spwvms in Hay therough
July $n Chinostengue Suy. Perluubber (1938) found larves of Otbice
Aome 8pp. durdng June sud July in Feconle and Uerdiners Say, Vew
York, Oreely {1838) reperted young and gravid fomales in July apd
Auguet fpap Lhe Sous arses,

n the Bsaside of the ERstern Shore of Virginie weost spawning

oeuurx-.wﬁ from the wmiddle of Mey through the first week in June
(Pigo 2)s This was durisg the veglmning of the lecal o&a"wr mortelity
poriod whioh lasted frem the Lirst week in May through ehout the end
of Juna {Awdyews, % .%1.«:' ? in i”z:aes}« On ke Dayside spawning was
conlined largely to the uiddle of June Yo wbout the middle of August,
although honvy morbality of oysters continued for two wmonbhs therew
eftor, Tempopaturas during spawning wero from 21 to 269 on the Sene
8idg, but were 24 to 31%C on the boyside, exvert one insbunee iu 1Y7. 6%.
Bpawning sesms largely comfined to the beginmning o he wortallyy perlad,
8o it sesms thet gsams Fector other Lhan avallability of spawning sites
determines the end of spawning. 4 few lebe spuwaers were always fourd

a3 lave as Aggust on the Sesside.
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Thuas lgm cazos of spewping occurred with the emellest spawning
naleg (8«30 wm). These meles wore probably mesbers of a lave speun
Bhe previous yenr slthough the swellest could be from en eerly spring
spewning the Samne yoar, ‘ﬂmw tigh (29«38 mm 40 Auzuss) seem to be
those which w&re 20«85 mx in Mey and June, Barlier spewning males
wars 5048 mm on the Seaside s 47-58 mm on tiw Hayside,

A faw individuale, 14 to 24 amm, bsken in July 1961 were the éarl—
issd eppearing Sesside young of the ysar. They were sppa ently from
the lay=June epwwr. This group wes represented by speciswns 26«33 am
in August but they merged with saulisy gobles from e later summer
apravms Gobles w8 swell »s 16-10 nm wore found ny lote as Neveuber IO
at The tulf,

On the beyeide fewer smuller specimens were beken, end these did
not mypasr mm Aggust, apparently from the duly epswn, This group
a,«.:pemmdvta be 20«37 mm by Soptewber, This interpredetion indicates
slow growth Shrough the winber mnonthe ond repdd growth ia the Sumer.
The very lergest (over §C mm) geenm to bs ot lenst two yeers old bub
there 48 not enouch date to rrove bhis,

dpawning paricds were determliusd by recording the presence of
azgs in "boxes" usually taken Irom trays (Pig 2), but including some
from natursl sottoms, A perent {in uine instences the msle, othsrs
not dotermiued) was elweys prosont with the eggs, Nelson (LPE8) stated
that the mele pusrded the egps bub ho gave no deka, Host ogps ware

confined to the innsr receases of the valvaes, sud formed s deonse mat
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over all bub the edges of both shells. HMeny shells conteined egss
only in the oup of the valve, MNepy of thase were ayed embryos, During
epsaning on the Boaside In 1960 nsarly all eggs soen were brought into
the labsratory for hatohing, but all died within a shor$ tims, The
parent was not left with the eggs, smd this apparently wes e prareyuisite
for hatehing. Ssveral leber batohes hatohed when a persnt was left in
the shell, While whe pressnce of the parent may be of smma protestive
valus, the main function geems to beo to fanm the eygs constantly, Lgga
left without s parent saon develop A varied fawne with hydroids, cruse
taceans, and sunelids beousing sbundent, Hildebrend and Cgble (1938)

fowrd $het eggs of fypsecbleaniuve hentel snd Chasmodes bosguianus would

vot hatoh without the mele, the egzs besoming fouled with hwdroids and
copepods, The parent lies within the shell with its head towards the
opin end end fens the oggs with wadulating movaments of i%s body and
alternate movemsnta of the left and right pestorsl, Opepculum movae
mopts are rapid, indleating rapid respiretory rates, Twe haptchings 4dn.
squaria ccourred at shout 0930, but time of other hatuhings are not
kuown, One incbanse coourved when the egge of G, bosel were c¢ontinuelly
fenned for e.bouﬁ o dey previous vo hetohlung by a single sdult Lhagmodeg
bosquienus, The movemenis of the blenny in the shsll were itientioal
to thet of poby umsles, |

When epgs with o perent were in an asjueriuve with a vigorous éaraﬁor,

the perent romained im the shell with littls activity. %hon suddenly -
£ olys b do o candodd
: R B R B :
placed in oxygen rich water from lew.oxygon-Cunbent whter, these gobles
}-"{; :"“; i d

will updulate their body snd wmove their pectorals mnd opercula in e
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mamper 8imilar to those in “poxes” with eggs. They do not slweys show
this motion while the water is loein{g its oxygon but they often do,
This motion was observed in natural waters in malse with eygs as wall
a8 in equaria, Thuse facta suygest that there :&é & sherp oxypgsn grudie
ent in the shells ooused by gy respiretion thet the poby is constantly
trying to oversome,

Howly hatehed larvae were immadintely pelmgisc, and sdult govies
readily fed on these larvas, partioulerly tiuse whioch veatursd into
lover syuerivum lsvels, HNa data ;[évta%\ é&ﬁhered on time of development,
but it toock ¥V deys frem the death of the oysisr to eyed smbryos in
the Machipomgo River et Semperaturss mear 20%, &Selinitios where eggs
were taken renpged from 18.4 to 32.8 %o, |

onles ituside shelle ere lunverdsbly pale, dut rapisly burn dark
when exposed to 1light, When subjest to low oxygen sontent spd sube
sequant deeth, they Surn psls exvept for tho derk fins, The oharactere
fjetiec styripes of the speciles sre usually apparent although they wre
diffionlt o se¢ during the very lightest aud very derkest phases,
Othor aystar {ishes also heve sowme sbility to chamge shadss, In any
given light inbensity, except eatrames, the sheding of all individuslas
in @ single eouteiner will not be the sawe and will wary from davk %o
light, but not wsuslly as light as 1s possidble,

fwo eotoparasites were apparent oa & fow fishes, a1l but ens from

the lower Beyeide (Tebls 4). A copeped, Lernssenious radiahus‘(mSueur)

was found ox 8 out of 75 adults and 1 out of 184 young gebles from The
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Gulf in 1961 wnd on one specimen from Cherrystone and one from Bredfords
Baye 41l had from 1 to 6 paresites on the head, body, und/er a1l tis

fins, & lewoh, Hysobdella lugubris Leidy, was found on two specineuns

frem The Gulf, both attached to the first dorsal {in at the posteriocr
heue,
Since these yebles ars seoretive any predators sre of inberest,
Derpell (1068) reports ths food habits of several fishes in Lake
&,

Pontehartrion, loulsiana, m/\whioh ate O, bosed. OFf 176 oroekers

(#ioropogen) ea:amﬁ.nad, Co bosei was present in only two, OF 101

Lagodon rhomboldes oxemined only 8 had eaten gobiss, Jther fistes

which ate (. bosci were Solmenops coellatus end one lMorone interrupte

y—————

(= Rooous m&saimaipg&ansia), The habitat of Ge bosgol in ths lake was

not stated, but the only large shellfish population there is of Ranzia

cunesta, Of 1&4 Pogonias cromis exemined by Gunter (19845) 12 hed eeten
G, bosels ono ate as meny 85 23 individusls, Ye also reported this

goby from S¢ciwneneops ceell iua,

OPSAKDS T4y (LIBNARUS, 1786), Toedf'ish were found in all aress
studlede Coessional adults were stan, bubt most spacimens teken with
oystars were juwvaniles, whioh sesm to be tho common stegs iuheblting
oyster reefs. Q. t8u was as widesproad as (. bosei but was not come
sistently go sbundent. During July 18¢0 young toadfish wsre very
ebunden$ in Ocoamhannoeck Creek, probably more so than eny other species,

dudger (1910) geve en mvoount of the 1life history of 0. tau and

N

Breder (1841) gave deta on the relasted U, bete Goode and Been, The
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Americen spacies of toadfishes were owpered by Schults sud Reid
(1937) who comsidersd atluntio ead Gulf populstions as separate
Bpecisa, HKuscontly toedfish were used extensively in experimsntal
studies sovording to Dovel (1060) who desoribes md ploturss their
larvel develoyment in detmil,

Be Tou apparently oceours largely ln thas seltier aress of Chesae
peeke Bay {Hildebrand and Sohrceder, 1928) but we have twesn youny in
Hogbongo Creek alter s sherp drop in salinity to 2.8 /oo due to
Hurricenes Domme, Toadfish were elightly more sbundsnt then (hesmodes
(Table 2), but the difference is not large encugh to be signif icant,

Yhres smell toedfish (24-862 mm) were taken from spongas { Haliw

chondria and Lissodendoryx) at wachaprevgus. 7Thia apecies has nod

7)
been reported in apongss but & picturs by Klingel (16565:688) shows = '
toedfish hiding bementh & epongs, wuich eppears $o be Microeiome, in

Chesapoake Baye Breder (1839) reported sunll Ypeenus bete from 8

sponga.
Loyvge toadfish were citon ebupdant in oyster %rays in all sreas,
but they wore ususlly found mssociatsd with hiding places in the wire

rether thean with the oysters,

7\
CHABMCDES BOSQUIANUS (LACEPEDE, 1800), This blenny is represeatsd

by populations on the Atlantic end Gulf coasts soparated by tha allopatric
Co seburres {Springer 1969),
€. bosquianus wes not usually @ comnon fish in beyside oresks,

but"it wes abumdant in The Gulf in the fall ‘on oysters, It was also o
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wory oomuon fish in Zosture merina flets ob the seme lowslity. Ale

though revsorded in avery losality it was largely found in medium
salinitivs and was tekoun ixiir&nge of 15,9 to 31,2 Q/oa. fxeapt for
A s8ingle specimen tsken in S“ﬁaﬂh ey on Getober 10, 1940, none was
@seen on the Sgeside, Specimens from oystars are availebls from
Chincotesgue Buy, whers it is eppurently mors comwon (Sohwarte 18d61),

Un the Restorn shora this blenny is most sbundant on oyswra in
the lows) %agaidwrareeka in Eorthamgtan ueun‘kyo“;mﬁ; 19‘:’5 ;é,es%ﬁm T,J/\
specinons frar} ;}ijs: ei;v:aeka were U, buaﬁu&amm, snd it was Ysken or
geon in 19 out of 48 colleutions et roguler stabvions, Hildebrand and
Sehrosdar (19:3&3) nobed & male with eggs st Uherrystone on May &2, 18282,
and Lugger (1877) noted this speaies with oyeters in meny parts of
Chesepeoke Bay. Sggs in a “box" with & male were taken on August 19,
1960 from Nardue Croek. When pleved in & bucket of water aoautﬂ%gﬁei'
them hetohed, Like U, bewel, they were pelegic. Unlike goby eggs
thoy coversd both valves oompletely and were rose-orenge colored, Other
meles with eggs du "boxes” wore taken from The Gulf on August 2, 1861,
and Auguat 24, 1961 wiwn four were bvaken,

The wost extensive study of the life histary of €4 hosguitnus was
Lo by ﬁilda‘brami and Cable (1838) who fuound ogys im oyster siwlls

gurrdod by males,

COBISSOX SIRUMCSHS Cova, 1870, Olingfish wers found in severel

bayside creeks bui they were seldum common, It was the only species

ouher then Yaubopa talken through most of the winter, end it seesed
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most ocumon in the fell, Records of Ge ptrumosus ere from September &,
1969 through danuary 9, 1980, Specinm@ appeared A% i‘h@ Gulf as early
a8 August 2, 1861, howsver, 7Tiw writer recorded & smilér segsonal
distribution when s@eeimna were taken from Decenbex through March on
oysters and olem shelils in Texas (Hosse, 1%59). Clinzfish epparently

Jj Cz‘-‘ PEAT SRR L¥ A A |

have & aspotiy diawiuw:imx ginece inap seen on the Geaslide

“Af fff( 4 f /'{‘ AR, (; e f
pedtaly

in 4 out of 7 oa,ysidca oraeka ('mbla 4)e -Hr*ws mwmmm;:
am;o;;m’!-imfé;rﬂ‘laé: thamw % oii:a;;:ét;:}.\mena. This is perheps suoother
speoiss common Yo vysters and bréas flate as Hildebrend end Sohrowder
(1928) took pumercus spscimsns from gresay bottom in the Rappshannock
and Fabuxent Rivers. It was taken only twice in collections in gress
flate in The Gylf slthough it was found on oysters nearby., It has also
Wi oy §Ters

been obssrved o8 the Caps Charles Jetily,

Springer end Woodburn (1960) note that Go otrumosus is often left
trepped at low tide, On July &, 19&59 the writer coboerved an sasoolshion
of thess Fishes in o tide pool on ?hca Gulf‘()!};z;z;l;;eu% 20 miles BNE of
Gilohrist, Texus, This eres of the Teres coast forms the western oxe
tremity of the Chenier Flain snd coataing numercus cuteroppings of clay
along the besoh line, BHeny jJuvenile clingfish were on the sand of the
tide pool, end meny were atteched to outsrops of olay. (dulss wore
found inside the empty shells of Thals in the tide pool, amd juveniles
ware attoghed to the outside of ths shells, Two edults wers usken in
& solne pulled ower a mubmerged oley bed in the shellow surf, Although

numerous oelleotions were made over o pericd of months along a 80 mile

sbrefoh of thia besoh this was the only place G, strumosus was found,

&l



&6
Pistas around oysters and goveral warg found in trays Lrow Septomber
throuph Haroh with the youngess appenring in hupuste. It was recorded

from Cherrystone, Gulf, Uobb Bay, end Swash Bay,

CENTROPRISTIS SYRIATUS (LINNANIG, 1768), As soon &8 Lawiogs

disapposrsd fras Swash Bay in early april, young ses buss appescad
through Getobar 1960 and 19dls  Although uet rogorded fron oyeters

m

wb The Gulf, smell sus Lasd are oought on hook aad line in vhe
gunuere ALl gpeciuens seen wers lwaturs. arve (1960) noted the

agsociation of young wses bass ond oyaters.

NTJA IS GHISEOS (LIRKABUS, 1768). Yhie snepper 1s apparantly

o Pogular etray to Choesapeake Bay sosording to Hildebrapd sud Solurosder
(1928), One amell epecimen (30 mm) was taken from oysters kept et
Wachaproague on November 17, 1969 and ous (36 ma) was taken from an

oyster tray dn The Gulf en Hovewber 20, 1958,

LoGODON RHOMBOIDES (LINNARUE, 1768)e Pinfish do not seem to be
comuon in Yhe sres. Only one small specinsn (%) mm) wau taken with
oysterg at Haohapreg:ue on August §, 190, 4 fuw othgya Were sesn
in sporvs omtuhes in the aresa, Yhne writer did not note pinfish on
oysvers in Toxws, although thay cre acnmeon srouvad rooks, Luldwell
(10875134) noved pinfish svoiding oystors at ons stetion in Cedur

Kay, Flovida,

LACPOPERYS THIGONG (LINRARUS, 1768), Trunkfish ers apperontly

wareported since Hildebrand and Schroader (1528) found a speoiuen atv
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Gupe Churles, {ne spocimon, 7 mu, was capbured by 8. UH. Hopkine on
& resf in oy Islund Hay on Juns 2%, 1080, Ony éench wus tuken from

Huggars Creekx spd The Gulf (82 aw) during the £all of 1969,

AHGHOUBAGRGUR PHOBATOCELPHALUS (Walbald, 1798}, Sheupsheed wire

not recorded on the Bastern Ghore except For two taken by K., Castegoa
in Chinsgteague boys Vhler end Lugger (1876) wreport that tioer are
wideaproad around oystser paglons of Uhesapeanks bay, bub Hildebrend
ond Sclwrosder (192B) note that gheepshosd ﬁaw deolined ln sbundanco,
Ghwopshewd sre apparently rars oa the Zagtern Shorg, Sheepshesd wre
Wwore omson in Yexss exd ars piten fownd in the vicialty of owstera.
Bimmons snd eese (18HP:77) noted sheepuherd from bouh oysters aud

grass flota In Taexes,

MYQT BROPERCA MICROLEFIS (GOOUE AND BEAN, 1879). Bevora)l speci-

mens of gegs recently reportnd by loass, et g_’.}_., (1963) from the Chagew

poske ares wors teken in sssooiation with oysbers,

ORTHUBRISTAE CHOBOPTARUS (LIMIARUS, 1766)e  Young plgfiah were

cqmmon in oyever trays in August eud Sepuumber 1881 iu Swash Bey,

Cherrvstone Cresk, aud The Gulf,

ONAKPODON OCBLLATUS BLOCH, 1787. Ome young butterfly fish wes

Yaken from an oyater tray in bredfords Bay on CGotobsr &0, INgl. Sohwerts

{1861) reporvsd four speoimens from Chincotesgue Bay,

SOME ASPECYS OF PISHES EIN THE OYe? wR COMMUNITY,
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Otheyr spociss will unloubbedly we wdded o this lis%. Some fishes
proviously noted with oysihers may nsve hesn sockdental, and some may be
ronl saBpoiavue. Gevorel species llsted by Fosrse and Wharton (1938),
For exaeple, way not boe true oyster ssseoiatos but sre thoao sametimes
accidantolly teken with oysters, Such way be the csuse of Behre's (1060)

Blatessnt thut Goblonellus hastatus was common en oyster beds in Bers-

twria Bey, Loulsfaus. The wriver (Slmmons and Hosae 1999) found G
histatug osgocinted with the mud bottor of Uedwr Hayou wherd bthere ware
uo oysters, Cintlar obsarvations have sinog been pexle in Galvaeston Bay.
ol viritus :-‘,},'_'.};;,,;. ')
Oysters ere grown on wariows—typa 'hottom»/\ao X gma*é many organisns
agsow lauted with thwee respuotive bobtome will be taken with oystars,
Ovater reafa sre often favorite fishing spets for sports Llsherw

wmen and scme of these poseible ssseciations vetween oyslers and sports

fish are not clear. Pogonies cromis end Archosargus probaieasphalus

foed on oysters and associaled organisme, but ne asueh known relatien

exiote for Uyuesclon nobulosus, whioh i8 comuonly fished nsar reefs

ia the Culf of Hexico, Food bebls studise of this fish indloate a
preferance for more open water orgsniems (Guest and Gunter 1968).
There why be reesons obther than those prossnted why caertuin fishes are
atbranted to reef'a,

The intepesting puper of Arve (1860), who incremsed trep satchas
of cwrtain epecies by oyster~shell plentings, deserves comment, Ue

found four wspandes, Lentroprlstis stristus, Hoocus smericanus, Sphodw

roldes meculsius, sl Lopodon rhiowboides more sbusdent on plantad then

opon hottow, Gioos all his specimons were trapped, those teken on
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vpen (vontrol) bovtom, which were Lew in awasey, would teud to be
those species favoriy shaltor, Open water apecies, such 8u Ffarwe

alichthys dembaius, might be lssy invlined to enver & tpap, as his

duta sbow, than Centropristis which L6 ususlly sesocinted with

sholter, His data do vot prove that plantings in gensral inoresss
the toltal esyrylng capmolity of buy fishwe, Lut that t;hqy ary welective
for gertain epecior, whioh apparently incra8se, %my%wwﬁwy shudles
with othsr saspling metnola in opsn weters ere useded, | Yhe idee of
inerossing substrate o ieprove fishing is used by numerous atutes,
appanially offehore, but thers is no scisntific stwdy to show the
valus of svoh,

% is perheps significent they eyster fish such es Uobiosoma
bosgd wre blways token with live oysters but never with desd shell,
Ia Moy 1961 numercus imiividuals weras teken fyosm Wachapreagus iu bugs
of gbout 1/2 live oysters snd 1/2 "bosee". Spewning comnenved in the
“boxos"e In neurby bags of 81l "boxea" no Lish were Ysken through
June, Kerrings (1851) did not nute many diffarencds batween the
fovertebrate founa of live ad desad shelle,

Fishes forw a distinot amd importinct part of the oyiter bLio=
ocunosls, partly because they ara the most wotile £ orui® e soc iubed
with oysters, This prousuly acocunts for the littls etitention puid
thoge Fishes Sinve most ewla away wheo Gysters are 1ifted out of the
vater, Some of the fow spscisa thel 0w be ownsidered true oyt;wr

sstosietes are vory abundsat on reafls, oud wost of thelr life history
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Beous o be asscoleted with oyslers, These few species thut are ine
timately wsvoslated with ovsters use reafs for shelter and often feod

on orgenisma (Geprolle, Cansarus, etc.) found in the epifsmuns of

aystery {vee Hildebrawd snd Sohwoeder 1988, for anelyges of stomaohs
of spacies disvussed). When oysters dle, these fishos beccue sosvengers
and epewn ineide the wlewn gurfaces of hinged valves,

The fishwe living on reel's of Crasscstres virginioa are simllap

in meny pacts of the Uniw ut{.mw. G. bosoli is foumi couwnonly on
fipi i Cav il

eysters in vummmd Delownre, %iarylami, Floeida, Louleiann, amu Toxud.

It is probably cvouwmion on wysters tlyoughout thaelr range. Chesmcies,

Hypsoblouniug, and Goblesox are known fyoa oysters in some uf thess

stales, ewd probably ocdur on bads in all states within their raunge.
These fishes liviug in the oyster community esd spuswaolng withe
in hinged velvas of recently deed oysters are herein considersd
priasry oystar asscclatos. ﬁepuinttvm"“oi:ﬁzéae apecies apparently
ooul'lng pearly all of their benthic 1life biastory to oysters ee far
a8 16 Mnown, and thoy are not weually abundunt in opeu waters. <Thay
are, however, sbundant in other hebitats which presumuably of'fer ene
vironwontal reguirswunss similer to oyster reefs. The fdshes recorded
in this cetegory for bha Atluutiv and Gulf cossts ere presently Gobioe

soms Losol, 6. ginsburgi, vhusmudes bosyulenus, Hypsdhlemniue houvei,

}_g. ionthes, exd (Guobiesox strumosus. Besides these fishos there is &

group whioh often are foumi with oysters, but seewm to he more pelagie-
ad breed elsewherw, all belpg lerger then priumsry wsscoistes, This

group 36 not well defined, but tharse ape fishes that fead on reefs or
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consivtently use oysters ror probection, while varrying on & sizeable
portion of their 1lif'e elsewhere, bSpeoies now vonaldsred in this group

are. Opsunus van, O. beta, Cesntrepristis striatus, Syotsropercs mioro=-

l_e'spiu; 'ﬂfﬁhopriat_im shrysopbarus, Yopunies oromis, vheetedon goellatus,

and Tautoss enitls. Youug Opsanus sppe are ofien ss sbuxdant &s

priuwery sssoolates, and these youny are found side by side with gobies
wd vleaniss, somelines in the suue oyster shall., Actually, spewniug
habvits of Opsonus ere similer %o brimery Gaesociates, especially in
the degzree of perental assocviation., But baing larger tiwy speaen in
shells larger them oysters and slmilﬁr- large objoocts, This shows the
diffiouley of cebegorizing these spuciss to the degres of thelr relatione
ghip with oysters, Lut thig should serve usg v basis for compsring species
and fuwrther study,

One etrikiug fact about all these fishas is bhet many, if not all,
have populstions in grass lats (Table 6). The hebitat of Gobioscna
bosol has been firmly enbresched in the literavure ws graws flats. In

Virginia these populatiwmms are found in Zostera murine snd souwtimes

Ruppie maritims. In the Gulf of lexioo these same spacies are known

from Ruppie, Thelessia, and Diplantiwriv, Peversen (1917) reported

youny: (obius ruthensparri snd G, winubue from Zostera, In contrasy,
-y S i R EITTIY

many speoies found in grass flats are pot kaown f'rem oysters, Baird-

ialle chrysura (Lecapeds), Apeltus quadyreo us {Mitohill), end fmpoania

parve (Baird and Girard), which are oouwon in Zostera on the ewsters

ghore of Chesapeske Bey, have appareuntly never been found with oystors.
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fwo resyons probably explein why oyat;ar' fishes oan eo1onir.a. Lrasy
fimts, Hirst, grassy acsss showld offer protustien and shslvery
souond, many small invertebraion used as food by thess Ulshes are
camon lu gresgy areas &3 well as on oysbers, Limilar ressons werd
given by Cnldwell (18673130) for populations of pinfish, bupeion
rhuphoides, colunizing both grassy sl rooky aross. 4All primery
assoviates bave pelegic lwrval etuges whioch offer opjortunivies
for wide disparssl.

Bimdlarly some xeuthis opeba (Neopanope texsna) are abund ant

in eelgrass, Colleotiona in The Gulf in o Zogtera tist elways
yvield large nwabers of thesee orabs, Other orgunisms charscheristio
of oyster reuafs ere wlao sbundeat in eelgrssa, Studies of oyster

drills (Uroaaig.um sad Supleura) by the Virginia Fishorles Lebarstory

inelwied extensive asmpling in beds of Loustera whioh support large
populetions of amell drills (MacKenzis 1961). Inoidentelly, thase
nurioids sre ﬁnuaual mezxbarys of the aysf_er canmuity in that they
are M*é&m‘ only meubors that do nob reach oysters through the
plunkton, Kerringa (1961) pointed out Ithm: tie majerity of oyscer
assoaiatea heve plunktonle atuges.

Kany primery sesocistes have populationg in recky aress, on
plling, axd on other hard eubstrates. Sprimger snd Yoodbwrn (31940)

foud G, bouei on rovks aa well ag oysters, and Loe writer noled

Hypsobloxniua lonthas on bovh oysbors anl jettiasg in Texas.

Physically, coral reefs in tropicel aud werm Lomperate roglons
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goem o be bYhe olussut naturul counterpart of oysuer resis, Muny
spucive within the two habltuts ars closely reletud. For axauple,

Sprirger and Woodbwen (1980;88) stats that Upﬁwu.é bate is replacaed

offshors on raefs in the Cull of Hawico by Opsanus perdus (Josle snd

Bgsm)a They also 1.1:3;.‘. two gobley and ons blemny from offshore reel's.
Hodifiention of pelvie fins as in the Uleunidae, Cobiidea, and Goview
sucldes is canmon to all primsry oyster asogoliebes, snd refragentatives
of thwve same fawilies are oummon on coral resfs. Bul copal reals
sontaln & much wider veviety of speclus,

boveral oystor fishes wnd mud orebs live am doquilines in spongas.
Aatuslly, by defiaition, weny flshenolluse snssoodaticne are probably

easss of guesleinguilinism or oomswspsallsw snd Ceblosmss bossi seems

mord dependent on oyetérs than it is on sponges. The one lmown

instense of Coblosoma withinm a live oyster ounsidered with its nurmal
more or leue free~living habits eusgest bhat , bouci ie barely on

the fraoe-living side of the borderline between inquilinism (perasities ?)
aixl free=living.

The figures foy relative sbundsnoe of oyster f'lshas were all taken
from subtidel trey oysters sod in eowe srews this ocomtrasted with that
on neturel resfs nearby, For exemple, at The Gulf, only 66 % of speci-
mons fros subtidel planta sod traye in 1661 were e bossd, buk on
navive coysvers It was slmost the only fish present., It would sown
that 8, bosci le the only teue oyster fish because 1t iz the only fish
found yvar-rowd om oysuers ewrﬂmm snd wvery often is the only fish

resent. In hizh esalinities it domlmaine thy intertidal sone sud in
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low ssligivica the subtidnl sove, ¥ids divirlbution of dusinance
follows that of native oysters (fed,- intortidal in higk selinities,
subtidal im low)s Goupled with vhe feub Yhet thic is the only apooios
that spawns in rhythn with local oysier mm’tnn"wg it mppeesrs thet U,
bossi bas llved witn oystere for o vonslderable poried of viaw,

dinoa nelcher Chesmoedes bogguianys nor Hepeobleanius hontai is

Found wlth oysters until spuwnling season in *rmi Gulf, thay may he
wore olosely tied to selyrass flate wiere vhsy live pricr Lo spmenlig.
The rarity of thoeve spevles on thw Sesside whure eelgrass ig sbeent
supperte suoh o seuolusion, bt this sbuence wey alse be due to leck
of oyster sortaldity dwing the spawniug sesson or o the lack of

tapger oysters for these lerger assoeisies. Oohlesox atrumasus uloo

wos aob found on oystors until lats susmor sufl fall, bub ite habitet

, !
provious Lo Whis tiwe ia kot Enode
i

inhabivent by Schwarés (w@x). Rovarbheldss, thess latter opedles,

' It ie listed we o yesar-round oyster
particularly the bloanles, SBsowm te @ relasively pecent inveders of

oyster reals, espeoially in oubsrs since suhbldal plentings by mune

/

BPAGHIENG OF V15WHG RALATED 20 OYSURH WORTALIETY

Ho oyater fish spuuning wan neted eutnide of hinged snells of
oyaters, snd roported ingtannes arg uscomuon. Sinee oyulaeras form
the largest wolluse eoununity ix the satuarine epifsuns thoy ube
doubGodly have the woed marvality exd provide the most spewning sites,
In lowar selinity arces where oyatars ors ootive subtddally,

nwmroud $itos are availlshle during thwe spwaing season. Howaver, in
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high 8rlinivies ojyuters sre pative te @he intertidel pone ad bafore
extensive gubtidel plentings by man, spewning slives were presunsbly
gcarce, Spawalng wed weuslly fourd in subuidal oyaters slthoush exe
tremely low tides rarely left the eggs sxposad. It i intersveting
to speoulate on high selinity spewning sites befory the voming of
man, Either s fow oysters washed or were ourried by 109 to subtidal
zoney or olher subtidal melluscs or oysters iu intertidal pools
which retein wster were used. Anotker pessibility 1s vhet spawning
ovcurred when & serles of extremely high tides feiled o oxposs the
lower levels of normelly intertidel reofs, Such & vase vecurred in
the Muchiponge River during ey 19¢Q when tides remsiuned bigh Lor
vbout & week never expopiug & group of normally intertidel oysters.
Spawning by . bosci then ceumsnosd,

4 stromy corrolation batwean Hhe w@:,mnmg of oyater wordelity

sl spawnin. of Ggblosows Losci is spparent (Fige. £), However, a

tow individuals spuwn relatively lete is the seeson on the Beaside,
These are all smaller gobles which amuy Yeacome gexually wature lete in
the spawning sSoason,

Mot gyater mortality on tha Seaside ogours during May and June
axd the peek of (. Lowoid epswning ccourd in these wonths with enly
soattored oxeuplos th@raai’ﬁr. On €h¢ buyside wortalities are delayed
until July aod do not roach & pesk wabil lete Apgust or early Septomkar
(hndrews, et sl,, In Freasy Fig. &). U, bosei spuwning begins es early
ug theps As mortelity on the 'E’ayside, avey as 9urly ss Way, bub osours

largely in July swi Aupust with enly sonttered axemples thersealter,
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Thepelory, spavning seams largely restricted to the bepglnniug of the

wajor mortulity period of the region, Uunless there fre raciasl diffap~

ences iu deuslde and Glweapsake Bay populstions, spewming i relativalyi-

fudependont of temperature mhove & certeln lovel, This soems poosible
8ince Gome "Q&yaide apewnloy CGBUONCSS 88 sarly s some mx*%ali‘t;y sterts
vven tiouph temperoiures are far below thet of the spawning pesk. Also
the porcentign of available gltes with oggs deorsesea with rieinyg bous
paratures, G, bosul spmwning in the Gulf of Wexivo (Peerse and sharton
1688, Neokin and Wray 19350) coours a8 eurly ws vyster wortality begilse

(sorohespril) alogg with earller high temperatures, Fheroas tempers

ature is lmportant vo goby spawning, if oaly indireoctly by controlling

oyster mortality, spawning sewms reolubively indepesdent of tempwraiure :

for fighes in genoral.

Helson (1648) veports speming of (o bosal in Delawsre Hay in
oy snd Jdune, whioch oorvelatos with the spawalog sesson on the Seuaside
of Virginia, He did not prosent eny date about goyster mortelity but
sadd speawning sonutined ocswrred in uima. A& spawning season of Nay
0 July wes reported by Sobwarts (1961) iu Chincotuague bBay.

Ponrson (1941) recorded pelagic lérvae of Govlosema in plenkton
Sows frem June tiweugh Cotober, 1UsH and 1830 im Chesapoake Bay, bub
ho found thew wost sbundust in July end August, Sucn s distributiou
of larvae ia expooted from revent cbservations on apawainvg which ine
dicate u psak in July and August. Gpawning in 10€0 aud 1561 apparente
ly was siuiler to that in 1949 and 1980, end this could be vhe result

of similer mortslity patterns of oysters durling the four years.
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