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DIEL FEEDING PERIODICTTY OF ATTANTIC
SILVERSIDE, MENIDIA MENIDIA, TN THE

YORK EIVER, CHESAPEAKE BAY, VTRGINIA

HOLLY SPLAKER' and HERBERT M. AUSTIN

School of Marinz &:ien<:e
tfirginia {rrfliture td Mariae Science

Collcge of Williant aad Mary
Glaucester Point, VA X.30d.2

A&.rtraf,r,' The fceding habits of thc Atlantic silversidc, llenidia mentdia, werc
exerrined over a 34 hr period on !0-21 July 1994 at Glou(ester Poiut Virginia,
U.S.A. Most active fe€di{tg lotik pl*ec during daylight, es indictrcd by an index
$f gtomach fullness. hrut fterling continucd ell night. The principle daylight for*ge
comporlctrLs werc unidentified material fotloqyed by planta crustacems. and in-
$ects, ils indicated by an Index of Relative lmportance (IRI).1ffhen unidentified
materid '6,as excludrd, nocturnal feeding be.camc more imFortsnt, k[portant nDc-
tumal prey included horsexhoe crab larvae. cru*licearr$ (barnacle cypdds atd
copepods), poly*haetes, and rringrd atrtr. Abselci of crab ztxa and myxids was
also corsidared important- The silvcrcide, rep{rfi&d an a visual diel fe€dfi, can
also be an op,pornmistic troctumal prcdator frcding on tran^rient concsntration$ of
larval arthropods.

Key Words: Silverside; Menidia N&idia; fecding periodicitiesl horseshoe crab
Iatva*; Iirte*lrr,s.' bar?ect€ larvacl shore zore fishes; diel foruging; Index of Rel-
adve Importxnce.

INTRODUCIlON

The Atlrntic silvexids, Meuidia nteaidia, is ao Atlandc estuarine shcrr fish
found fnrm Canada to northero Flqida {Xendell. 1901; Hildebrand and Sckoeder,
1918: Bayliff, t95O; Bigolrrw and Schroedel 1953; Lucas, 19851 Warkenrine and
Rachlin, 1989). It is the mest cormlon nf seyeral Atl#tti€ coast rdenidia spcciu;
anrl is foond in al} saline regions of the Mid-Atlsntic coast rrhera it feeds on
small crustacesrs anrt polychaeres (M$lkana, 1966; Morgan, 1989, l990l Mc-
Dermott, 1983). M. meni.dia' in tlre Chesapeake Bay, is reporredro be an omnivore
fceding on small cru$ace$s, worrtr$, insects" arrd dgte {Hildcbrond and Schroe-
der, 1928i. Th* suth${s cildd sborc sumrnarize thatduring $urmer the silverside
is an <rppndunirtic surf*ce oriented shcre:aone feetler, ard spati*l variations ia
diet arc generally ihs m*ult of habitat differeiuen t*anrly txach, mnd shcre, md
marsh ggass). Atlantic rilvcr*iria* rrrove ol}.shore. in thi winter ryherc the diet
becomac racne depoadent npon the bcnthos (Warkertine and Rac.hLin, 19119)" Sav-
eral authors have repoflcd changcs h foad habit* lr/ith cha$ges in size (Mulk*a.
1966t Arstin, l9?3; Cadigan and Fell. 19&31 Morgan, 1990), but nothirrg is hrorvn
of diet patterns offeeding (Mulkana, 1966). This $tudy detefinixes the diel vari-

, Curent Ad&rs; l)eputmmt of Biolsgr. Collcga of Wdliu and Maty, Williamsburg, VA 33 l&5.
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ability in fceding *tivity, and stomach contents ovor a Z4-hr dicl cycle and two
concurrcnt tidal cycles.

MEr}IODS

Samples lrlere c$llcct€d widr a 15 X I.j m beach seine (6 mm mesh) ()n a
sandy York River boach at ihe Virgioi& Instirute of Mtrjne Science, $louce$tcr
County, VA ar 15O0. 1945,00t5, and O645 hron 2O-2t July 1994 (Fig. t). Three
huuts werc madc dsrhg each tirrrc pcriod. AII silversiifur we.rr collec.te<l and
placcd in a 109$ formaldchydc solution. O$rer species *ert rerumcd ro the warer.
Water lrryeratnre rrd sali*ity w.ro rtcdrde.d.

Follir\ritrg:Incsewetion for 24 hrr in formaldchydc ilre ramplcs wert soaked
for $ix'to ,3 trs in freshrvaEr und re-presorvcd in 40% alcohol. Alt fieh,were
weighed {0.01 g) r:n an clectfic balancc, fork length rreasurcd (O.l mm) wiih
Vcrnier *alipes, ar*},ths stomacb excised. No afi€rrlpt was made m sex. the fi*h.
The sttxaach contents verc rernovql and weighad to tlre neffGst 0.ml g. Indi-
vidud prey itcms, identifiad under a dissection.scope to the lowest pnssibli raxoa
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were. wcighed o$d counted. I$ $o$e ua$es tefy $orraJl it6ms t*ere measured in a
group accordifig to pray type or trxon

Dhtt were fotrisued nn a PC spread shtet for analysis. An index of fulloaes
was compuud ficrm lhe ratir> of the stomact content 18ei8ht ro the weight of the
fish. Thc ratios were multiplied by lS to rrukc them whole numbers.

An index ol relative in$trtarce (IR.l) war cornputed ftr ihe individual gut

contellt$ 10 estimate tlrc coutdbudsn ofmajot food group* to th€ rli€{ (Pinkas et

al. l97li Manooch and Mason. I9tt3; Ruderhau*6n- l9M). It accounts fsr thc
weight (or volunre) of each prcy catcgoty, its aurrtcrieal abundar*e. and rhc fre-
{lreocy o, nurnber of tirner iu accurs ia all stcrmachs examined, ?he indet is
erpresseil as: IRI={N + lV}fl, wtrere N = numcricol count W = rlr weight {g),
and F = tllc ftoquenry ofoccurrenrs^

RESI.}LTS

Silver$idc $tonlrFhs c$utaircd fltc most fr:od during mid-aftsr*$on {lndex =
65..3), then decrtolrd finrm rnid-affcmoon through srxsel (38.9}. and midnight
t22.81, rcaehing lowert l*vels at riunrisc {1?,0}, Uddcntified ma(erial and *and
wc't the. dominanr $k msch contcnts {lhblc I , Fig. f). Of the identifiable contelrts,
barnacle larvae {cyprid*l ond h$rseshoe {Iiarala}l crah lanac rrere fnost impor-
ranr, being found in l"l and 13%' of dtc llsh artd compriscd 14 *nd l89b ot'*re
dict irrei8ht r€spcc.tively. fid r*nked firsr (%lFtl-26{/lj anrl mcond (%lRI=179&)
in &e ditt (Table I)^ qrrp6po{8, mrxtly harpar:licoids, ranked'ihird among idco-
tifiable stornach c$fitrfit$ {%IBl=14). Ftying afi$, probabty su:Enring and having
dropped an ihe surl'ace of the wateq wcre found in 10% of the fixh {%IRI-61.
Cramlnadd am$&ipod$ and polychoetcs (Ollt.eral had a %lRI of 3.

Diel vryiationr

Examioatio* of st$ffiach cofiter!.s {%lRI, FiS. 3), over the four sampling peri-
ods. showed that the most striking frature wa$ &e donrinxre of unidontified
matcrial {.%IKl*9r, Tablc 1) in the gulc during ilre 15fi} hr sarrple, fallowed by
plant mate.rial (%IRI=?), intecr par,tt, liara&r.e, and anrplri.$od* lThble 2). Barnacle
cyprid" and copepods dryninated drriag ihc em$ eve*ing {}945} samplc (67%,

ftbte 3). Thcir imporrance contir*pd tluough the riEht t0915 k) whcn Limulus
end the potychaf,.te, {}lyrra, becanre the rno$l funpoftant conten$ (%;I8.l=55I#,
aM I4%, respectirely; Table 4). tlorscshoe crab larvaa and crustaceans wert no
kxgar as imponmq by runrise {p645 hr , haring been replaced by flyi*g aats

{%IRt=371 {Tablc 5}.

D}SCUSSION

N. ncnidia is aa omnivorous vixual fecder, The fullne$s indcx indicates feeding
activiry appuar,s ts be grcatr$t during daylight, deci?{linE qfrer dark, The high
f$llncss indc* at ISIO hr, rarulto fmm tlre large voltrme nf amorphot$ unidtntified
mntrrial, at lenst $.fine of xhich l#as be$rkic dialoms and jellyli*, in 15 of ihe
16 stotrrachs exanri;ned. Discouqting thi* unidtrtilie<} m$tctial, vasctlur plants
becamc thc domioant dlyligh( ffird ek ng {vith aaly o fetl,l crust&ce.ans

snd horceshse crnb tlilr.r*I*r) hatthlirt**. Bailta€lc cy.prid$, hatchling /,*mrJrs, and

copepods became sipiictrnt diaary components aftcr dark, no{ $dy in numb€rs
bxt in frquency of occunencr.
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Menidia menidia

Horseshoe Crab
LawaslTYs

Percent Index of Relative knportance

Polychaetes 3Y-o

Flying Antt
6%

0thers Unidentified
29o/sAmphipods

3%

Copepods -;
14% i

Barnaple cyprids
260/o

Ftt:.7, b{tfridia ,t csldid $Iomr$h tontdota cxprtssad s nr lodex ol &plafiYe kryanuct (IRI)-

Thc larval trrmnlHs,ingieeted wcrs undoubtably s*atmirg af*t escqiag thair
ncsts. Rudlqe (19?9) reported that Ufi&lu$ larvae batch and emerge lrotn ;upra-
littoral nests on n<rturnal summ+ spring tidc*; wlren they exhibit a ". ,' $trotlg
noL1rlrnal u:tivif rhyttrm.'l Ttc July full moon in tS94, and.rezulta$tspring tide,

wus 32 July, Ibe highcst !RI,{%IRI*55%) was lacasu&d at{Dl5 h, thrpe to four
hours after *re high tidc and, at thc tirne of out ,first *am$iug after tlre high tide.

Simils,r to tlrr, Lirn&tur Isvae;'barnsclo cyprid larvae ore pbolon&gativo (CtisP

arad Ritz, tyl3) ad can be fourxl io syarms ncar lhe surface at nigbt" Such
txlravi<x would bring thGm into the same nocturaal habitat as the silver.side. Our
fi$dirrgs might bt thc result of lhiri cyprid bchav'ior Insecr, copcpods" and my*ids
fferB thc oth€r mostimxrortxtt Fyi and ihit $as tq$.istent wi& drat rcponed by
Mulkano (1966), Ausrin (t9?31, Cadifan and fpll (1985), and Lucas (19s5).
ril!*g€d ants of,tfli. swarrt on still *ulBmer aighi$, .sgEE falliag oa lhe nater sur-

face, which &ccounts for *leir rtosrur'nsl PrEsdItGG,in lhe ford coileots.
Wc found no size relationship betvveco prcdator and prey,ir thl* *ardy, Mulhana

(1966), on rhe othet hand found undifferentiatd Bslanns larvaa werc mcue com'
nxrn in Melidia orcr 8O mm, ontl thtt bcn*dc diatorn,g wcrt mo$t comrnon ie
smaller fish. Morgan {1990) found harnacl* larvae rtere rilnc c$mmon lrrMr.rl,idia
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Meridia rnenidia
ladff of nelrtive lmportanct {24 h)
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&1I5,0645 hri.

smaller ihm 55 ryryi and Cardigan and Fell (1985) end l-ucas i1985) foun<t co-
pepods mori abtrndant in "smaller" fish. The diflercnccs betwrcn whot $re ob.
served and otlrcr workers. rniglrt be because most of the 6sh we collected werc
small (5$-70 mrn).

Of equal significance to the atrundance of barnacle arrd horseshoe crab larvae
was the absencs of mysids rnd othe.r estuarine crab larvae, Farticularly Bmallel
?.oca stage$. $tudies by Morgan {1989, lgg0} sugBestd thx the nrorphology of
thc zrxr, sdth,their carap0c& spirc$. Isake thcrr udesiriblo prey to rhe silveEide.
He alm suggextad {hal "poorly-def€ndod zoea," tho$€ with no spines, Itca tor
elample. har*h on nocturnel epring tides kr $ke advartage of etrorg spring ebb
tidal cuffrnt$ to avoid plafiktivorous fishes. Whilc this latter point may be uue,
it doee nr* app€fir t{} bc.app}icable tn hrn$eshoe crab larv,ae.

I{ysids hatre,lreetrcporied,as importart cerstiure[ts of the cilv$rside diet (Mul-
kgna. 1966; Au*tiu, I9?3;CadiganandFeIl, 1985; Lucas. 1985;. Fe*werefomd.
atthough we havc- collecte{, them from silverside smrnschr in ofter shore sreas
(Sprakcr, 1994)^ L&$iak (1983) and Laeialc and Mclachlu (I98?) found tl,rat the
nrysid shoaliug behayior in a dynmic cnvironment prcduccs *hort-term, patchy
concentradons <rf myridt tr shore-zone fishes. This caums heary prcdarion by
rorne fi*lrE*' while orlrcr 6shes miss the shools c.ompletcly (Wnrldridge, 1983).
Lauiak (1983) euggested that the patchy schooling,tieh*viur af prey rygffii$rn*.
and the pctchy distribution of some surf-mne tishps, nrakes their role a\ €nergy
trznsl'ormere sn ofrro{Urnirtic €vent.

Thexe was tro appare$ rclation between feeding and tidal rrage sincr the sam-
pling was de*igned around tle ?4 tu diel cloc.k. antt we did rlot ssmFlc rppropriate
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higlr/low tidal suger. Al*o, tila *andy beach environrrrqnt er Glolrccster Foint mey
not fluctunic sufficiently bctrreen hiCh and lou, w*cr for a rccognizable earirtion
in silvcmide diet to be evident. The lrrgc numbcr of lrorseshoe crab larvae estcn
jurt aftee the nochrmal high tide howcver, msy have bcen &e rault of ihe coin-
cidenee of a qxrag higb tida and their h*tdrling.luna. cycle. Noctumat full mosn
ftt*Iing by rU. *enidia otuanxicnt cnr*taean *horl*r:rmpqsDdof mcmplanltronic
lartat barnsclcs, hcrteshoc crab*, or ,*inged e6ts. dernonstrated rhe irrp,ortancc
of opportunisrn in r pla*ic dynarnic tmphic ctvironrne.nt cuch ns thc shore-eone.

Ackno*lcd,gntns: Tlre a$thtrs wirh to acknowtcdgc thc Virginio's Governor,s
Schocl pmgrarn and Ms L,ec Larlcin f<n BupFlrt to the fir6r author dutiag a men-
orehip at the Yiryiria la$6tute of Marine Scicncc during tbe sumner of 199d"
M* Mcghan Cropper, College of llllliarn ard Marn axsistcd wilh the 6eld study
and part$ of the labor*tory *oelfsi*^ }r, Dadd Exr6$$ Ftrrvided sa{isticrl.ou&il^
Tha authors wilh to r*knowlcdgc Richrrd Holrquist snd l.ance Garrison for a
critical revicw of thc rn*numripr. VIMS Conrribution No. 210O,
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