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FOREWORD

Ideas for a workshop on Food Habits and Trophic Relationships of Pacific
Northwest fish had been kicked around for several years. They coulcsc< I
during a professlona! meeting in March 1976, where reglona! food habits
studies were addressed superf'Ic !ally. Our'Ing that meotirrg, and durinrj
subsequent telephone conversations, we discussed the need for a workshop
covering the present state of fish food habits studies,
As a result, the f I rst Pac if I c N<>rthwesf F I sh Food Habits Studies Workshrrp
was designed to assemble West Coast biologists currently siudy lng fish
food habits for Informa! discussions on sampling deslqn and techniques,
analysis procedures, and current research. This type of research Is
sometimes nebulous � each investigator doing things just a little differ-
ently y from everyone else. However, lf seemed to us that the time bar!
come to compare notes, to discuss thc merits of various techniques, and
'In a forum for researchers with problems, to get the advice of reglr>naf
experts In the field.

Flyers wore sent to people who we ihouglrt might be In! erestod in such a
get-together, Originally we hoped to hold it at Harmond, Oreqon, where
the National Marine Fisheries ServIce maintains a field station in arr
old Coast Guard building. From the number of responses, it soon became
evident that the field station could not comfortably hold the group,
the orirrinai expectation was to host about 25-30, but registration
eventually reached 50 people. So the workshop was expanded to 3 days
and was moved to the Thunderbird Motel in Astorla, Oregon, where confer-
ence, room, and restaurant facilities were ava!Iable. Despite Its
remoteness, we considered Astorla an appropriate setting both because
of Its scenic quality and because attendees would be Ies- likely to
wander off to more urban temptations as usually happens at meetings in
big cltles. We all came together' with a surprising min Imurn of late
arrivals and no-shows, on October 15-17, 1976.

One of the rrrost important resulfs of the workshop was that rr.soarcirersgot to know each other and each other's work. Conversations extended into
coffee and meal breaks and well Into the night. This was the k'Ind of
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Purpose and sampl Ing design

Charles A Slmenstad

Sandy 0 L I pov sky

June l971

xl

interaction we had hoped for, and apparently achieved.

Other than a general I lmlt on length ~ there was no Ital t lcular format
prescribed for workshop presenfaf lons. Thus, these proceedings represent
a varIety of subjects, rather loosely organized around the tive session
topics:

Sampl 1ng of benthic predators and prey: ilaw different =ampler
and sarnpl ing techniques alter our Impressions of the benthos

Laboratory procedures and Identlf Ication

Data man I pul ation and present at lon

Interpretation and resu!fs
Although they cover the present at lons, the papers assembled here vary
In length, format, and overal I organization. Hopeful ly, future pro-
ceedings papers wl I I be more uni forni 'In format. The discussions  half
of each session! proved to be so meaty and worthwhile that we have
transcribed these from tape recordings and have Included them here pretty
much In their entIrety.

Because this was the first "gathering of the minds", we planned to spend
a great deal of time discussing methodology--and Indeed we did, Un�fa-
rfunafel, even though flic rnerlfs and disadvantages of various techniques
were discussed at length, a standardized method < If there ls one! was
nat derived. We st I I I iieed to def Irie the prey dlmens1ons and we igiits,
efc.--their pros and cons, and the appropriateness of each relal lve
ta the questions being asked, Therefore we strongly bel leva thai ore
outcome of the next workshop should be a handbook on methadol oqy of f lsh
stomach analys'is, Widespread use at such a handbook could mean that
results of studies a'ang the I'aclfl~ Coast of Canada and the United
States, or anywhere else, miglif be more eas'Ily compared.

Another area that received much at tention, but that could nat be suf f 1-
clenfly covered involved the statist ics used In testing the s igni f lcance
oi dl f ferer t prey compos lf lors. Several of the best sfal' Istical analysts
In th1 f laid af fended and answered many questions; however, many more
quest lons were posed In the process. The next meet lng should 'Inc liide at
I east one entire session on the use of stat 1st I cs as appl led I'a f Ish pr ey
compositions. Again, in Impsirtani byproduct could be a han<ibaok ar af
least a chapter ln tiie prev ious I y ment loned handbook.

A th'Ird Item for inclusion in such a handLeok should bo a list of useful
sources, key, etc., categorized by faxonomIc groups, used lii Identifying
prey organisms,

Alii i Ihe workshop a urvey,hen! wa, mal leiI to sl tendai' qurryliiq them
abiiii lhelr oplriions of t1ie workstiz>p and their desires for unafher one,

'I s it appears that this workshop was e
I f  I f h,d I I 11 o k h

success and f d hanqes in format and newIn the future. Several p p aneo le suggos e c an

seful. Sflii oth rs Indi f d ti, I
rs ex ressed the op lnlan ia wor ni

than forma prmal resentatlons would be useful.d that the next one slivuld be extende ' od 'to
this wor pksho was too short and ha e net I 'I at lori was wei I received, the4 or 5 days. Althoug h the Astor a oca or

f to another scenic lai a on orfl for the next meetinq.
consensus was o move

rch ro ressrs s lowly, new Informal Inn i s niifBecause th'Is type of researc i prog
fast enau h to warrant an annua mee ng. eregenerated as g I d f ever y other year, whi cii pii

respondents Indicated t athat we shou mee f fhe f I rst meet liig,fai 1 1978. As co-chairnen ar ethe next workshop ln aor an Ize the 1978 session. However, we hope that by
we have agreed fo orga~ d fliat the chairmanshipu wi I I be wel I enough eslubl lshe iafhen the group w n the v*r ious countr ies and state,.and editorship can be rotated among the v*r ous

f I na i i y, the success of t »hi S WarkSha r eau i I ed f rOm the peep 1 e whOp f r their work end hadThe shared a special enthusiasm or e rpar I I c I paf ed. ey s a d'Iff 'I techniques. It wa thisa w I I I 'Ingness to I isten to new and ercnt made this workshop so prof It-ardent participation by each person tha ma e
able,



INTRODUCTORY ADDRESS

Alonzo T. Pruter, Deputy DIrector
National hfarlne I'Isher-les Servf»e
Northwest Frsher'les Center
Seattle, WA

I would like to welcome you to the firsl Pacific Northwest Fish Food
Habits Studies Workshop. I th'Ink we obviously owe a real vote of tharlks
to the co-chairmen, Sandy I.ipovsky and S I Slmenstad. It looks a. If
they developed a rea I y Ir»ter est lng, and useful agenda and g ~ther»»»I »r»I>'od

p f part I c I pants. I understand that you ' ve come a I I the way f r»rrrr
San Diego to Fairbanks; you could actual ly rename this workshop pacific
Coast instead of pacl flc Northwest with no problem. They even managed
to produce some beautiful weather down here. I notice that Sl and
Sandy have such a busy schedule outlined for you that you are not
going to have much time to take advantage of the nice weather andlook around. That's a shame for those of you who haven't been to Astor ia
before because this city and the surroundings have a lot of Interestirur
things to offer. This 'Is the site of some Important commerc'laI fisheri» s,

rn the Columbia River and nearby ocean waters.

The Columbia River has been used In many ways over the years; to produce
flshl to produce sand and gravel for buildings; and as a deposit for
pollutants, The expression "unique" Is overworked today but I think

I ~ many ways, Astoria Is unique and has some important lessons
for everyone If they will look ai the situation closely.
I'm aiways happy to return to Astoria. As SI mentioned, I slarted my
career out here about 26 years ago with the Oregon Fish Commission; In
fact, some of your agenda top'Ics bring back memories. I guess my flrsl
errppsure to food studies was while work'Ing for the Oregon Fish Comm-
ission ln Astorla and I learned a few lessons. I recall that one of
the things we were doing In those days was studying the distribution
and life history of the black cod. I routinely used to ride a lot of the
commercia I t raw lers out of Astor'la that were fish Ing for Pacific Ocean
perch; in those days the depth for Irawilng for fhern was generally
from IDO to about 150 fathoms. The black cod were quite prevalent al
the same depths and over the same substrafe as the Pacific Ocean perch
so the trawlers caught a lot of them with the'Ir perch catches, I
used to look at and collect scales for aqc studies and examine a Iol
of stomachs so I thought I had a pretty good conception nf the feedin»j
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habtts of black cod. Ilowever, a few years iater a group of us returned
with a different organization, oii a contract with the Atomic Energy
Cainmlssion to da some deep-wafer trawling off the mouth of the Columbia
RIver fn the Columbia River canyon, We found b'lack cod c mviionfy down
to depths of 400 to b00 fathoms. Looking at the StcmachS fram black
cod at those depths showed an eiit truly different fssdfng sltuatlon--
cannlbal fsm among other things being quite common, In the deep water
one had a great simp! if icatlon of the demsrsal community of black cod
and Sebastolobus alascanus, scorpaenid rattal I s beIng the dominant
forins, 'I suppose, because of that great simplification of community
structure, the feeding habfts af black cod were entirely different at
those depths than In shallow water.

Even after this episode, ln the mid-fgbU's, we did soniw of the first mld-
water trawl tng with large mid-water trawls for hake off Astorla, Oregon
and Washington, snd we learned another lesson. Tlie stomach contents
of the hake were qul te dl f fsrerit when they were taken on tlie bottom or
when they were taken In the wai.sr column; hake undergo dl urna I migration,
A researcher needs to have complete geographic coverage iii his samples
to really be able to generalize about the species In quest'lon. Other-
wise, one had better conftne his Interpretation to the limited part of
the range with which he is dealing.

There was another exciting discovery In terms of good studies, so con-
troversial at the time that many people would not accept lt. In the
early 1950's, Or. Fukvhara, with our laboratory in Seattle, was the
f'Irst American scientist, to my knowledge, ta go out with the Japanese
mothership fishery ln the North Pacific, Gulf of Alaska area. This
ls a gitlnet fishery, as many of you know, and Dr. Fukuhara looked at
a lot of sackeye salmon stomachs and fovnd that they were feeding
predom'Inantly on fish and squid, Many people wouldn't believe that
because sockeye salmon were known to be plankton eaters. But It was
true that ln that part of the Gulf of Alaska sockeys salmon do feed
extensively on fish, smelt, myctophlds, and squid. Again the lesson Is
pretty clear, either qual'Ify your remarks in terms of the geographic
coverage of ths animal or be sure that you cover the entire range of
the animal,

The same sorts of tessons emerge wlien one thinks about the sampling
gear Itself. You obviously need to know the selective characteristics
of the gear you are using in order to properly Interpret what you see.
I see by your agenda that these kinds of topilcs are Included and It 'Is
extremely fitting for a workshop of thils sort. I notice also that your
agenda Includes a discussion of food cha'In dynamics or troph Ic
relationships, or eco-system stud les or whatever you want to call 'lt.
This, to me, Is extreme'ly important and gives the needed perspective to
food habit studies.

I must confess that I probably feel this way so strongly right now
because of a personal experience In which I' ve recently been Involved,
and am still, that hss to do w'Ith passage of the Fishery Management

and Conservation Act by the U.S. Congress a couple of months ago. As
you undoubtedly know, this extends the fishing liinlt of the United States
ovt to 200 miles off the coast. T' he effecttve date of Implementation
of that 200 m'Ile limit Is March 1st of 1977 and to comply with terms of
that Act ft Is necessary to develop management plans to govern all of
tlie foreign fisheries that w!Ii bo occurring with'In 200 mlles of the U.S.
after Marsh I of 1977. Although the Act establishes regional councils
around the country to devetap management plans there was not enough time
for these councils to be formed and develop the necessary detailed
plans on such a short time frame so the Department of Commerce was
assigned the task and lt filtered down to the National Marine Fisheriss
Service--only for the foreign fisheries aspect. So iiow at the Northwest
and Alaska Flsherles Center In Seattle we' ve been very busily engaged In
developing these plans covering nine different fisheries extending all
the way from the Bering Sea down to CalIfornia, including s wide verlafy
of species such as groundflsh, shrimp, tanner crab, king crab, snails
 because J apan has a small snail fisher y in the Bering Sea!, and high
seas salmon.

The ksy thing that we have to determine In relation to each of these
plans Is the maximum sustainable y'laid for each species and the
equilibrium yield at current populations' densities, and levels. How
In doing this--because of the lack of data--we had to look at each of
these species and fisheries as lf It existed in a vacuum and as If it
was not a member of a community of organisms that Interrelate to each
other, competing for food and preying on each other, We baslcalty Ignored
these factors, not ovt of Ignorance bvt for a lack of understanding of
the 'Interrelatlansh'Ips, arid that's not good. The result of that ls to
realize less food potential from the particular system you' re looking
at than you could realize If you understood the relatfonships between
the different animals and organisms In ths system, So, to me, that Is
one of the very relevant aspects of which you are going to bs talking
the rest of this week. The things you are do'lng now and in the future
make yav ail potentially extremely valuable contributors to the ~hole
management area.

We need ta know mare that Just what a particular species is eating at
a particular tfme of point In space. We need to know the food habits
at different sizes and ages, particularly at the larval stages, which
probably are the crftical stages for determining year class strength.
One of the key features of good management ts the ability to predlct--
and we can't do that very well now. It seems to me that food studies
aimed at critical life stages, such as the larva'I stages, could help us
understand the inechanlsms behind year classes. In add'Itfon to year
class strength, I think ws need to know a lot more about rates of trans-
fer of energy between trophlc levels. We need to know the effect of
se'lectlve fishing, ar targeting on a particular species within a commvn-
fty, on the growth and survival of the non-targeted species, the com-
petitors and predators in that system. We need to know the effects
of the physical environment itself on the growth and survival of the
elements in the canrnunilty. When one begins to add up a'll the things we
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need to know it becomes pretty obvious that the only way to achieve thatknowledge Is through a rea I mui t I-disc i pi inary approach, coordlncrt lng the
ef forts of many resear chers. It 's an awesome task but It can be dorreand 'I think we have the tools with which to do It. One of the biggesthe ps is the field of eco-system dynamics and modeling that Is Justgetting started. I think that's fair to say. This field has a greatpofendlal by being able to help us-- In the area of food studies, forexample--to Identify some of the crltIcal species or elements In thedifferent systems. I think enough is known about modeling al- the presenttime to at least point us In directions that w'Ill save us a lot of time
by filling ln the gaps of knowledge for those particular species orelements of cormnunitles that appear to have the greatest Impact or driving
force within the systems. I'm glad to see you are going to have some
discussion of this in your wor kshop,
So again I certainly commend a I I of you for coming to this workshop. I
know that when you I eave here you w'I I I be happy w'Ith the things youdiscussed. You may not go away all agreeing to use the same Identicalmethods in your studies but I bet you will go away knowing what every-body eisa is doing up and down the coast and their rationale and ltseems to me with that kind of start it's oniy a matter of time untilyou come to common agreement on techniques and methods, maktng the
results up and down the coast comparable to each other,

PARTICIPAIV TS
Gregor M, Cailliet

Richard G. Stainer

John S Stephens Jr
Gary Smith

James L. Congleton
James E Smith



SEVERAL APPROACHES TO THE FEEDING ECOLOGY OF FISHES
Gregor M. Cailliet
Moss Landing Marine Laboratories
Moss Landing, CA

The Investigation of f ish food habl ts is becoming very popularamong researchers in such fle I ds as ecology, Ichthyology, and f I sherl es
biology. It Is not the Intention of this short paper to review thisrapidly growing field, but rather to brief iy present several approache-
to studying fish feeding ecology that we have utilized In studying
fishes from three dist'Inct habltats: the deep-sea bas'Ins off Santa
B b,Clif I, I hihth ~ Id t f1 I ~hl *tllbllf I ly ~ thy I g Id I d Pt I hi ~l. It fly lly t phl d ~ I
were studied  Ca i I I let 1972a,b!, the Monterey Submarine Canyon, where we
hp I tlg t dt ~ bf fl h fh~lfl b I I P p I tl *" lt
related to the loca'I trap f ishery <Osada and Cal I I let '1975!; and E lkhnrn
Slough, a shel low coastal embayrnent In central Cal iforni a, which harbors
a rich and 'Interesting f I sh fauna  Ca'I I liat et al . 1975!,

In each of these three habi tats, dl f ferent questions have been
asked regarding the feeding habits of resideni fishes, but the basicinformation gathered was similar. That 'Is, prey Items taken from stomachsand Intestinal tracts were 'Identified to the lowest possible taxa so thatprey composition Information would be as accurate as posslbie. Three
measures of abundance were used: number, volume, and frequency of occur-
rence of each prey Item. These three measures of prey abundance tell
the Investigator different things about the feeding habits of a fish.
For example, the homer cal Importance <usually expressed as percent by
number, $N! and frequency of occurrence  that proportion of stomachs
containing a specific prey Item, !FO! reflect the process of selection
used by the fish 'In Its feeding behavior by pointing out how many preyand how often a certain type of prey was selected, but little about theamount of nutrition  or enerqy content! the fish gained from that item .Whereas, the volumetric importance  percent by volume or weight, NV! ofa prey Item indicates more about the nutritional value of the prey Itefn.
In order to combine these three measures of "Importance" of prey, asingle index was derived  Plnkas et al. 1971! that proves useful Inranking prey Items, but st'III allows', $V, and EFO to be presentedand evaluated separately. This "Index of Relative Importance"  I.R.I,!
is calculated by adding the $N and $V, then multiplying the result bygFQ, thus calculating the area of a rectangle produced by plotting athree-way graph, In which '$N and $V are plotted vertically and UFO hori-zontally  see Fig. 7!. These three measures of prey abundance can also
be presented In tabular form  see 'Tables 1-3!.In all three of our sfudies ~ we have calculated I.R.I, values to
rank the prey Items, but they have been used to answer different kindsof questions about the feeding ecology of fish predators. These feedingstudies fall into five general categories, and serve to demonstrate thc
diversity of approaches that can be taken ln fish feedIng analyses,



For example, In order to understand the relationship between predatoran<! prey populations, one must know something about what the predatoreats, how much It eats, and what changes occur temporally and spat'laity
Iri Its feeding habits. Bath the type of habitat and predator will
strongly dictate the kind af feeding study to be underiaken.
Feedi n Habits as Related to Feedl n liar holo

Feedinq morphology strongly 'Influences the kind of prey a fishcan consume. Thus, It is important to derive tui Idea of Ihe feedingcapability of a fiJh by studying its feeding morphology. This has beendone for sirch groups as f1 atfislies ide Groot 1969, 1971!, sur fperches
 DeMartinl 1969!, and trif3 mldwater f I ah far»i I le.. Mal amplia1 dae andMiyctophldne  Ebe ling arid Cui il iet 1974!. In adlll lion, the alimentarymorphology of two of the r»oaf comma<I mi dwater f ishes f r om de!p-scabasins off scut'i<em Cal1iornin was studio! 1o sei. h<iw closely theirfeeding hali its reflected <tx<pholagy  Cni I I let 1972a,bl. ihe smooth-t g, ~LI *. tilt I:;, l,»d t I I I, th I Ittshorter jaw length, buf slml 'Iar breadth!, fewer teeth, mare close ly-spaced gi I 1 rakers, longer intestinal tract   Iricluding lido stomachs!,
and more py'Iaric caoca <Iten th<; northern lampf lsh Stenobrach'lusAl d llbbii t.t d th t ft h ith I g tl
cari better grasp prey from liie side, wiii le fishes wl lh smal ler mouthscan better suck ln their pr.ey. Also, Yasuda �960a,b! reasoned that
the width of the gape determines the ability of a fish fo trap Its prey,while the Jap< length determines the size of prey, arid  Yasuda 1960clthat close spacing of gill rakers aids fish in filtering and catchingtoad, especially smaller things like zocplanklon . Gut length may alsoinfluence the size and quantity of prey, with fish that have long gutstending to eat smal ier I tcm.  Darnel I 1970! . Thus, ttie fee<ling morptialogygg*t. tht~kl yb hit* t kl g I b d t ftitems, whereas Stenabraclii us may bc bat ier at grasping a greater diversity
i f I ess abundant but larger and stroriger prey, The st<imacl content

It I dl t th t th . ~ dl tl i IT,bl Ii. L
I tly ft-b*dl d Ip ~ I « , hlf St. b hitly I* g d I I p p d d ~ ph lid . Th , f* dl g

morphology was a useful way of approaching the feedinq ecology of these
f I shes.
S atlai Differences In Feedln Habits

The location from which samp'les of fish are taken may have consl der-bl ff t p* p y p ttl . I th* tdy, L pgl* t*ddto feed an simi I ar prey in bath the shel low, Inshore Santa Barbara Basinand the deeper, offsliore Santa Cruz Basin, wh'lie Stenabrachius dl f fared
b t** b t ITtl Ii, I I thb I, ~LI. t tlllarvaceans and saips, fal lowed by ostracods, smal I copepods, zoea larvae,and euphausi ids. Salas, which are larger than the morc numerous larvaceans,

made up the greater dietary bulk. The diet of Stenobrachius was lesssiml lar between basins, wi th the primary di fference being in the ranksof items and in the dominance of the most Important food. Inshore, It

t* t d, ~EA I p ill, d I ty f I* g *p p d
with na Item predominating unless all size classes of copepods are
pooled. The offshore fIsh ate relative'ly mare euphausllds and large
copepods, with much fewer ostracods. It Is uncertain whether these
dlfferenres are due to changes In preference or to varying availabili-
tyy. Nevertheless, before generalizing about the feeding habits of a
fish, one must Investlgat'e the pass'Iblllty of spat'lal differences
occurring.
Tem or al Ol f ferences in Feedin Hab Its

The time of capture of f lsh may also strongly inf luence the kind
of food that fishes consume. Di el feeding chronology has been Investi-
gated for such groups as 'lanternf ish  Baird et a'I. 1975! and flatfish
 Thi jssen et al, 1974! . Since both species studied of f Santa Barbara
were vertical mlgrators  Cal I I let 1972a,b!, it was important to cstab-
I ish whether there was a die I periodicity in their feeding that ml ght
be related to the mlgrat ion pattern. One way Is to es timate the
"Intensity" of feeding using a ful lness Index <subject I vely scored as
0 ~ empty; I = 25$! 2 = 50$; 3 = 75%; and 4 = $100 fui I ! and a state
of digestion index < I = very finely digested, nothing recognl zabie;
2 = medium digestion, some recognizab I e parts; 3 = same digestion,
some undigested material; and 4 = undigested, whole animals  DeWI tt arid
Cal I I let 1972, Cal I I let 1972a! . Then, a 4 X 4 matrix of ful iness Index
by digestion index can be constructed to resa'! ve maJor feeding states
of  A! not recently eaten or ful I, Including empty stomachs;  8! recent
but not full;  C! recent and fuii; and  D! ful I but nat recent  Cai I I iet
1972a! Fig. I!. Hlstograms can then be drawn to show the frequencies
of these four feeding states to evaluate recency and Intensity of

dig gtl ddpth I t* I lflg.fl. ~LI I d
mostly durliig the nighttime In she i low water, since the majority of B
and C categories were highest then, but fed some at m'I ddepth dur ingboth day and night. These 'Indices could be str ang ly influenced by .:law
dig tl t, b tthl i p b bly t Itl I I ~L
ate mostly soft-bad'led  and presumably qu'Ick-digesting! salp and larva-
ceans  Table I!. Thus, feeding intensity varied with tir»e of day.

Another temporal effect on feeding is seasonal 'Ity  Frame 1974!.
~kls s f*f dt diff I t*dlghbit hi
graphic seasons  Table 2!, Larvaceans and salps dominated the d'let
during upwel I ing, but mostly copepods were consumed during the thermal'
stratification period. Possibly this di f ference 'Is due to a change inprey aval 'I abi I I ty since salp catches  r»ostly S~al a fusi forml s!decreased
during the warmer st<-atl f1 cation period  Cal I I let 1972a! in mldwater

tll .Atthttl,~kl yhhdt k t
copepods, which may be harder for Ihe fish to catch. In any event,
seasonal Intluence should be considered when conducting feeding studies.
Feedin Habit Anal sls of a Commercia II Ex loited Fish

This approach is dist ingul shed from the others I have dI scussetj
because the fish being studied is commerciaiiy exploited, and the kind
of prey Items such a fish  and Its competitor! utilizes may In turn be
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af fected by the intensity of exp lol tation. Thus, In attempting to
manage that resource, Information on "interspecles relationships of
a type that can be important In regulating population productivliy:
predation" is useful  Watt 1968 ' p. 133!. During a trap fishery
project On the Monterey Bay sableflsh population  Dsada and Dailliet
1975!, we examined stomach contents to determine the kinds of prey
they consumed. Sablefish from traps set In waler deeper thon 400
fathoms ate mostly large crustaceans  decapod shrimp and crabs!, squid,
and other fishes  Tab!e 3!. Thus, changing the intensity of the
sableflsh fishery in Monterey Bay might affect the trophlc role they
play In the submarine canyon, both in terms of their prey utiilzatlan
and that af their trophlc equivalents or potential compet'Itars, such
as the ratteils. family Macrouridae>, which also consume these kinds
of prey  Pearcy and Ambler 1974!.
An Ecolo Ical A roach vs'In Tro hic Dlverslt and Resource Overla

fn many cases, studies of f i oh resource vti I i zatlon are simply
started out of scientific cur iosl ty, with I I ttle or no practl ca I reason
other than to utl I 1ze ecologica I concepts to vnderstrrnd the trophi c
interrelationships af a population or community of f ishes. Much of the
literature dealing wlfh trophlc ecology has not concerned fish as
subjects, but moSt of the concepts discussed, such as trophic d'iversity
or resource breadth  Hvrtubla 1973! and food overlap  Horn 1966>, are
equally applicable to fish studies. Recentiy, researchers have been
applying svch concepts to varied qroups like mlcrocarnlvorons wplcker-
type" fishes from kelp beds  Bray and Ebeling 1975!, klilifishes from
coastal waters  Fritz 1974!, deep-sea rattalls  Pearcy and Ambler- 1974>,
and demersai skates from the Atlantic coast <McEachren et al. 1976!,
In this final section, I will briefly present an ecolagica! approach to
the feeding of flatfishes ln Elkhorn Slough, California. Many af the
observations already made regarding spatial and temporal differences in
feedi~g are also evident from this study, but will not be discussed
further. Rather, I will stress the various ecolog'Ical tools we have
used to describe trends In the feed/ ng hab Its af four species of f lat-
fl h: ~PI ti hth t II t, ~P ~ 1 I ~pith I hth

d «Pttlff th I stf t
First, In order to fully describe the traphlc composition and

diversity of a predator, a suff icient number af fish guts must be examined.
One way to determine sample sufficiency Is to plot the cumulative number
of prey categories observed against the randomly pooled number of guts
examined <Hurtubia 1973!. The minimum number of f Ish guts necessary
is estimated as the point at which the curve levels, and once this level
is reached, the prey composition can be described with less fear that
some Important food sovrce has been overlooked due to insufficient
sampling. Such curves for flatfish at the bridge station Indicate
that an adequate number of guts would be between 60 and BO  Fig. 3!.
At the ocean station, however, Insufftc'lent samples of all fish bvt~CI th I lith ffft I d t ~ d o t ly d «Ib t phl p It l

Once sufficient numbers of guts have been examined, the resource
breadth can be described In a var lety af ways, inc'ludlng the Index H

derived by Bri I lou'In, and used to estimate traphlc diversity by
Hurtubia �973! because of Its relevance to gvt content analysis,
Once H values have been calculated for a series of Individual fish,
the frequency distribution of H values among Individuals shovld be
observed to see If the mean trophic diversity wl I I be representative
Of the predatOr pOpulatiOn aS a whOle  Hvrtubia 1973!, Moan li values
for these flatfish appear representative for both locations studied,
~ epti g p h p ~Pi tl hth t th t tl IFlg. 41.

Since diversity indices such as H are Inf luenced both by a
richness component  the number of species! and an evenness component
<J, the apportionment of Individuals among species!<PIelou 1975>,
the component which Inf luences the irophic divers ity valves most
should be assessed. One way to evaluate th Is Is to plat both mean J
and mean H fOr eaCh SpeCieS at a location  See Fig. 5!. The higher
ff f ~PI * d ~C1th I hth t Ih b ldg* t It I ~ fl d
by relatively high evenness among prey species, whi le both si ze classes
I~PI tl hth 4 h d I It t phf dl Ity *I, d .pft

I fgll ~ . At th t tl . h * ~P*ttl hth pp f
the first time, and has a low trophi c diversi ty, the trends were a b lt
diff t, Ith ~ph»hlblf1 g th high t dl I ty b 1 I tl ly
low evenness,

Prey composition for these flatfish can be presented by major
groupings  Fig . 6! or by I.R.I. diagrams, relating the numerical, valu-
metric, and frequency Importance of more specific prey taxa  Fig, 7!.
Generally, mOSt Ind lvldualS fed upOn palyChaeteS in bath loCatians,
hills ~C1th I hth pp d t tt h t phlp ds ~ d d p d 1

the ocean station  Fig. 6! . Although it is beyond the scope of this
paper to dIscuss specific prey taxa, It is Interesting to note that
the differences found In mean diversity and evenness  Fig. 5! are also
epp t I th h p I th I R I. di g, p I I ly ~ P~h
e 4 ~Clth I hth e p d t th t tl IFlg. 71.

It Is possible ta more quantitatively evaluate dl fferences In
prey species composition among filsh predators. Several ways ta do this
have been derived, such as s lmi lari ty indices  McEachren et ai . 1976!,
Kendal I or Spearman rank correlation methods  Bray and Ebel ing 1975,
Fritz 1974!, and Marls1 ta's Index of overlap  Horn 1966, Pearcy and
Ambler 1974, Bray and Ebel lng 1975!. We calculated Morisita's Index
of I p I glhh Si gh fl tfl h d tl d ftl t ~pttl hth
at the ocean station had very low values when compared with al I other
pe i e ptC~ifh Ihfhs, I ~ ~ hih s bth p I hdb* f*dl g

helly P o *P I fath I lb. Aff, Pbl.dt1.
Also, the over lap values among the other f latflshes tended to be law,
ranging from 0.03 to 0.11. At the bridge station, however, overlap was
general ly much higher among the three species, ranging up to 0.95, A
general conclusion, based on a'l l of the Information used thus far  Figs
7-71, I th tg~lth ihth d~Ph g 11 df d
hi I ~fs ttl hth hloh I I ly I th d tly

f ish prey, Is more special Ized and therefore had the lowest traphl c
dl vers ity.



Final ty, one must also evaluate whether the feeding habids of
fish are variable due to preierence of the predator for certain prey
or simply to d'If ferences in the aval lab 1 I lty In the environment sampled.
Since Our study In Elkhorn Slough was concurrent w! th a benthic survey
of Invertebrates <see Nybakken et al. 1975!, we were able to estimate
the relative ave l lab i I lty of prey I tems  NP! and compare this with
the actual proportion each Item comprised in the diet <$R!. Then, we
calculated an el ectivity Index   I vlev 1961!, which ref facts the food
preference of the Individual flatfish species. Again, discussing
Individual prey taxa Is impossible in this paper, but It can be noted
that several, prey items were consumed ln direct proportion to their
aval lab I I I ty, whi le many others were either not wel i represented in
the diet  the fish did not take them, even though they were aval lable>
or were not captured ln the benthic samples  thus, 1' he cores did not
adequately sample some items!.

This combination of approaches is one way of attempting to cover
the many ways fish feeding habits can be studied. It is hoped that
the above discussion wlii be useful to researchers deailng In such
studies,
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copepods �-2 mm!
copepods <2-3 mm!
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fish scales
copepods � nnn +!
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Santa Barbara Basin
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oceanographic periods ott Santa Barbara, Cai I fornla"

Ffsh were taken from Santa Cruz Basin
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~N gv ~FO
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ostracods
zoea larvae
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fN $V ~FO
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traps set deeper than 400 fathoms In Monterey Canyon""
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decapod shrimp 12.0 11.1
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Figure 5. f  an  and Std.Dev.! II and 8 values for preY of four species
of flatfish froro two statians near Elkhorn Slough  from an unpub-
I lshed manuscript by D. Ambrose! .

Figure 6. Percent frequency of the major prey groups fount In threespecies of f la! f Ish from two locations near Elkharn Slough  from
an unpub I ished manuscript by D. Ambrose! .
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NFRITIC REEF FISH COrlMUNIT IES � -SOMF PROBLEMS
ANO A POSSIBLE SOLUTION

Ricrrard G. Stainer
Dept. of Fisheries 4 Wildlife, Oregon Stat ~ University
Corva lls, OR

Extensive diversity nmcnq tire nor i 1 ic r lshes of the nor f hcesr e~n Peel f ic
Ocean ls characieri.,tie and apparently unique fo rocky reef habitats  Mi I ler
and Gelbel, !973!, Much is still unknown about the biology of Individual
fish species inhabiting these reefs and about the interactions between these
speries. The purpose of this paper is to explain how fond habitat studies
can be used to help urrder;tarrr! the community eco ogy of ner I tie reef f I shes.
In my presentation I w I I I attempt to develop a conceptual framework for
studying the feeding ecology of these fishes and to briefly explain how we
are using such a framework to study neritlc reef fish corrnrunltles adjacent
to Depoe Bay, Oregon.

The fundamental I>asis of the community contopt in ecolo!y is that coextensive
popu aopula	ons interact with each ot'her and with their environments through the
transfer of energy and materials.

In some ways It is difficult and ln other ways It Is very useful to consider
rierltlc reef fishes es constituents of a neritir reef comrrunlty. The dif-
f i cu! t i es are ma inly In corral der ing these organisms as const it uting some sort
of discrete community «hich can be considered separately from other such com-
munities. Such a consideration would entail much more information than Is
now available on the territoriality and movement patterns of the constituent
species. This, however, is not within the scope of the present dIscussion.
The uf'Ility of the community concept to the disc.usslon here Is that, because
of the complexity of nerltic reef food webs, an adequate explanation of the
feeding relationShipS of these fish populationS iS prObrrbly best apprOached
from the perspective of an interacting fish community  V Inogradov '1971!.

Narltlc reef food webs are good examples of extremely complex trophlc i ~ Ier-
actlons. Trophlc 'Interactions bat~can naritic reef flshe- can be concrp-
tually organized Into successive degrees of Interac!ion depending on resow
direct the Interaction is. fhe only direct, or first deqree trophic lrrrr r-
actlons are predator/prey relationships in which food enerqy is actuallv
tranaferred frOm one organism tO another. In this camplex fOod web euCh pred-
ator/prey Interaction represents an Indirect, or lower degree, Interaction at
laaSt tO SOme extent with every Other Organism In the cornmunily, Tlrib
trophlc complexity obviously leads ro very difficult conceptual and methorlo-
Iaglcal problems for those who seek to understand these corrnrunlties,

These dl f I lcutt les are further compounded when the dyrramics of tronhlc iirror-
~ ct lons are cors i dered, Neri tie reef food «ebs are probably based ma i rely on
~ xogenous organ ic materfal--that which has i ls origin elsewhere. Planktonic
organisms   I.e. ctenophores, f ish larvae, and invertebrate lar vae! aird rvnl I
pelagic fishes   I.e. herr lng  CZupea haz'enguaj and smelt fThafese!rt!rrfa
pad j frauen ! probab I y const I tuf e lhe major I ty of f hi s exogenous orgarr lc pr e-
ductionn, The fluctuation of the quart I ty and qua I ity of this energy sour' e
Is partly responsible for the dynamic nature of ner Itic reef food web.. In
this sense, the dynam1cs of these food webs are determined by factors ext rln-
Sic to the corrnrunfty. There are also factors Intrinsic to the corrrmunliy
which part I y determine Its dynamic trophlc srruc ter e, one af I he eros  ev i <!crit
being that food habits of f I shes chanqe as they grow aider.

This dynamic trophlc structure has direct relevance fo discussions of rtxr-
munlty Stability. SyStemS are Stable, that iS, they perSiSt thrOugh rrieir
capacity to change. This concept ot system stability clearly encompasses
other meanings of stability such as environmental predictability and system
response to external perturbations. Because community stability uitimalely
determines the productlvfty of a nnrltlc reef community, those persons
responsible for manag1ng this resource should orient their Inrerests toward
understanding what regulates the stability of these communities.

Trophlc structure and composition of these cornmun1ties change on several
scales of time and space and therefore notions of system stability must be
placed In some context of time and space. What regulates corrwrunlty stability
on an evolutionary time scale cannot possibly be perceived on dally, seasonal,
ar annual time scales. Similarly, stability reguiaf lon of these shorter
time scales cannot possibly be perceived In an evolutionary perspective,

Several mechanisms have been proposed to be individually responsible for trre
stability of a community, Some authors consider trophlc-web complexity
Increase conrmunlty stqbl I fty  MacArthur 1955; Elton 1958!, whi le other cr rr-
slder trophlc complexity to reduce or have little effect on community stability
 Turnbull and Chant 196I; DebaCh 1964; Paine 1969; !lay 1971; Steele 197'!.
Others have suggested that parameters such as time-lag  Wangersky and Cu»nirig-
ham 1957!, threshold ferdlng responses  Holilnq 1965; Steeie 1974!, Iiie
history pattern  Murphy 1968 !, and spatial heterogeneity <S imberloff and
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Wl I san 19691 are the maJor determinants of community stabl I lty. W'Ithln this
framework it becomes very confusing to discuss what Is responsible for the
stab i I i ty of ner it 1 c reef commun lt les.

An Approach to Conceptualizing Nerltic Reef Fish Cafmnunltles

Nlany problems 'In concepfualizlng nerltlc reef fish communities exist because
successive degrees of trophic interactions operate simultaneously and vary
temporally and spatially. Data collected on the food habits of nerltlc reef
fishes can lead 'inductively only ta very partial generalizations concerning
their spatially and temporally variant relationships. Indeed, even lf data
could be collected which represent' all passible states of every component
of this complex system, the conceptual problems In Interpretation would be
almost Impossible to deal with. However, a fundamenta'I challenge far science
Is to explain the pt>enomena of complex systems In ail of their dynamic states.
Albert Einstein �940! suggested that what ls necessary ta explain such dfver
phenomena is a "logically un'Iform system of thought" ln which individual
phenomena must be correlated with theoretic structure. The explanation and
functional significance of natural phenomena can probably best be understood
In the context of a generally applicable theory. This nation is supported
by Carl Hempel �966!, a contemporary phllosophet af science, who wrota:

.'If science were ta limit llself to the study of observable
phenomena, lt would hardly be able to formulate any precise and
qeneral explanatory laws at all, whereas quantitatively precise
and comprehensive explanatory laws can be formulated in terms
of under lying princlp'les,

lz,
One general iy app I i cable theory, formula'led by Booty and Warren  n.d. ! ta 'P.
explain the dynamics of resource ufi I ization In biological sysiems, represent>
a pass I bi e approach ta undersf and ing these comp I ex communities. Their theory
af resource utl I! zat lan employs complex eats of non-iineaf iso.lines proJectef -'
on successive phase planes as a time-invarianl, general explanal lon of the
cont lnuous f lux af interdependent var lab! es. Iliere I s gr~ nt ut I I I ty of such
a theoretical framework In which to consider systems such as neritlc reef
fish communities. This theoretical framework eliminates conceptual difficult-
iess such as deciding whet'her a population Is regulated by density-dependent
or density-independent processes, or deciding wi>ether community stability Is
achieved by mechanisms i ~ frinslc or extrinsic ta the species Involved. In a
very general way, it subsumes the temporally and spatially variant phenomena
which characterize neritic reel fish systems.

We are naw in the process of collecting data an these spatially and temp-
orally variant faad relationships anmng fishes inhabliinq neriii reefs
adjacent to Depae Bay, Otegan. Aria lysis of these data stvzuld provide a
I» el iminary base for understanding the product ivi ly and resource uti I ization
wilhi» ifieSe COmmunltle. by helpinq un See whaf fnnd zeSaurceS arn being
utilized by which fishes, We are aisa callectinq otoliths, sc.dies, lengdhs,

I I

and weights which can be used ta back calculale relative growth rates uf
fish species which, within the context ol a t lsh community, can lead lo
emp'Ir ical general lzatlons concerning interactions between these popula-
tions, A mare adequate explanation of the productivity and resource
utllfzatfan within these ccnysunltles wl!1 came fram accurate determina-
tions of stock densiltiles, thel  fluctuations' and how these fluctuations
are correlated with environment parameters, It wiii probably be many
Years before we can obtain such Information, but thIs will be a necessary
task If we are to successfully manage this resource. The utility af
Booty and Warren's Isociine theory Is that, within fhis framework, Ihe;e
relationships will become much more visual and usable to us.

Dne of tha most important attrilbutes of such a theoretical approach is
that ilt should, for Its domain, help us see the fundamental problems
mast demanding exp'lanatlon and lt should suggest the most promising
approaches to their explanation. Thus, within a framework such as that
provided by Booty and Warren's Isacllne theory, we can adequately assess
what questions are worth answarilng w'Ith regard to nerltlc reef fish
cazanun Iti as. It is clearly seen w I thin this framework that spatial
and tempora I var let Ion of t'roph lc rel at lonsh I ps among these fish pape I a-
tlons is essential In our understanding of how these systems might
respond ta external parameters such as upwetilng, fishfng pressure, and
marine pollution.

finally, It is dangerous to believe that we can ever perceive a sysfem
precisely as It fs and so we must remain open to new and creative
thought and appraaches to science, Einstein �940! being th th t'-

Ia t hec an tha e was, admitted that, at best, theoretical knowledge was

and doubt".
"hYpothetlcai, never ccmpl etc ly f lnal, and always subJect tu ec o ques on
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A STUDV OF FISH FOOD HABITS AS RELATED
TO THE BIOI OGICAL ENRICHMENT OF AN AREA

Since 1966, the VANTUNA Research Group of Occidental College has been
examining the f I sh fauna of King Harbor, Redondo Beach, Ca I I forn I a. In
1974, Southern Cal I fornia Edison Company began sponsor Ing this research
as a part of their research and development program In thermal effe Is.
Eiiison discharges warm eff luent from their steam electrical generating
plant Into the outer portion of tlils harbor,

Utl I iz ing quent f tat ive diver I sobathl c transects run month l y at prescr ibi
stations and depths within and adjacent to the harbor and at comparative
sites an the Pal as Verdes Peninsula, Cata I ina Island, and 'In Santa Mon lr
Bay, we have demonstrated that both numbers of fish as well as numbers
af species are significantly higher at King Harbor than at the adjacent
hab Itats studied  Figs. I and 2, Table

Since 1974, we have attempted to analyze factors that could contribute
to thfs observed blolaglcal enrichment, A number of factors would appoai
to represent probable sources of enrichment; therma! discharge; upwelifr
from the adjacent submarine canyon; the artlflc'lal reef qualftles of the
harbor breakwater and Its protection of Inshore waters, and possibly
enriched food resources. The f Irst two factors, which result In con-
siderable thermal diversity, have been demonstrated to affect fish comm-
unity diversity  Terry and Stephens 1976!. Comparative studies In
adjacent harbors  Los Angeles, Santa Monica, Newport, etc.! Indicate thai
the artificial reef quality of a breakwater does enhance fish numbers
and that protected waters  Step'hens et al. 1974! do support large popula-
tions, especially of juvenile and subadu it fish. However, as none of
the above comparative localities support populations of comparable s!ze
or diversity to that of Kfng Harbor, either thermal or food resource
enhancement or a combination of these factors appear fo be Important !ti
sustaining the observed Ichthyolog Iral enrichment.

Wfth thils In mind, In 1975 we began a study of food hab I is of King Hnrhni
f shes 'In order to resolve the role food resources might play in the
Ichthyofaunal enrichment observed at the study habitat, Prel iminary



Literature Cited

20 21

studies had been conducted by C. ferry  unpubl.! ut I I lz'Ing surfperch
populations within the harbor. Her emphasis was placed on the function
of food special fzat ion In resource dfv I sion. This emphasis is maintained
in our current dos fgn but has been supplemented by addi tfona1 approaches
wh lch are more spec I f Ical I y directed towards the total enrichment piet ure.
Resource separation certainly can enhance diversity and perhaps allows
mare effective resource utllizatlon, therefore the maintenance of more
dense fish populations. Observations of resource separation llrrough
stomach content analysis and fish feeding observations alone, however,
cannot' satisfactorily resolve these possible effects though they may
demonstrate conclusively that resource separation exists.

In 1975, we began a mul tifareterl approach to food resource problems in
KIng Harbor bbsed an Catlry Terry's original work with the Emb lotocldae.
The first phase involved expansion of her gut content studies to al I
col lectabl e ici~thyofaunal elements ~ in order to place her original
observations within the total framework of the "harbor commun ltyn,

Specimens were col I ected for stcmach content anal ys Is with gl I I nets,
spears, and traps, lish feeding habits were analyzed by rllver observation
and underwater cfnephotogr-aptry. Approximately 30 of 45 common resident
specfes are included within these analyses. At present we have developed
a preliminary classification of King Harbor fishes using four basic
categories: eplfaunal grazers, pesclvares, planktlvores, and herbivores
 Table 2!. We are now subjecting these data to discriminate analysis
utl'llzing Occidental's IBM 376 computer.

Dietary preference data will also be run against Edison's data collected
on invertebrate distributions within the harbor. In add� fon, our
divers are seasonaliy sampling the epifauna to give us a qualitative
Index of changes In invertebrate canlrrunlty structure. Previously
determined fish distributional data � depth, temperature, habitat,
season, etc. � can be correlated with toad resource distributions; a
high concordance of these data would appear to reflect an interdependence
of d I st r I b ut I on s.

Periodicity of feeding activity has been rnvestlgated by both diurnal
and nocturnal diving surveys. 'Levels of eplfaunal grazlrrg, the dominant
feeding fn King Harbor, are being investigated by fish exclusfon experi-
ments. The effects of fish exclusion cages on unmodffied eplfaunal
growth as well as eplfaunal establishment  succession! are being examined
at several depths and localities with the harbor. Our ffsh cage experi-
ments are supplemented by regular diver observations and detained stomach
examinations of species observed as Important grazers ln the area of
the cages.

Analysis of the caloric content of major epl faunal dietary elements began
In 1975. These bomb calorimetric studies wl I I continue seasonal ly and
as adequate quantities of food Items are collected.

Levels of food intake, assimilation, food conversion, and growth are being

examined by a variety of means. Basic growth char acterl st lcs for each
important specIes are being estimated by atol 1th examlnaf ion. Olol i the

fecundilty are examined on a I I specimens col 1 ected for storrrach conl enf
analysis. Juven1 les of sel ected groups of eco log lca I I y important spec I es
are being maintained ln our laboratories and w I I I be used during the next
year ' s food convers ion stud I cs. T'hese s iud i os w I I I be carr fed out a I
three temperatures representing the thermal variation wl thin the harbor.
Estimates of food util lzatfon  using prepared standardized foods! wil I
be developed. During Year I of thils study' Ehrlich restricted his
efforts to grunion and top srrrelt because of ease of rafsing these fish
from egg ta adult. He was able to show a strong correlat1on between
preferred temperatures and assimilation efficiency  Ehrlirh, pers. rorrm.!.
Estimates of food conversion can then ult1rnately be correlated wllrr
feeding observations  I.e. bites/minute!, grazing observations  epifaunal
growth with and without grazers!, fish growth, esilmaies of biomass of
harbor fish populations, and estimates af reproductive energy drain and
fish recruitment.

The afm of this study Is nat wanly to del ermfne the role that food re-
sources In King Harbor might p I ay In the ichthyofaunal enrichment ol fhe
area, but to u I t ilmatel y develop an i chthyocurnmun I ty resource model a I onq
the lines developed by Parrish �975! which wi I I define the role, if
any, that thermal effluent plays iln this system.

I err I sh J D 1975 Mar lne Troph! c Interact fons by Dynami c S imui at ian
of Ffsh Species. Fish Bull., 73: 695-715.

Stephens, J.S., Jr,, C.B. Terry, S. Subber, and J. Aiierr. 1974,
Abundance, Dilstrlbution, Seasonality, and Productivity of the
Fish Populations in Los Angeles Harbor. 1972.-73. Allen llancock
Foundation and Sea Grant PublicatIon. 42 pp.

Terry, C.B. and J.S. Stephens, Jt. 1976. A Study of the Orientalion of
Selected Emblotocid I ishes to Depth and Shifting Seasonal
Vertical Temperature Gradients. Bull. Sa. Calif, Acad. Sci.,
ln press.
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Figure I . Average number of f I sh observed per transect
at King Harbor and Palos Verdes.

Figure 2. Number of fish species observed per
transect at King Harbor and Palos Verdes.
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I. Number of species ann mean abundance at KIng Harbor compared
to Palos Verdes and Catalina Island

King Harbor

Palos Verdes

Catalina Island

King Harbor 834.4 206116 245.0 28497.6 72 198

Palos Verdes 308.5 71001.4 108.9 9384.9 6 21

Catalina Island 572.4 43059.7 157.2 4898.6 22 100



Table 2. Trophfc categories of fish
dietary analysis data>

trom KIng Harbor  using pret imlnary

Seconder Carnivores, etc.

Pianktonotro hs Grazers   enerai! PredatorsHerbivores

HermosiZZa
Cirella  A!
ffedialuna  A!
Hypeoblennius
gilberti

Hngraulie
Chrvrmi s
Seriphus
Sebaetee
mystinus   J !

Sebastes
serranoidee  J!

Neocli»us
stephensae JS

Hypeoblenniue
jenkinei JS

Cymatogaeter  J!
Atherinops
af finis+ Q

Rathbunella sp.

Gary B. Smith
lfat I one I Mar f ne F r sher f es Service
Northwest Fisheries Center
Seattle, WAPr lmar Cern fvores

Clinocot tus
anal.ie" JS

Hypsoblenniue
Hi Zberti " J S

Cibbonsia
elegane" JS

Bhacochi l us
uacca"

Identification of feeding Roles
and Activity Patterns

Grazers  genera I !
continu<rd;facultative

JS =- Stephens  unpubl. data!
Quest

T = Turner
Bemgnmrmoe
deca<jr, rrerrus T

25"4

Bhacochi lus
toeotee

Phanerodon
furoatus

Hypsurue
cary i.

Bmbi otoca
jacksoni

ff r c rome true
ml »xmus

Byperprosopon
arfferrteum

Cau lolatilus
pri nceps

Gi bbonsi a
metzi

Ci bbonsi a
el cgans"

Ctinocostue
analis"

Scorpaen1.chthye
marmoratus"

Cory phopterus
nicholsii

A»isotremue
dauidsoni

Crzy l sirius
p r.etc

Clrei lot rema
eaf;urnum

f<fenticirr hus
undulatue

Citharichthya
stig acus

Atherinops
af j'i»i e

Hypeypops
rsrbicn<»da Q

Ba l i c ho cree
s<mir.in<.tus O

Oz y J'u f i s
cali for» ica

Pime l oms to pon
pul< hrum Q

Paralabraz
clathratue"

Paralabrax
nebulifer Q, T

Para la br<st
macu la Lo fasci atua"

Sar da
chi- l i enei e

Sebastee
paucispinie

Heterostichue
rostratus"

Scorp<renichthys
marmotatuew JS

Scorpaeruz
yuttata T, JS

Paralicthys
ocZifornicr<s Q

Sebastes
auriculatue Q

Sebasfes
car»atua Q

Sebastee
serranoides  A!, T

SAMPLING CONSIDERATIONS IN THE ANALYSIS
OF FOOD WEB RELATIONSHIPS

One of the f lrst steps In any samp I 'Ing survey fs a cfear statement of
objectives. In anafyses of food or feeding ref el.lonshlps ~ It is important
that the sampf Ing desfgn and data to be collected be selected based
upon their relevance to the study's overall goals. Three common inter-
related objectives fn feeding studies are:

  I I To Identify predator feeding roles and activity
patterns;

�! To determine predator food composition and feedfng
rates; and

�! To evaluate characferlstlcs of prey selection, with
comparIsons between predafors.

These objectives can perhaps best be approached by a combination of
behavioral and morphologIcal observatfons, laboratory determinations, and
analytical studfes of results,

The advantage of classifying predators Into general feeding roles
 " nocturnal planktfvore", "d Iurnal epifaunal picker", etc,! is that the
functional descriptions may have wide applicabii Ity throughout each
predator's zoogeographlc range, even though prey composition may vary.
As a result, the Identification of general patterns of feedfng behavior
provides a basis for evaluating the functional structure of corn<<unities
 Allen, 1974, IgT5!.

A star tIng point for any study of feeding behavior Is s crit Ica I exam ina-
tion of the predator morphologies. In many cases, the approximate feed-
ing behavior of fish predators and types of prey they feed upon can be
inferred by examination of predator body size and shape, orlentatfon and



size of the eyes, and the structure and size of teeth, jaws, and gill
ra kers   De Groot, 1969; Yazdan I, 1969; Gosl Ine, 1971; Ebe ling and
Callllet, 1974, Hobson, 1974!.

13ehavloral observat lans in fhe f I aid and laboratory can also provide kcy
Information for the claSSI f icat Jon af feeding roles: how is food obtained,
and what are the act'Jvlty cycles of predators and prey7 Is the predator an
act I ve searcher, or does it sit and wait? Are prey se J ected v lsua I ly,
or by tactile perception? Is feeding off- or on-bottom?

If sampl ing Is to be con!Iucted examlninq food composl t ion and/or feeding
rates, then an Important behavioral observaf I on ls the determination of
predatar act'Ivlty paf turns. does  aadlnq fni low a dial cyc le, or Is It
continuous'7 Numerous <Icid obser vatlons have documented str i king dl f f-
e-ences In the feeding behavior ot shallow-water fishes betw.en aay and
night, dur Ing tw I I ight hours, a!id between morning and a 1 1 am<x n  Keast
and Wei sh, J 968; l absan, 1965, 1924; H<!bson and Chess, 1976!. Clearly,
the f Jmlnq of sampl ing for food analysis needs to be related to the timing
o' p! edator feeding period., fur ai least two reasons:   I ! If feeding
I s marked ly pnr ladle, then load compos 1f Ion is mos f accur ale I y determined
by sampl ing just fol lowing the end of the feeding period, be o!'e
digestion  Windeli, 1968!; and �! for evaluation af estimates of feeding
and digestion rates.

Determinations af I ood Con!pas Jt lan
and Feeding Rates

1. Iieting of Food Items; Vhct is eaten?

In the simplest analysis, feed'Jng relationships can be described as the
I 1st af p! ey species faund within predator stomachs examined. A measure
of the f idel lty of each connection Is fhe food Item's frequency  cr
proportion�> of occurrence within stomach samples.

If meaningful results are to be obta Jned, caretul attent ion must be
given to survey des ign  Cochran, 1963! . A spec I f lc targef population
must be Identified, and related to variaf ions of predator and prey In
both time and space. >he distr ibut'lon of sampling, and sampling effort
 =number and s Jze of samp I es!, must be related ta averal I research
obJect Ives. Randomization should be Incorporated so that each Individual
fish In the target population  and samples! has an equal change of
selection. As opposed to the collection of large single samples, the
use of smal er Interpenetrating subsampfes enables assessment of variance
within sampling periods.

Since the qual itatlve composition of food ingested Is frequently related
to predator size  Ty er, 1971, 1972; Daan, 1973; Jones, 1975!, It Is
often desirable to subdivide the sampled predator population on the basis
af size class  ntervais. The size of the sample taken fram each Interval
should then be proportional to the number of Individuals within each s'Ize-

Interval

The me0hod of sampl Inq must be evaluated as a potential sour~a of blas.
5peclmens coiiected In towed net samplers  plankton nets or trawls!
may feed an unusual prey with the net, or have unusual items lorced int!!
their guts  Judklns and FIeminger, 1972!. Sampling method and dlffr ran-

effects of sampling depth must also be considered In assess lnq the
occurrences of empty stomachs.

The selection of sample silze far determinatlans of proparfions of prey
occurrences can be based upon a reiatlon of sampling theory and survey
objectives for preclslon of estimates  Cochran, 1963!. The frequency of
occurrences/non-occurrences of a prey species within stomach samples
would be expected fo fallow a binomial probablJIty distribution, As a
result, confidence !Imits for samp!e proportions can be readily deter-
mined graphically  >ate and Clelland, 1959!.

2 Relotive Food Composition ' Principal prey

many, i f not most', studies of feeding result In a descript lon af each
predator 's relative food composition as an approach fo identifying
principe I prey. In subsequent anal ysas of the dlv I sion and use of Iaod
resources, comparisons af food composl t'lon are often made between
predators  Dragovich and Pottoff, 1972; Tyler, 1972; Jones, 1975!.
Descriptions of relative compasiltion  expressed as percent contribution,
or average weight of 'Individual food categories per stomach> should be
recognized as d'Istlnctly different from estimates of feeding rates.

The choice of the units of measure  numbers, volu!nes, wet weights, airy
weights, elemental weights, or energy equivalents! must be based upon
a relation of research objectives and cost. It Is Important fo recagn ize
fhat d if  er ent I ypes of measurements may g I vs marked I y d If ferent results
 Holden and Raitt,  974!.

BIases In the dei'ermlnation of relative food composli lon inr Jude:
 I ! read I! y digested prey may be underestimated; �! problems in tiie
enumerat ion and measurement of f ragmental and amorphous materi a I s
 mucus, detritus, chItin, bivalve siphons, etc.!; and �! the potential
Influences of discontinuous feeding patterns must be considered.

B. Feeding R!ztee! Bo a much ie eaten?

Although the Imp l led objectives of most feeding studies are to determine
feed Jng rates  energy or materia I f lux t-l, or prey mortal ity I. ! and
the relative contributions af Individual foad sources to these rate
few studies of mar lne fishes have convincingly estimated natural rates oi
food Ingest I on or predat ion  Lasker, 1978; Treva I I ion FTAL., 1970;
Dean, 1973!.

food consumpt lan rates can be esf imated by three principal approaches;
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< I ! direct measurement» of prey abundance before and after predator
addition/exclusion <lab or field!; �! measuremcnts of digestion rates
by laboratory feeding followed by sequential assay  Iab!, uptake of
radioactive isotope-labelled prey  lab!, or following thc digestion ot
stomach contents of strongly dlel-feeding predators  field!; and �!
by determination of the predator's energy or material budgets <W'indell,
1968; Davis and Warren, 1968; Southwood ~ 1975!.

A number of Importaiit factors and potent i a I sources of bIas must be
considered. An attempt must be made to quent ltat fve! y asses otcurrences
of empty stomachs, and to evaluate the percentages represent Ing stomach
eversion, food regurgitation, or true lack of contents  Daan, 1973;
Pearcy and Ambler, 1974!. Temperature can be expec!ed to strongly
influence feeding and digestion, with changes in rates of approximate'iy
7-11 $ per I oC change  Wleser, 1968!,

Evaluation of Characteristics
of Prey Selection

The terms "specialist" and "generalist" have frequently been used to
compare the feeding characteristics of different predators. With ln-
surveys, these descr I pt lans have meaningful applications  with def In lt ion!
for comparing the number of prey species, d lstrlbutlon of amounts of
each prey, and range ln prey sfzes observed among different foragers.

Meaningful use of the terms "select ivlty" or "food preferences" must be
assessed in the context of relative prey availabllitles. Relative
prey availabliltles may, or may not, be related to prey abundances. If
comparisons are to be made of food resource use and division between
predators, stomach analyses should be restricted to individuals co-
occurrlng within samples  Jones, 1975!.
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INTERACTIONS BETWEEN JUVENILE SALMON ANO BENTHIC INVERTEBRATES
IN THE SKAG'IT SALT MARSH

James L. Congleton and James E. Smith
Washington Cooperative Fishery Research Unit, Callege of F'Isherles
University of Washington, Seattle, WA

Objectives, Sampling Oeslgn, and Prellmilnary Results

Thi ast spring and surrmrer we conducted preliminary sampling of fish ands pas
berrthlc invertebrates 'In the salt-mudflat system of the lawer Skaglt iverR
In Puget Sound, Washington. During the spring and summer months, the nu-
merous small tidal streams that dissect the surface of the delta In this
area supported very high populations of starry Flounders  Ptfzt chtye
etc[ lrztrre!, staghorn scuiplns  Mptcccttue azwrratue! ~ three-sp'Ine stlckle-
baCkS  GrZeteZVreterre acrrlerrtrre!, and the juvenileS af Chum  Orrcanhyrrehue
keta!w chinook �. tehrmrytecha!, and pink �. gcrbrrechWz! salmon. The pur-
pose of our sampling was two-fotd. First, we wanted to obtain a general
p c ure olcture of utl I ization of the delta area by fish and to assess the impact
o ef their predatlan an populations of the benthic Invertebrates which ccm-
prlse a large proportion of theilr diet, Second, the study allowed us ot
evaluate various approaches to sampling which may be useful for future
research. In this preliminary work we have concentrated our efforts on
juvenile chum and chfnook salmon.

After experimenting with traps and with a 25-m beach seine, we found that a
7-m wide by 2-m deep beach seine with I/8-Inch mesh was both effective and
practical. It was light enough to carry on foot, and suitably sized far
sampling 5-to 10-m «Ide ttdai streams.

Most af our sampling was done in Index Slough, near the South Fork of the
Skaglt River. We established 6 stations at 80-m intervals along its length
and made 10-m hauls during low tide periods. The effective spread of the
7-m seine was about 5 meters. Fish were Ident'Ifled and counted ln the
field. Selected samples were subsampled; the subsamples were preserved and
returned to the lab for diet analysts and length-frequency measurements.

Large numbers of chum and chinook were present In the tidal streams in late
A rll and early May. There was a sharp decline ln early May  Figure Ii;pr'
the peak outrnlgrat ion may have preceded our Inltla'I sampl lng.

Our pret lminary diet anat ys'Is of chum salmon Indicated active feeding in the
tidal streams. The values for percent ful iness of stomachs, shown in Table I
are general ly quite high, although the f ish at station 5 had nat fed as
much as those at the other 2 stations. Since station 5 had the highest  ish
density, tt ls tempting at thlS t'Ime ta speculate that this dtfference may
reflect Intraspeciflc competition.



Most of the dist Items fefl into
three categories:

1. Corop&um eafmovt'e, a tube dwel-
ling amphlop abundant ln the
de I ta.

100

50

2. Harpactfcafd copepods, which were
Important numer icall y In the
stomachs, but accounted for less
than 5$ of the total dry weight
of the diet� .10

3. Adults, larvae, and pupae of
insects.

Apr,30 Nay 11 N~ay 7 ~y 31

Figure I. Esf lmated densilty of
juvenl I e chum and chinook salmon
In index Slough, Spring, f976
Fish per IOOm2

maintaining tidal stream invertebrate

Planned future work

STAT ION
S.D. RANGE

10 3.88

10 5.18 I . 96 2.46 � 7.71

0.18 - 5.0410 2.04 I .62

"Ph,D. Thesis research of J .E. Smith
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Our sprilng sampling has led to many
specific questions about the effects
fish predation may have on the in-
vertebrate populations. For example:
What fs the Intensity of predatlan
and what Is Its effect on the abun-
dance and sfze distribution of prey
organisms, both in Fidel streams and
on the adjacent marsh7 Can the In-
vertebrates In tidal streams support
this predation pressure through re-
production alone, or does Irrrnfgra-
tion from the flats play a role In

populations'.

To answer these questions, basic Iffe history ilnformation f' required for
the prey species concerned. We are obtaining this data from two sources:
ffrst, studies on the carrwrunity structure of salt marsh benthic Invertebrates;"
second, benthic sampling conducted concurrently with our fish sampling.
Table I, Fcregut contents  dry weight as percent dry body weight! of chum

salmon col lected from 3 Index Slough Stations on Apr1 I 30, 1976

At severe s sampI fi h ling stations we have established 4 transects alonq
each of wh c we are a nghl h t king 5 benthic cores at mont ly to bimonthly interva Is.

mablTwo of these transects are located wfthln the stream ln ares of prssuma y
high predation pressure, and the other 2 are pieced on the adjacent marsh,
h redatlon pressure fs assumed to be relatively low. Fish sampling in

tidal streams will continue to be by seining at low tide, with ad d tlonal
trawling or co ec ingI I tin by other methods on the adjacent marsh and mudf fats

. m . A dla ram-t hl h tide to quantify predatfan pressure outside the streams. A d agram-a g
metic representation of our sampl ilng scheme Is shown in igurF e 2.

pjgure 2. Typical 1ndex Slouch section abowtng
aefne core sample and travel traneeera

S Ifn wlif be conducted throughout the next year to monitor fish popula-
tl nd to gather data on Invertebrate populations before, ' g,
amp ng w

durin and
after the strong spring pulse In predator abundance. Even ua y w p

ons an
v ntu II we ho e to

refine this approach to estimate the carrying capacity of the salt marsh
for juvenile salmon.

Application of Information to Fisheries Management Problems

Mast of the streams and rivers entering Puget Sound have--or once had--salt
r h Of reater Or leSSer eXtent In the tldevater Zone. All Of theSemars ss o g

re of the 5 s acies ofstreams and rivers also support runs of one or more o p
Pacific salmon, Fishery bfologlsts have sometimes noted large numbers of
juvenile salmon in sa'lt marsh streams  R. Orre'll, 1976, persona I cornrrunfca-
tl ! b t vldence for utllfzatlon of marsh food resources by salmon hast on u sv e

1976!been lac ng. ur nkl . 0 I Itlal samplfng on the Skagit River delta  spring,
r f edln In theindicated that large numbers of chum and chinook fry were fee ng n e

marsh. We do not yet know how long the fish reside In the marsh, or what
portion of o a c um an ct t I h d hinook outmlgratlon is Involved. However, the
high density of fry observed fn tidal streams fn late April rang nq rom
200 to over 800 fry per IOO m at some stations! and the higher percentage

f fr with full stomachs suggest that the Skaglt salt marsh may be an Im-
portant foraging area for downstream mlgrants, More e a edetailed Information
on the feedln of salmon fry fn salt marshes wlii be valuable to agencies
with responsibility for management of salmon resource, for several rea~ons,
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First, if survival of outmiqrants is enhanced by the presence of salt marshhabitat, this provides a strong argument for preservation of marshlands. Inthe absence of hard evidence weighing In favor of marsh preservation, alarge portion of Puget Sound's marshlands have already been dredged, fii ed,or otherwise altered. Reclamation af the Skaglt de ta far farmland began lnthe 1800's; today less than twuniy percent of the origina  marshes remain.The Green and Puyallup River marshes have been obliterated by industrie development, and much of the Snohomish RIver salt marsh has been altered by
land fills and log raft storage. Because of continuing piassure for devel-opment of remaining delta areas, documentation of the ecological importance
of salt marshes is essential.

The second major point I. that understanding ot Interactions be ween Juve-n1 I e salmon and their prey in the sal t marsh, and beyond in the main estuary,would iacilitate devetopment of optimal rearing-and-release strategies for
artificially propagated salmon, For example, the timing of releases of
hatchery fish shoutd be such that adequate natural food ls available when
they enter the estuary, At present we know very little about seasonalchanges i n the abundance of estuarine prey organ I sms, In < ontr sst, Japanese
chum salmon culturists are reported to carefully moniltor the abundance ofzooplankton iln nearshore waters and to release fry only when conditions arejudged favorable for their survival. It Is not possible to speclflcaf yIdent ify the benefits derived from th s procedure, but certa nly the Japanesechum salmon program has been an outstanding success, and high fry-to-aduft
survival rates have been achieved.

0nvelopment of opilmal release strategies for hatchery fish will also re-
quiree knowledge of the carrying capacity of salt marshes and of the littoral
zone in the estuary, «here Puget Sound chum and pink salmon fry concentratetheir feeding activity  Fe ler and Kaczynskl, 1975!. Foad availability insalt marshes and in the littoral zone may constrain the number of fry thatshould be released In any river system or part of the Sound. Although pro-ductionn of «ild chum and pink salmon In the Puget Sound region fs presentlymuch below historfca  peak levels, artificial propagation of chum salmon mayilncrease rapidly from the present level of about 20 million fry per year to
over 500 million fry per year within the next decade. The f lsquaily River
system alone ls believed to have enough available spring water to Incubate600 to 700 million chum eggs. Mare realistically, ff the number of chum fry
utilizing the f isqualiy delta Is Increased by 150 to 200 million, how will
populations of preferred prey organisms, such as Comphium ealmcnie, be
affected? And If the growth and survive I of fry ls progressively reduced
due to increased lntraspeclfic competition for food, at «hat point will ad-
dlflonal investment In hatchery facilities cease to be cast-effective?
These are important questions, since a "crash" enhancement program could
easily overshoot the optimal production level. The return af adults from arelease of chum salmon fry Is not known for 4 years, and even a strong down-«art trend In fry-to-adult survival would not be conclusive without 4 ar 5
years of data. Hence, a rapid expansion of hatchery fac!Iitles could
cont i nue without contravention for 9 to 10 years after the opt Imal productionlevel has been exceeded.

A tabulat o n of al I the pu s~abl I I d I iterature would undoubtedly demon;trate
t d saimanid fis'hes has de~it «i isa ' ' Ithat over 95 of the research comp e e on sa
I . Y t mortalfty rates during thethe freshwater p hase of the I I fe cyc le. e, mo

of the life cycle are believed to be ex-rlne or "early caasta!" phase o e e y
Ro al Iu i?I

estuar ne
I hl h and very var a e romI bl from year to year IParker, 1968; oyatreme y g

Ifflcultles, much more effort must be put n oBesp Iie the technical d cu e
t th t determine the estuar'Ine survial o jf 'uvenileIdentifying the factars a e erm

salmon.

ski 197'5. Si ze select lwe predation by juvuni IeFei ier, R,J, and V.W. Kaczynski .. ' e .ni le
chum cafmon 10nccrh nchua Petal on epibenthic prey n uge
J. Fish. Res. Bd. Canada 32: 1419-1429.

mar alit SChedules Of pink Salmon Of the BellaParker, R.R. 1968. Mat Ine mor a i y sc
Coola River, Central British Columbia. J. s . es.
25: 757-794.

S vlv I In the estuaries, a most critical phase,Royal, L.A. 1962. urv va n
Western Fisheries, September 1962. pp. 16- I



Juvenl le salmon In estuaries. He cited the case of the Columbia River
where freshwater predators end 20 ml les upstream of the mouth and sa I I-
water predators don't usually enter the estuary. If predators are the
cause of the mortal itfes, might they be yearl lng f fs'h feeding on the
downstream migrants? Or perhaps might the mortal lties be related ta
ava I lab f I fty of food?

PLIRPOSE ANO SAMPLING DESIGN

A d Iscussfon ensued r egardilng the mouth
flatfish. Ths . e Engl ish sole and starr f lou

ng e mouth size versus feeding habits of
of small-mouth ff h, y flounder were cited as examples
mouth f Ish. 0

s , and sand sole annd sanddabs as examples of large-
s . ne could reasanabi ex ect thy p e large-ma h sh o fe d

crustaceans, which fs the obser d
rop c analyst ought to consilder the function I

the fish related to the food Item It e unc Ional morphofogy of
e oo erne It Is capable of consuming.

Greg Gal I I let mentIoned that the f ish res ldln 'In
d It I I di E 11 h

Klrby Park, and as they get lar er the
ng ng s sole. The sma I I er f I sh I I vs ve ar up ln

the fIshery In and around th d
a su -adult size, they are on their wa and bey an ecoma part of

perhaps a few of the s dd b
oun e edge af the can on. Sty . arry flounders and

spaciles use lt oni e san abs et alder ln the area, whl I e the other
on y In the JuVenfle StageS Of life.

Talvo Laavastu suggested that we ou ht to th
European llterat g o orough ly examine the older

supplement our kno I
ure a see what other scfentlsts have dane--both ta

valuable researcih d li
our now edge and to make certain th at we are not wasting

an example he clt d
o ars by re eat lnp g some long-forgotten work, As

e c e work done In the earl 190
as Evaluation of the S ar y 0 s by Petter.son, pub l i shed

volumes, but said he h d t I
e ea I, Ii, and lf I. Steve Obeve rebskl acknowledged the

analysis of interact l
e a not found In them useful

ng communities.
t I Informat ion regarding

Obrebskf cited the work of Gab Ma < ublishep o

current predlctln d I
ar ng s abl I ity anaf sfs. Hy . ow vai fd are some of the

with complex systems? E.
c ng ev ces of cammunlt structurey re when erie Is dealing

rnaders successfuli . Dl
ach complexlt increy ' ases the difficulty af using

u!timafe goal of
u y. ck S reilner a r eeq d and further questioned the

oa o science--Is It ta come fram prediction or
i ? The conclusion seemed to be th I edl

dl

Joseph Durkln ~ondered what might be Ie caus ng obser ved mor t a I I ries of

M'Ike Healey of Nanaimo asked If anyone had ever actually observed coho
feed'Ing on pink and chum fry. Sl Simenstad replied that he had never
seen them in coho stomachs although he had observed them In the stomachs
af ieptrrcottrrs, He suggested that one ought to consider other predators
fn the system. Healey completed his question by stating that perhaps
the general acceptance of coho preying on pink and chum fry Is a mother-
hood myth In most cases.

Terrence Gjernes added that he had observed sockeye fry In coho stomachs
in the eraser River system.

Laevastu addressed the group and asked If anyone was simultaneously
studying bird predation on salmon fry. Are there observations of salmon
fry ln bird stomachs? Jim Smith replied that this was probably true as
well as predation on salmon fry by river otter. Few data are available,
but he ls Interested In looking at that aspect of salmon predation
rrere closely.

ce to an earl 1er quest irn, J 'Im Cangle on
dldn't have as much data on biological interactions at high tide because
of sampling problems. The group was ln agreement that such samplers as
beach selnes and Eckman grabs do not work as well on a high tide.
Callliet mentioned the use of a pop-up net as described In Ecofogy. This
required the setting up of permanent stations. Congleton said they were
aware of this but had come across problems of fish not swlrmnlng over the
net. The pop-up net fs a design whereby the net rema'Ins col'lapsed until
use. When the I ines are pulled, the net "pops up" and purses the captured
fish.

Gab feller posed the Idea that fish using the nearshore estuarine environ-
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Durkln continued the discussion of availability af food as a limiting
factor by suggesting that perhaps the yaung chinook and chum were over-
utlilzing what ls available, He thought that perhaps the fish fed on
Cezxrpfrirrm sa]rrkrrris <the documented preferred food 'Item of young salmon
on the West Coast as they feed ln estuaries! when they r.ome aut of thr.ir
tubes to molt. Jfm Sm'Ith repiled that the fIsh seem to ga after the
large males of C, safrrroeis, which are much more active on the surfer e anrI
m'Igrate around. The feeding fish seem to take full advantage of t'his
behav/or. Ourkin wondered If there was any evidence of fish going In
the mud after them. Smith answered that lt was hard to say since the
amphlpods move ar-ound quite a bit and change their tubes often, Generaiiy,
ft was felt that the young salmon feed on C. srzlrrxrrris when they are aut
of their tubes on the surface for any reason.



ment as feed ing grounds might be the basis for r
wondered If an studies e as s or preserving these areas. Hee any s udles existed where such nearshore habftats did not
exist but where pink and chum fry exist, feedln erh
He aisa wondered lf feeding in a nears o e en ro en was actus fy part

e r e hlstor1es or merely an adaptat lan to a articular
ment. Conglefon thought that fiI o a par cu ar envlron-

withiln a particular ecos stem. lier ba sh were able to ada t to the rp e resources
ys sm. er ert Jaenlcke asked haw lang chum fry

Bristol Ba wher
w rema n In these shallow, estuarine areas. He th It .d th

y here socksye smolt move several hundred mlles siawl In cold
sunrners but faster fn warm summers. Thiss speed of rnlgratfa» seemed to
fi
ave qu e an effect on total marine mor tel lt . H I
'sh in Congl eton s study rema ln fn the Ska It ary. ow ong did the ouny 9

the effect of short-t e ag area and what would be
e ec o s ort-tsrm starvation should food resources nat exfstf

Cong!eton agreed that he also would like to know!

Howard Horton mentioned that a graduate student from Ore on StatUniversity--Range B ers--did ' ' a
o the great blue heron in th

y -- 4 Master s project an the feeding habit
e Yaqufna Bay Estuary. I-le ar compiished

a s

i s by checking the food Items that hod been dropped f rorrr the h
nests. This was one method to estlmat e rorrr e eron

Bob MI I I er posed the uestion af ho o es mate diet with nan-destructive samplfn
af q ' ow to determine the car.ryfng ca acit ng.
a a stream, Conglston stressed that the ta k p y
could be done. One wa e as would be tremendous but

e one. ne way might be to estimate fish denslt dail fo
ration, evacuation rates and th en compare to the r y, a y ood
brates used as food In the p oducf Ion of Inverte-

In prey abundance relative t
oo n e area. Another mi ht be to mog onltor the changes

re a ve o changes in predator abundance.

Heal ey responded ta an ear I ler question about r'esldence tlrne of aun
sa I»ran in estuar ies, In 1975 In th H
 n e anaimo RIver Estuary chum frearly rani stayed about 2 weeks, but most fls
n e smaller early run sdaysd about a week on the mudflats and

the mudffats were nr
e later run fish stayed no time at alla on the mudflars. Even those on
e mu a s were nrov fng progressively seaward. Our I ng th Is t Ime chum

percent of o y weight a d y o
f diee ng on or off the mudflats. It n s
off th

e difference ln growth rate was observed between fl h
was felt that most of the chum feeda e mudflat areas while the chinook fr do use 1'

The chum seem ta hav r y o use ihu mudf I at-marsh area.
seem a ave a wider rarige of habftats. Heals felt t

with water are the most tt Lfa rac ve to young fish.
ea ey e hat sloughs

Gjernes presented an idea f ar samplilng coho � the minnow trap with I/4-
and Ja
inch mesh and salmon roe ba1 1, Th Is refreshed the memories of Horton
an aenicke wha recalled a stud where the r
roe as bait with some y er e e researcher ussrf b I ended salmonai w some success, Bruce Hillaby <:ommented that he had usedmilnnaw traps and found that they didn 't work well far churn
far an ar an c noa . Iiis group even builit a Iar-ge minnow tra

an area where beach seinfnq was lnrpasslble, On P
to work very wel I for chum wa s e, ne sampler they foundy we ar chum was a manual purse selnr. operated by three
send t
people. The seine was 50 feet lang and 13 f t dn ee eap. He offered tohe dimensions to anyone who was interested.

Callllet mentioned that he had used a slmflar net to study assemblages
of fish associated with draft kelp In Monterey Bay, California. They
encircled the drift kelp wfth a small Boston whafer and pursed the bottom
up

Slmenstad returned to an earl I sr thought about food being a I lmitirrg
factor ln early life histories of fish. He emphasized that rates and
rations have really not been studied at all. Same literature on rates
an<i rations fs available, but he dfdn't feel that it was worth much and
In some cases was based an Insufficient data. He had some Ideas how ta
determine dally rat'fons but presented the question ta the group for
suggestions. Gary Smith agreed that most food studies have, unfortirnatefy,
stopped short of consumption rate studiles. Feller wandered how many
publilshed accounts of 24-hour diet studies were available,

Healey suggested 1'hat a fair amount of I Iterature existed on diet and
feeding, perhaps same of It European. He cited the chum workshop  held
samet'Ime prior to this workshop! as a good forum for Information exrhnnqe.
He had observed dfet changes over a tidal cycle w 1th chum feeding on
large Calorrua pfurnChnnna ln the early ma~ning, then eating harpaCtICOid
copepods midday and C. p!rnnchrnne agaifn In the evening. He acknowledged
that someone else mIght nat get the same results, The observations could
have been the result of the fish's or food's position during the tide, etc.
Obrebskl mentioned that someone from the Pacific Marine Station in DIIlon
Beach had stud led food habits of fish In Tamales Bay, He had found that
the oxygen levels In eelgrass beds dropped at night to 2 ppm and forced
certain crustaceans out af the area. Caprelilds, for example, swim away
ln droves. This could have quite an effect on where the fish feed.

Ca 1 1 I 1st cl ted that more rat lon studies have been done in f resh water
than In the marine environment. Al Ebelfng, for example, has done some
consumptIon studies. These are difficult to do because one might not
catch the same fish over a 24-hour period. Hat much Is known about
digestion rates, which for some species of predator and/ar prey might
exceed 24 hours. Bivalves were cited as a passible example. Laboratory
studies can be performed, but one should remember that the fish mighi
behave abnormally under artificial conditions. However, they are better
than nothing, Laevastu stated that It is simple logic that quantitative
estimates are not possible without good numbers. He continued along
another line that If food fs a lilmlting factor In the sea, then starvatlon
plays a major role ln health of fish stocks. Sex products may not develop
at all with a starvat'lon diet, ar may be resorbed for added a~argy. We
need much better numbers of feeding rates, food requirements, and behavior
In absence of food.

Hea icy said that there Is a wide I fterature on food rates and gastric
clearance rates ave I I able. Perhaps the reason some researchers think I t
doesn't exfst Is because they have not checked carefully enough. Much
of the literature ls European, as mentioned before, For example, tire
Aberdeen Marine Statfon fn Scotland has produced several papers on the
feedfng ecology af plaice,
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Ca I I I let supported this by saying that there ls ai so a considerable group
of I I terature coming from the f lsh larvae culture section at National
Marine Fisheries Service In LaJol la, Cal lfornla  Reuben I.asker and John
Hunter!. ffe especial I y cited papers on Engrautf'e mordaz, Most of the
work Is laboratory work.

Congleton mentioned that very few researchers have tried io combine field
and laboratory studiles. One mfght, for example, get estimates of
evacuation rates In the laboratory and apply them to consumption rates
derived from actual field observations. Slmenstad agreed thai simultaneous
studies of a community should be Initiated. Prey corrnrunlty composition
Is a very important thing to know.

Laevastu suranarfzed by saying that study needs had been aired but we
ought to order them by priority. He then suggested that might be one
of the goalS of the filsh foods habits studies workshop.

One of the Ilmltfng factor s of any study, of course, fs funding. Re-
searchers should carefully consider the benefit/cost ratios of any
proposal and use research time and dollars wisely.



AN EVALUATION DF !3ENTHIC INVERTEBRAI E SAMPLING DEV ICES FOR
INVESTIGATING FEEDING HABITS OF FISH

Jack Q. Word
Southern California Coastal Water Project
El Segundo CA

Benthic invertebrate samplers and the information gained from their use can
be extremely valuable to research conducted on feeding habits of fish. These
samplers provide complete and undamaged specimens which can be accurately
identified, and the data produced can be used to formulate detailed pictures
of the community of organisms present In and on the surface of the sediment.
This evidence of exist'Ing community structure coupled with Inventories of
the stomach contents of particular fish species can be used to determine
select lv'Ity In patterns of feeding for the fish species in question. How-
ever, many of the benthic samplers in use today do not function In the same
manner, and as a result, unequally represeni both the types of specIes and
number of Individuals captured. Therefore, data are somewhat b1aserI by ihe
type of sampling device employed and caution must be used ln attempting
direct' comparisons between organilsms foun4 In the stomach contents of fish
and those depicted by corrmrunity members In benthic grab samples. The pur-
pose of this paper Is to review the results of a field comparison of benthic
samplers and to discuss the inherent attributes and problems associated with
several types of commonly used sampling devices as they relate ta research
on fish feeding habits.

Our study focused on three major types of benthic sampierss: benthic greb
samplers  eg. Van Veen, Smith-Mclntyre, Ponar, Slrlpek, and Orange Peel!,
deeper penetrating sampling devices <eg. box core and anchor dredges! ~ and
shallow penetrating samplers Ieg. epibenthic sleds and shell dredges, Flq.i a-g!
These broad types of sampling devices function differently and emphasize
different portions af the benthas. Therefore, same knowledge of both hori-
zontal and vert'Ical distribution patterns of organisms was required and was
included In our field survey and discussion. Differences characterizing
benthic grab devices are discussed next. Because these devices do not func-
tionn in the same manner, we wll'I briefly compare 6 frequently used benthic
samplers based upon a set of criteria, and then designate which grab sampler
we believe to be the most effilcient and effective. Finally, a comparison
of the broad categories of benthic samplers Is presented, along with a raliarr-
al e for choosing which benthic sampler should be used In the investigation nf
feeding habits of fish.



Types of samplers Types of samplers  cont.!

Figure le. ghlPek

Figure Ia. Orange Peel
Figure If- Smith-hkclntyre

Figure lb ~ Bar frlpeed Van Veen

I i qure I d. Pnnar

FIgure Ig. Box Corer
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Methods

On the basis of these collections, certain crit'erie ware formulat d d
for selectfn thng e most effective grab sampler, The more efficient devices

ormu a e and used

are characterized by the fal lawing features:

Consistent sampling of the same sirrface area

Consistent sampling below the depth where the majority of
species and spec1rnens occur

Minimum surface disturbance caused by pressure waves
Ml»imum disturbance due to leakage

3.

4.

Horizontal Distribution Patterns

Horizontal distrfbutiorr patterns of marin b thl ' tne en c inver. ebrates have been
studied at many stations in a variety of manners  Greene, 1975; Smilth and
method of
Greene, 1976! Boesch, 19731 Cassle and Michael 1968 Fa r 19
me o o describing the biota at a benthic station Is to colin t . Ii
sam les at a conf s o co nc refrlicate

p on ined area until the asymptotic point of species acqulsltlan
indicate the nu
has been reached. It has also been suggested that this oint b

e he number of repficates required to adequately describe a benthic
station  Jones, 1961!. Howfr"waver, the numbers of species pre< ant at a station

stati ' ons ex s
I s not the only important biological parameter. The specfes pre t t

on indicates that the two tof lowing conditions exist: I ! th
sen a a

can toter t ons ex s : e species
era e the present environment, and 2! successful recrrrltment had

occurred. This Informe . is nformatlorr does not indicate what organisms are most like'ly
ta bo encountered In tire area in large enough numbers or fn sufficient
quantities to be an available food source. Therefore d lit'
an p ace of Iriformat ion required fs an estimate of trro poprrlat ion size of

thw species preseni. Consequently we perfarmc..ri ddltl I- ona a»a yses on there n lve pr>pulation level . of the varfou- species collected nt 'I station,
i»» h! i I ion tn the anal ysf; of fire species aequi sf I inn curve
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Cur field t
 Word et al.

s udy was conducted dur ing 2 crufses In th I t. f 1974e w n er o and 1975e a . 976!. Biological descriptions af an area of bott di
p n upon the numbers and kfnds of organisms present in benthic

o o om are rect-

takln '!0 r
samples. Focused on; 'I! Horizontal distribution patterns Investi t d bP gae y
Santa

g epl lcate 0.1 sq m samples at a shallow �2.0 ! d t ti
a Monica Bay, Ca I I farnia; and 2! Vert icail distribution patterns; deter-

rnf ned through the analysis of benthic core sampfes �. 4 I di tcm n arne er taken

Tab I e I! . Six
s a ons, each represent lag a di f ferent sed 1 ment t  f I 2ype gure and

e . x core samples from each station were sectioned at de th
tervals ai 2, 5 10 200, and 30 cm, and the organisms present In each of the
sub-samples were identified and enumerated. The dat th
cles and indlvlduais fr e a a on e number of spe-

of re I i
an in v ua s from each sample were combined ta determine th b
p 'cate samples and the depth of penetration re uired to obt e num ers

accountln for over 90 qu re o o a n species
g percent of the Individuals at each station. Addltlon-

al analyses were made to predict semi-quantitatively the combined ff t
pressure waves, leaka e and y ecom ne e ec sof

 Word et al. 1976!.
ea age, and surface disturbance on the organisms sampled
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tfe found that the asymptotic
point of the species acquisi-
tion curve had been reached
after 10 replicate samples had
been taken at the shallow, sandy
station. This indicated that
IO replicate samples were not
adequate for capturing all those
species that could occur at this
station  Figure 3 a!. However.
an additional anal ys'Is performed
on these salne sample~ showed
that those new species added by
each add It iona I replicate did
npt OCCOunt far a large prOpor-
tlon of the lttdiv'Iduals. For
example, the average of
second samples contained addi-
tional species account Ing for
only 10 percent' of the
'Indlv'Iduals  Figure 3 b>,

Fven sophisticated analytical
techniques  eg. Smith and
Greene, 19761, In which species
or stations are clustered to-
gether based upon their rela-
tive simliaritiles in distr Ibu-
tion are most sensitive to
those species that accourtt for
90 to 95 percent of the total
nutober of individuals sampled.
Since the second sample yields
species which account for t t
percent of the fauna, it would
appear that for most purposes,
a single sample or at most two.
will capture the majority of
the fauna occurring at this
type of station. It should be
emphasIzed that different con-
clusions regarding the number
of repllcates needed can be
derived from the type of
analysis conducted, but it is
our opinIon that useful descrip-
t ve information fs obtained with
sIngle 0.1 sq m benthic samples
for at lease soltne substrate types

Vertical Distribution Patterns

! 3
St/cc6 551'! = 6: P L I 4 7 tc 9
Ot SAI,IPLI IS

3 4 5 6 7 6 9 IO

~ 6 6 3 9 9 10
7IBPLICATES

Species acquisition  a! and pere
numerical acquisition  bt cu/vet
successive replication nf sampll

48

1he 3 stations sampled to study the vertical stratification of organisms
depttts with In the sed I ment varied In sediment types and In sump I I ng dent tt,
 from 12. t to 260 mi. In general, we found that althouqh organisms burrowed
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Physical Functioning al Grab Samplers
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more deep I y within the f incr sediments, about 9O percent of th
individuals were rpresent in the upper IO cm of sed lment at el I st t In o e species and
sampled <Figure 4 >, a a s a ons

Certain mechanicai attributes of grab samplers affect th I�ec e <- ability to cap-
durin

'g sms, Some of these are: pressure waves t d b
g its descent, leakage of sodiment a d I I fcrea e y he sam ler

n an ma s nom oiieningS In the
P

device, and disturbance of the sample ance it ls
 Haime, Mc Intyre 19 fl ! . p e ance s contained within the sampler

�uantification of the effects of the
fi It, o ese mechanical variables ls extremel dif-icu , We used information on Ihe reiatilve y
and the l r os i I i I e 0 ve density or ma . af organ I smse r posi ion vertically within the sediments Io establi h
index for measurin the rela o es a is a useful

g e re ative efie<H s of these mechanical samplin attri-butes on the organisms captured, nga r�

Two major groups af animals mlcrocrus tacea and mal luscs, are present ln the
vari
upper 2 cm of sediment and are more suscept lbl f f f te o e ec s af mechanical
are less den

iables than deeper burrowing anima I s  Ward 1976 I.ar , . The mlcrocrustaceae ess dense and as a group are more susceptible to losses resultln from
the h
pressure waves, leakage from the sampler d dl ter, an s urbance ol the sa<nple than
corn aris

e caviar, more dense molluscs. As a result of thsu o ese characterIstics, acompar son of the abundnaces of these two grou s of oups o organ sms wi I I reflecte corn ine e acts of the mechanical variables mentioned above,
Therefore we det
col l ected by the different sam I in

ermined the relative number of mlcrocrustus acea an mo usesd IIe y e ferent sampling devices at each station, and compared
ese results with our uailtativ ive estimates of leakage, pressure wave

e ect, and sample disturbance based on direct field observations. Althva ons. though
que an may e subject to various Interpreta-

e resu s did support Ihe expected trends reflected In the quallta-
those samplers  Shl ek
tive physicai sampling estimates <Table 21, This Information sh d thon s owe at
mated to have the rpe , bar-tripped Van Veen, and Orange Peel! th t ti-

greatest combined amounts of surface disturbance, leaka ea we es

and pressure waves also yielded samples with the I ww e owest ml c<-ocrustacea-to-
usc ra o. In contrast, samples taken with the Ponar box c r h I

rigged Van Veen, and Smith-M ox corer, c a n-
ratios and little chan

n, an m � c lntyre, had higher microcrustacea-to-mol lus
ge as a result of the physical functlonin of th

usc
sampler  Word, et al. i976!. nngo e

Having considered the natural distribution of organisms ln the sediment and
the relative effects of certain mechanical parameters on organisms captured,
we can se!ect criteria far choosing the most effective sampler. The sampler
should: <Table 3!.

Percent of total benthic infauna species and
individual s captured wIth Increasing depth of
penetra I ion 'Inta sediments. Oata from box
corer samples,



3. Produce a negligible pressure wave

4. Have a minimum amount of leakage
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Table 2. Com arisop ison of grab sampler s based on ratio-
catch fo mollusc catch and
of the an est imates of fhu arnot

The
biy e inechail ical fun i ey nct ilonlnn lie de I

he highest. The estimai s have al

preceding the slash th
g i e or no effects fram t i

is he ratio rank th
m liese factor:. Th be num er

slash is the mechanic I fn cd unci lonlng rank.
an, e number fnl low in fl'Ig le

Table 3. Crit erie for a grab sam I d
cofmponly used off S th

p er an ratin
ou em California.

gs of seven samp I i!rs

I. Consistent ly sample the same surface area
2. Consistently sample deeply enough in the sediments to collect

at least 90'5 of the organisms

We have found that 2 devices, the Shipek and the Orange Peel, samples a
variable SurfaCe area. The area Sarhpled by these 2 deviceS varied a much
as 62'5 from that specified by their manufaciurcr  Table 3!. Varialions of
this magnitude were considered unacceptable. In addition to the variaiion
af the salopled surface area, the Shipek was iiot found to penefraie deeply
enoutjh In certain sediments. The Ponar did not vary slgnificaily in area
Sampled, it did nOt hOWeVel Sample deeply e/IOugli Withi n theSe Sndimntit ta
capture the optimum number of species arid individuals.

TwO different typeS Of Van Veen SamplerS were used during our tests; t!nc
was triggered by a chain-rigged mechariism; the second was triqqered by a
bar-tripped device. The chain-rigqed Van Veen, ln addiiltin to havlnq a dIf-
ferent tripping mechanism, also had screeris on the upper urfa/e o  tiie
sampler . These screens served to decrease the pressure wave In front
the sampler during its descent, The bar-tripped Van Veen wa found lo have
6 large amount of leakage due to Inadequate fitting of Its parts; it had no
screened upper surface so that Is pressure wave was greater than that ob-
served with the chain-rigged Van Veen, For these reasons, in add It Ion to
the fact that the bar-tripping mechanisrp is less safe to use, the bar-
tripped Van Veen was considered unacceptable.

EIilhinatlng theSe 4 deviCeS  the Shipek, Oranqe Peel, Ponar, anti har-Iripped
Van Veen! leaves 2 samplers for consIderalion, The chain-riqgcd Vari Veen
and the Smith-Mclntyre samplers were both found to give excellent penetra-
tion within the sediments, the surface area sampled did not vary, they had
minimal leakage, and their upper surfaces were screened fo decrease pres-
sure waves during descent, In addition, there was also a high degree of
success in tak'Ing samples with both devices. Comparison of the respective
mlc/ccrustacea-fo-mollusc ratios showed tliat the chain-rigged Van Veen was
Sliqhtly more effeCtive at capturing surface -dwelling rhlcrOCrustacea than
needed for Smith-Mcintyre. In addition, the chain-rigged Van Veen was
simpler device to use, requiring I 'less operator than needed for the Smith-
Mclniyre, and also had a higher degree of success in taking samples at some
of the deeper stations, Therefore, we selected the chain-rigged Van veen
as the most effective benthic grab sampler.

Comparison of Major Categories of Beiithic Samplers

As described In previous sections, the dl I fereril sampi ing devices obtained
di Iferent f elative abundances of organisms based upon their pencil ation
within the sediment and also upon the surface area sampled.
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Comparisons of ihe 3 major categories of berithlc samplers  benthic grab de-
vices, deeper penetratilng birrrowers or box coring devices, und the shallow
penetrating epibenthic sleds! will be discussed in this section,

Benthic grab samplers,  eg. the chain-rigged Van Veen! efficiently sample
the infaunal organisms to a depth of approximately 10 cm in most sediment
types. These samplers are the generalist, that Is they can capture the ma-
jorfty of different animals livilng on and in the sediments but they cannot
be used to selectively sample the deeper dwelling organisms or those that
live on the uppermost surface of the sediment,

To obtain Information on oiganisms living deeper in the sediment a different
type of sampling tool should be used such as the anchor di edge oi- the box
corer. The box corer is driven deeply within the sediment as a result of
its weigh  and inomentum on being lowered to the bottom. These samplers are
very effective at capturing organisms to depths of about 40 cm. The anchor
dredge samplers are drfven deep y w!thin the sediment as a result of the
force of the vessel pulling against a lever which forces the dredgiz Into the
bottom, also to depths of about 40 cm. However, both of these samplers are
typIcalty smal  In sampled surface area and as a result tend to miss some ot
the more mobile and sparsely distributed invertebrates.

The epibenthic sleds collect material from a minimal depth  about I cm! of
penetration over a wide area of sampling, and therefore are integrative
samplers. These devfces wlii collect more surface dwelling animals and those
mobile Invertebrates such as the mlcrocrustacea that ere able to escape the
mote commonly used benthic samplers because they are towed over larger areas
and are more lilkely to encounter and capture these animals.

In the final analysis, we have to consider what we want to learn from our
samp!Ing. After looking at the stomach contents of the fisii species of
interest, we can get an idea of the typos of species, the sIze categories of
the food, and whether it Is stationary infauna, or a inovable epifauna. If a
comprehensive investlgution of numerous fish Is required, thon a more gener-
alized approach is necessary, and the use of a Van Veen sampler is advisable.
If, on the other hand, the Investigation centers around species of fish that
feed primarily on epi fauna or that feed on deep burrow I ng forms of i nverte-
brates, then an eplbenthic sled or deep-buirowlng sampler might be preferable.
ln this paper we have presented information on benthic sampling devices, the
organisms they collect, and how these samplers can be used to assist 'Invest-
igations Into the feeding tiabits of filsh. It Is hoped that further research
and collaboi ation between fishery and invertebrate b Ologfsts will broaden
our understanding of the use of these fools in investigating faunal
re ationshlps in the marine environment.
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ELO METHODS FOR SAMPLING DEMERSAL FfSH
POPULATIONS ANO OBSERVING THEIR BEHAVIOR

James Alien

EI Segundo astal Water Research project"outhern Cal lforn
eg undo,

While populations of shallow wafer or anlsmsog nb o e ybyequ pment, deepwater demersal ang nerally be sam I d bmp e y remote methods. A numb rrsa I and bef>thic or Dani sms must
be used to obtain I t tl um er of sampllnq methods can
organisms. The ab' tn erma on on the o uiatlp p ons and behavior of demersai
tivity of these methods nd t d be a jec Ive of this paper Is to descr ibe thcr e e relative sel ec-
proprlate for obt I s an o escrlbe the t eb ypes of methads that are ap-
Informatian o th a n ng different t es of o

n on ese organisms. yp population and behavioral

Methods For sampl lng the lar ger or an isms I ivlorgan > sms > v ng near thu boi tom fa I I Into
methods result in the ar ani sm

egor es--capture methods and obsetetvatlanal fnethods. Capture
whereas observational methods allow the or anism. u n he organism being brought to the surface le' cad or alive,

ur e n ts natural environment.

Capture methods used by the Co,>stal Water Resoar h
w u.o a rm- ft-> headrope and have a 1.25 cm-�.5 In> cad-endn; ese trawl s are qenera1 I y tawed at 4.6 kmv'hr �. 5 kn> a

fo samp le demersa I soft-bottms e a . 1976!. We have used 2 h>ook-and-line methods
IDD-hook set Inc across th b itso - o> ~ f I shes  Al I en et al. '1975!; ! I We laild a
range of the trawl th t I hcross he bait»m to catch the s e

p cies w thir> the vertical
fish located b a m g t avoid the net and �! we fished schools of
rod and reeil to coll ty sonar in the general vlcinit ofy o the trow  stations witho co ec species that either dwell Inthe vertical range f th n the water column above
be frequently missed by the trawl,o e trawl or are hlghl clum edy mpe and therefo> e might

We have also usedus a number of observational metf>o>!s Incle o I 9 osve s an remote observat irns from free-and television ca .. 0' ree-vehilc e cine camerascanreras. Divers have hot
out ail I es in p ographed marine organisms aroundp pes in Santa l ion i ca Ray to 100 m us in SCL! >A e !water and two-man »bme.rsibies q .i, equ prncnt in she I lown » me.rsibles in deep water  Allen ei al. 1976!, We have

used a baited freo-vehicle automatic cine camera <Shutts 1973! to observe
marIne organisms attracted to balt at depths to 350 m on the Pa os Verdes
Shelf  SCCWRP 1973!; this battery powered camera Is !eft an the bottom for
24 hours where It photographs water around the balt for 15 seconds ol Inlor-
vals of 30 minutes or I hour. In addltlon we have used television to si>rvey
demersal organfsms and to observe tho behavior of thn>se organisms willh
respect to the otter trawl  Allen 1975>.

We have conducted quantitatIve surveys of demersal organisms In Santa Ilonica
Bay uslnq 4 methods  otter trawl, rod-and-reel, set-iino, and phofograph;
taken by divers; Allen 1975!. Ih lrty-one species of fishes were ohser> ~ I in
photographs of the discharge pipes in Saf>ta Monica Bay <Table 1> Rod nnd
reel sampling on soft-bottoms yie'Ided 15 species, and setline sa>nplin>7 yield-
ed ll species. A total of 23 species were taken by both hank-and-line rnefh-
ods, with only 4 species In commof> between the 2 methods; spiny dogfish
 Squc Zue cu'.eftfthiaa!, sableflsh  AnopZapo»fa fimbria!, white croaker  Geuyu>k.�
mue Zineatua!, and Pacific sanddab  Cit!>ariehthya aovdidua!. In conifasl,
87 species have taken In Santa Monica Bay by otter trawl surveys conducied
by the Coastal Water Project. Photographic and hook-and-line methods yield-
ed only 2 species that' were not taken by otter tra~l In this area: Pacific
hagfish  Eptat> etue etouti!, taken by setllne, and an unidentified ronquil
 >fat>>Z>u>MZZa ap.! observed In the photographs. Both species have been
taken by otter trawl elsewhere. More species were taken per station by

otter traw I < 10, 4t 0, 4! than by rod and ree I   3. 6 - 0, 5! and set I ne
+ I

�.3 � 0.7! methods, although time spent on the station var led considerably
 otter trawl, 10 minutes; rod-and-reel, 4 hours; and setllne, I hour!,

Setiines were most etfectlve at sampling wide-rangif>g species that forage
on the bottom; the set inc did not sample rockflsh populations. Rad-and-
reel fishing into schools located by sonar was effective at catchlnq spec ies
such as rockfi shes that range higher off the bat lorn and are generally cia>np-
ed. Otter trawls were most effective at sampling smal'I bottom fishes such
as flatfish' sculplns, and small r ockf Ishes.

Although we caught a proportionate! y greater number of large f I shes with
the hook-and-I lne methods than with the atter trawl, hook-and-1 ine catches
usually fell within the size ranges sampled by otter trawl. The hook-and-
Ilne catches showed that more large bottom-feeding fish  mostly sp'Iny dog-
tlsh! occurred ln shallow water than was indicated by olier trawling.

Photographic sampling was effective at showing the species  particularly
invertebrates that cannot be taken by hook-and-line! found on hard substrale
areas  such as outfall pipes! that cannot be trawled, This method was also
very useful fn showing where the organisms are living--information of this
sort is almost always lost by capture sampling techniques. The disadvant-
aqeS of photographic Samplinq Incl>fde the dlfflcul y ln making aCCurale
identifications of organisms observed and In getting .Ize estilmates on sr>me
species.
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Video tapes of otter trawl s In act ion suggested that many of the fishes and
er fish s ecles  such as theinvertebIates encountered escape the nets. Larger is p

Pac c ange sI f I I hark Squatina californica! have been observed to swim iiito
the net, become entangled and later swim out before the nel .. re r i vi I .

I c les often swim up and over the net. Sisal ler bal !om spLLies
w irn, I i hl I of f l lie such as speckled sanddabs, Cithorichthys stigmaeus! swim el ig i y o ie

bottom In front of the net, trying ta outswim It, fur bots  Pleuroniohth!fs
sp.!, which are often buri e, jumpp., ' ft b ' ed jump Ver t ICal I y I rOm the bot lnm when I Illi IIL

onl to f el I with'In It. Sea pens and tube-dwel I ing polychaeles,approaches, on y o a wi n t well sam led.which have a certain d gree of attachment to the botlom, are no we amp

Sampling me ho s ort d t dl f f .rent behavioral and ecoiaqical iii format ion

Different sampling me io s y eII d leld di f ferelit types of behav lor a I and ecialogic al
Information nc u ng eI I d I th presence of large predators in  lie area arid the
die I activity patterns, foraging behavior, and food prefererice o i r reri
species.

redators--large fishes that prey upon small species normally caught inLarge pre ors-- a
small otter trawls are not frequently captured In these . pe trawls. In arl,
this is due to their ability to outswim the net at the speeds tawed, as men-

d b e. In addition, however, this Is alsa due to the low densities
r II re u1re aof their populations. Large bottom-foraging species genera y q

larger foraginq space o 0 t bl'ain enough large food liems! than da smaller
ofd th ur in low densities. Information on the presence ospecies and us occur in ow

these species In an area ran be obtained by attract ng em o a ai
p resenue o aige arI I P Ific sleeper sharks  Somniosus pacificus! In deep «alar

t k own until liiey were phataqraphed by Lailn southern California was no nown un
free-vehicle cameras  lsaacs and Srhwarzlase 1975!. We have found hiqher
densities of spiny og is qua us ad fish  S uaLus acnzithias!, swell shark  CephaLoscyLLium

d areas
verltriosumi, an sa e i si d b I f i sh  AziopLoporlva fimbria! in I requent I y t raw le areas
than was indicate y ed' f d b th trawl s. Set-!ines also indicated higher ensi
of splay dogf I sh on the shel f t!lan was indicated by trawling.

f!ieL activity--d! fferences In dial act ivt ty amo gmon f I shes in the f ie Id lieve
been observed by divers using SCUBA equipment in shallow water  Starck and

1965 1968, 1974!I but dlel activity differences among
dee ~ster species have been less frequently observed. Ba e ren-vn iireep wa e
cameras 'left on the bottom for 24 hours g

h r! have shown diel differences in several species  SCCWPPhour or hour ave s
19�!. At a 23-m station senorita  OoryJ'uLis caLifornica!, y 9
 C ho terus v ichoLsi! and blue rockf I sh  Ssbastes mystinus! were act ive

ur In the da «hi le treef I sh  Sebastss sezriceps!, copperer rackfish
 S ba tss cnurilfus! and swell shar k  Cephaloscy LLium Verctrioaum! werc ac I Ivee s Bs

I ht. Television cameras dropped to fhe bottom gat nl ht have shown
only at n g . eraf f I sh  HydroLagus col Liei! actively foraging and in p'individual ink seaperch
 ZaLBIIIbius r osaceus! resting on the bottom. Trawls tawed on !he same sta-

In the da and at night have shown few majoI catch differencetlons during the ay an a nig I r iminate bet ween spec ies tiia I ai epresumably because the trawl does not d scr mina e e w
tive or inactive  generally seeking refuge on or 'q yor Sl i htl burled in Ihe

ac ive or nac
bottom!. Major differences Include increased ab n . ~ pu dances of s otted I.ii k-lei

58 59



 Cfri arrr tcrytori!, ratf i sh  !iyjrorayus c'ofliei!, and nor ihern lampf ish  Steno-rac!rius leuoopsarrrs! at night. Cask-eels general ly burrow lrria the sedimentdrrrilng the day and are Ihus unavailable lo trawl", whereas the other speciesprobably move Into the trawl areas from cio per water at nlgirl.
Forarging befrauior~-absorvot lorra I orrci hook-arrd-I I no teclrni qrros irave shown d I f-
fisherences In foraging behavior arrroncg demersol fish . 5 I I . I 'k,
i sh, sab ief ish, treef i oh, copper r'ockf i sir, and Pac I f ic sleeper shark havebeen observed cr rr Is Ing above the bottom searching for food Items on the bot-tom in bolted camera f i ims, whi le Ca! i for nia scarp ionf ish  Soo i r t t t !

rFaena rfu a aave oen observed to ambush prey fr om I he bottom and shor tbel I y rocrcf I sh Sebastes jorrfcuri! tn actively pursue small nektonic organisms In the wafercolumn, I argo sebi ef I sh w I I I b i le Into a I sr go, dead bait f I s h and sp lntheir bodies unt I I a char k of flesh ls lorn off I I saacs and Schwarz lose 19751while Pacific hagfiSh  Sptatretrus stouti! wiii slide a knot d rwn their bod-ies, farcing s!Ime onto the bait and thus protecting the fOOd Item  rom Com-
pe Itors such as sableflsh. Video tapes have shown spotted cusk-eels cr uis-
ng slowly above the bottom, dragging tlreir barbel s along the bat fr>rrr. Thetwo haok-and-I I ne mel irods deimanstrated a d I f ference in foraging behavior

among the species taken; setl lne catches were dominated by wide-ranging bottom
rock f I c
foragers whi le rod-and-reel catches were domilnated by water-colum f I

umn crag ngroc fishes such as bocacc lo  Sebaetee paueiepirrie! and verml I ion ror-kf1sh Sebaetee rrrirriatue!.

Food prefererraee--by using dilfferen l types of balt, some ilndlcalion of foodpreferences can be determined. Whale Dover sole  A!icroatomue P ui f' ! d
as ai ln the balled comers study was consumed In one-fIflh the tline that
on th rstripotal I rockfish  Sebaetee aazieotar! was consumed. Pres bl Ir Iu . resuma ly I lie spines
which hon e rockf lsh make the species less desirable to r d I Ih Doe pre a ors on Dover sol e,wh ch has no sharp sp ines. Sp I ny dogf I sh, sab I ef I sh, and Pac I f I c hagf I sh weree only species observed eating the balt. Capture methods, of course, gen-eral ly provide the best food habit information because the stomach contents
of the fishes taken can be e><amlned.

Conclusions

Of the 3 general methods Iotter trawl, haok-and-line, and observational tech-nlquesl, otter trawls are probably the best method of sampling small bottomfishes on soft-bottom areas--the trawls yield the greatest number of speciesand numbers of individuals from whilch additional measurements and analysescan bo made, Smalf atter trawls probably do not efficiently sample large,fast-swirtrning species or species that burrow In the sediment. i.arge ~pausesfound aver soft-bottoms are often more effectively taken by hook-and-linetechniques. Of these, setlines more effectively sample larg 'd-e, wi e-rang nga om eeders, which may escape the net; fishing by rod and reel In schoolslocated by sonar is a more effective way to catch the highly clumped rock-
is es that may be missed by chance In a trawl. Photographic and hook-end-Iine methods are both effective at samplilng rocky bottom areas.

Sampl inq methods such as otter tr jwl or hook-and-I ine f Ishlng al law accurateirlentific:ation of specimens and measurement of size, ercomlnat Iorr ror diseases,
and analysis of stomach contents, although they give iiittle information as to

f th g ni sms ln the l r natura I envl ronmen
samp ng g velin gives more infarmatlon on the behavior of the species ln their nat-
ural env ronmen , u eI t b t Identifications can be less accurate, and fewer meusur-

h thon would Ir'ldable data are gathered. A combination of sampling metirods then wuu r y
the most behavioral and ecological Information on deepwalar demur' al fi
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SAMPLING INTERTIDAL SALT MARSH MACROUENIFIOS
Contribution No. 80'from the Southern Callfornii Co t I W

n a as a atel- Research Project.

James E, Smith
Washington Cooperative fishery I<esearch Unit, College of Fisheries
University of Washington, Seattle, WA

My thesis work Is the analysis of the convnunity ecology of the benthic- in-
vertebrates of the salt marsh-mud let system at the mouth of the Ska lit River

In Puoet Sound, Washington. The river delta Forms Skagit Day, a 25-Ir rx-
panse of sand and mudfiats ringed with salt marshes. Most of the perimrtor
of the bay Is diked. Numerous smail tidal streams cut deeply through the
emergent marsh, spreading out and beccmlng shallow on the unvegetated flats.
During the spring and summer, the tide streams contain large numbers of prrd-
atory fish, particularly starry flounders  PLntto>rthya ateLLotua!, slnghorn
sculpins  Leptocattue arrrrrztue!, threespine sticklebacks  grzstemsteus
aouLeatus!, and the juveniles of chum  Oncorhyrrchus kata!, chinook  r!.
tshasybeo>rzz!, and pink �. gorfrrraofra! salmon, As part of my study, I arr
attempting to determine the Impact of juvenile salmonid predation on the
populations of the benthic Intertidal Invertebrates,

ln planning the benthic sampling phase of my study, I had to consider .ix
major problems common to any soft-bottom sampling program;  I! core depth,
�> screen size, �> size of plot  or lenqlh of transrct!, �! Froquvnrr
sampling, �! core area, and �> number of samples per plot or transect.
wanted to select a sampling procedure which would allow me to sample as rrrany
of the prey species as possible and to provide enough individuals per sarrrpie
to make accurate population estimates and reasonably powerful statistical
tests. I am reporting here the processes by which I chose my techniques for
benthos sampling,

Core Depth

took 10 cores, separating them Into three depth intervals: 0-4 cm, 4-8 cm,
and below 8 cm, The total depth of each core was 15 cm. The results are
shown In Table I,
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Table I Vertical distribution of benthic Invertebrates. Data frcm 10
cores were pooled.

0- 4cm 4 - 9 cm Below 8 cm

26' 41966Total number

Percent
2.593.5

Since over 974 of 'the animals occurred abave 8 cm, I decided to sample only
to that depth.

Screen S'Ize

Table 2. Efficiencies of three mesh sizes in retaining the ariphipads
Cnrnphr'rxm erzfurrn>rze and 7I>rzeng>zr>rnnrue cnzrfer vf r nlue. Data f rom
four cores were pooled. Both adu its and juveni les were present.

C. arz lmn>ri e u>n>if pr'l>1.aolrrs
0.297 mm 0.175 mm 0,99 rrmi 0.297 irim 0,175 mm

Retained
by 0.99 mm

Tata I
number 136 100 0 142 56 0

42. 4 0.0 71, 7 28. 4 0.0Percent 57.6

The 0.197 mm meSh refairied l00$ of the amphlpadS. Since li pa' ed much Of
the Substrate, I chOse thi . SI ve,

Size at Plot

ln order to decide the scale over which samples are ta bc taken, same knowl-
edge of the scale of patchiness is required. This ils a cr>mplex iuestian and

Scr.een size Is a trade-off between efficient sampling and efficient labora-
tory treatment of the samples. 1 wanted to sample as many of the smaller
species, including Juveniles, as passible and yet pass enough sediment and
detritus ta expedite sort i ng. I tried several mesh sizes rang in from 4. 0
a 0. 9 rnm and found that the smallest mesh sizes, though very efficient at
retaining mast juveniles. passed very little sediment. I decided to choose
that mesh size which would sample a high prapartlon of the Juveniles of two
species of amphipods, Anzang>zrrzrrrzrue nnnfervznnlue and Cnrnphlurrr eulmorrie,
which occurred frequently in stomach contents of Juvenile saimanld fish from
the lower Snohomilsh River. The results af successive screen'ines 1 fo
s arrsarrp es con ain Ing these amph Ipods thrauuh three mesh sizes are shown ln
Table 2,

frequency of Sampling

To de erm ne popu at I I t'I n parameters such as reproductive times, seasonal trends
ln abundance, and growth over time, sampl'Ing must be daric at close Inierv*ls
relative ta the life span ot the Individual arqanlsms, Since mast af the in-
vertebrates I am samPIIng are sma'll and short-lived  an the order of a yiarl ~

decided to sample monthly,

Core Area

As a result of the extremely dense populations of macrofauna on the rnuijflats,
2

I found that laboratoi-y processing of standard 0.25-m samples was too slow.

I d I t I t bing which took ca~as of 38. 5 cm, but w I th the, creen
ri I itsize I wished to use �.297 mm!, this stl I I sarnp led so many anima Is triat i

was impr'actlca I to take more than 2 cores per station, In general, uri less
nd rec I s lan are sacr I f Iced, I f i s lief I er to deer ease samp in: i ze

and Increase the number of samples, This provides a e er
variance of the population.

 I wished fa use
which I nested sinali cires

st oi the large cores with
a sampled by the large :ares
no species was sa rare that
better able to escape 'Idiom

In order to just ilfy my choice of a smal ler i arer
plastic tubing!, I took a series of 18 samples in
inside the large cores. Comparing the species
that of the smail cores, I found that every peel
was also sampled by tlie small cores. Apparently
the small cores missed it. Also, no species was
the small cores.

Edqes of corers passing through substrate trigger avoidance responses in many
d t nd ush down animals that should have been included in

the care. Since the ratio of circumferenca to area Is larger or a sma core
n for a lar e one, this edge effect causes smaller cares to uridernstimate

invertebrate abundances. I found that, for the mas a un an
sampled, the o posite was true; the large cores underestimated abundaiii:e:. I
elleve that this was due to the greater difficulty in sort'Ing the m >luriai

f the lar e COres. Apparently any edge effect waS Smail cOmpared to thiSrom e a g
e ec . ma eff . t. S II r samples often cause an increase In variance. w

ma .' , ' d fram thefound f h* oi. e maf f . th 5 mast abundant spec i e, the var i ancx s r a lcu I ate
sriiai I cores were never significantly graarer f hah fho;e i a icui e iim>
large cores ase M SeS Raiikl ike Te,i for  !ISP>rS laii-Me'lian Ilnknown ar rlrw 1»1,
cc = .05!.

I had !ittie time to consider It In depth. In the course of other preiiimlnary
wor , a a ek I h d t k n several sets of samples aver variously sized areas. Since

roxiinatel thesamp es a en ovI t ken over an area of 3 to 4 square meters had shown approx nia e y
same spec es composI It lan as samples taken over severa 1 hundred square me! ers,
I assumed that the dominant patch size was probably less than several nialers.
I chose to locate samples along a 15-meter �0 feet! line ~ since tiil wa... a
convenient length along which ta sample. It was small enough ta sample quick-
'I but large enough to prevent superimposing successive samples on previousy>
saimp i e I ocat I an s.
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5E ;IIFNCF 1

Number of Samples per Plot or Transect

E.CILIENCE 2

SEFIuEFICF S
t4EANS

Smal I sample Lar ga sample
� cores!  !3 cores!

VAF<IANCLS
Smail sample Large sample

� cores! �3 cores!

SPECIES

Corophir<rrr salmonis i8.6 I3.5 114.5
Hanayr<rrlia

aestrrazina 8.4 7.8 6,3 16,8
Peerrdoamphicteis

rreg l ecta 7.8 5.2 24,2 13,0

15
Aai sogarrzrraz'r<s

corrfernrioolus 7 Ej U27.6 24,2

1.8
29.3 180.5

!tacoma hxlthica
N Pt8EF  OF COF ES1.4

67

66

Considering the above results, I decided the 5.07-cm core was appro r late for
my samp I 1ng pr ogram. p pr a e or

To <!eclde on the number of sainples per plot, I took 2 sets oi samples. First,
analyzed 20 cores and plotted the number of species sampled versus the num-

slze at wber of species sampled versus the number of cores in order to fi d th I
which the curve r eaches an asymptote. Since lhe shape of the curve

3 se
depe ids upon the sequence in which the cores I tt d, Iare p o e , rand<rmiy chosesequences. The results are shown in Figure
Since this habitat is ch
the ai'uci erlzed by a sma I I number of very ab nda t Iu n spec es,
sam led n

asymptote Is shl fted strongl y toward the left, The f ir t 2ie, re rs nr 3 coressamp ed near ly two-thir<ls of a I I aspen ies. In al I cases, the f irst core
sampled the 5 most abundant srnos abundant species, which r epresent approximately 95$ of allthe Individuals sampled,

tool a se d
nd v ' con set oi sori~p les to f irid t tru smal lest sample slz I hi,he s w r; meansan variances would stabl ize. I col lecl ad a series f 18

plot and catcuiated the n n o cores rom a sin lerua s arid var lances for randomt y chosen irnequai sampleg
s i zes. Shown iri Tab le 3 I a summary of results obtained when I compared a5 � core samp le with a 13-core samp I e. For the 5 most abundant spec les, the
medians were equal  Mani!-Wtriney U-test. <c = .05!.
Table 3. M sean and vari ancns of the 5 most abundant species sampled In i wo

unequal samples from the same plot.

For 2 of the 5 speci es, tacoma balthica and Pserrdoorrrphioteis neglect'ta, thevarlances calculated from the small sample were significantly larger than
thosn of the large sample. I felt that since neither of these spa< les had
been found In juvenile salmon stomachs, 5 cores was an adequate sample sizefor the purpose of this study.

Number of species versus number of cores. The number of species
 ordinate! Is cumulative, but only Increases as new species are
encountered, The 3 plots represent 3 different randomly chos n
sequences of the same 20 cores.



The sampling plan was des
were available to demersa
"seew In fts environment?
Bourne bax corer and a 0.2
epifauna, we used an eplb
we used a 3m beam trawl.

Steve Obrebskf mentioned
the method by which the
example sieving a fresh
to slip thraugh the mesh
I lkel y to pass t" rough
may nat have a great eff
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FEEDING HABITS ANO SFI ECTI V fTY OF PLEURONECT IDS ON THE OREGON SHELF:
A SUMMARY OF RESEARCH IN PROGRESS

Wendy L. Gabriel
School of Oceanography, Oregon State University
Cervaflls, CR

The purpose of this on-goinq study ls to investigate feeding habits of flsheS
acceciated with either Dover or Eng ish sole. In partfcular, 3 aspects af
feeding habits in each fish community are being consildered: I! vertica! dis-
tribution of macrofnfauna wilhin the sediment  as sampled with a box corer!,
and these organiSms' availability as fish food 2! diel periodicity of
p'euronectld feeding, and 3! seleciivity of food species and sizes by
pleuronectids.

igned to determine what potential food "choices"
fish. What invertebrates does a fish actually
To assess the benthic macrofauna, we used a 0. I ~

5m Hessler-Sandia box corer, To ample macro-2
enthlc sled. To col lect f l shee frcm the same area,

Two stations were Intensively sampled. SG-27 �4 26.0'N 124'14.3'W C2
d m
eep, sand bottom!, an area of high catches of Pacific sanddab and English

sole; and SG-29 �4 05.0'N, 124 35.0'W, 112 m deep, silty sand bottom!, an
area where Dover sole is abundant. Samples, taken day and nIght, Included
18 beam trawls, 4 eplbenthlc sled hauls, and 20.0.1 m2 box cores at each
station.

For studies of vertical distrlbutfon of wacroinfauna, cores were sectioned at
I-cn Intervafs for the f irst 'IO cm, 2-cm Interval s for the next IO cm and
4 cm Intervals for the remainder of the core. Each section was then washed

~ ">

through a I-nvn sieve screen, If the number of sections were reduced,
artifiacts, contamination, and sample loss would probably decrease.

Usually' alf fishes from a trawl were preserved, Ta Insure rapid pre-
servation of stomach contents, formaldehyde solution was injected Into the
body cavity with a size 16 hypodermic needle. Whole fish were then stored
In formaidehyde solut!on.

Problems ar fee out of the sca fe of the samp I Ing program. The area bound-
ed by trawl tracks and box cores was smal I �.5 km2 for SG-27; 'l4.8 km2 for
SG-29!, and each station was occupied only 30 hours. Patchiness effects
may be present, since areas of box coring and beam trawling overlapped but
did not coincide.

DISCUSS ION; SESSION 2; SAMPL ING OF BENTHIC PREDATORS ANO PREY:
HOW DO DIFFERENT SAMPLERS AND SAMPLING TECHNIOUES
ALTER OUR IMPRESS IONS OF' THE BENTHOS?

that while the benthic sampler used Is Important,
sample Is processed is just as important. For
sample might allow the slimy, smaller organisms
while preserved animals are stiffer and less
He further mentioned that a sieve size of 0.5 nvn

Iclency for recovering numbers of organisms.

J I Al I presented a brief overvie~ of the Southern Cal I farnla Coastalm en presen theWater Research Project  SCCWRP!. The group was estab I 'ished to study e
ecology of the Southern California Bight and the sources and effects
of pollutants In the area. The funding comes by way of the southern
California counties.

R dl SCCWRP's use of the underwater towed camera system, Bob Fellercger ngk d If th group had ever reversed the direction of the cameras so t a
n aidit recorded the fish's behavior when approached by the net. Allen sa

that Instead of that they had attached it to the bridle to observe fish
behavior. He agreed that some fish are able to escape the net.

Bruce Hlliaby wondered iif any of the attendees used the flotation method
for Initial sorting of benthic samples. Jfm Smith replied that In hfs
case the substrate was too full at organlcs sa that by the time one had

thin ln thethe proper concentration of sugar  or other materials! every ng n e
tray floated. Jack Word added thaf flotatlon or elutriation methods are
unsu aIt ble for molluscs. Hlilaby then wondered if a combination of

't tooflotatian and hand-picking might work. Word added that he Isn oo
crazy about f Iotatlon techniques. One technique that Is coming Into wider
use Is the elutrlator or "bubbler." Alr and water are jetted up e column
conte ning the sample, forcing the lighter animals over the top of the
column onto a collecting screen. Whl'le th'Is method Is adaptable to sand
and gravel substrates, It does not work for vegetation. None of the
attendees had any goad system for sorting animals from vegetative
materfal.

Taivo Laevastu suqgested that benthic studfes should be examined to see lf



H t
researchers could reduce the spec 1f lefty of Invertebrate i dent if icatln ca ans.

should
e s ated that working on benthic samples Is very tfme consumln donsum ng an we

s ou examine the goals of our projects to see lf they can be achfeved
with less time spent, This time could then be devoted to other things.
Jlm Smith was asked how he avoided disturbing the area In which he takes
core samples. He replied that he trfes to prevent taking cores within
t
5 cm of a previous core. DIsturbance of the sampling area Is dfffi ltcu
o avo1d since one is always kicking up sand and mud, whir:h are then

car ried by currents to other parts of the sampi Ing area.

Referring to an earlier suggestfon of using exclusion cages, Obrebskl
he beli v
asked lf any of the benthic organilsms were mobile. Smith Il .d th tm pep e a
e e eved some ot the tube-dwelling amphlpods and polychaetes moved

around but he wasn't absolutely sure. Others in the room d th troom agree a
ese animals do leave their bur rcws for varying periods of tfme, Obrebski

then convnented that exclusilon cages mfght not be an effective tool. Smith
repifed that he was aware of the prob!ems and hoped ta come up with same
correction factors.

Obrebski then mentfoned that a student, Ralph Johnson, studied Tamales
Bay and found that benthic communltles are often associated with certain
sediment types. Therefore, the species diversity of a particular benthic
sample is dependent on the patchiness of the substrate. Some organisms
are associated with severa I sediment types while others are more speci f 1-
cally associated wfth one or two. One might consider sampling the sur-
raundilng sediment along with the fish and benthic Invertebrates.

Feller asked how Oregon State Unversity's samples are preserved, to which
Wendy Gabriel replied that they are washed through a I-nvn mesh screen,
put In formatIn, then changed to alcohol.

Ward wondered about the value of geological analysis of sediment under
the current technfque of dropping the sedilments In hydrogen peroxide and
that kind of
baf I ing ouf the organ les. He claims that the invertebr t. d 't

a in o substrate, they see the detritus, vegetat lan, etc. Curr ent I y,
however, there Is no better technique. It might be worthwhile for some-
one to work on a new technique for sediment analysis,

Gabriel conznented that "... In some Instances, If you can Identify sediment
frcm the geoiog lee I point of view, that wl I I g fve you some clues ta the
dynamics of the water mass movement fn that area." For example, different
grain sizes might be found behilnd banks, In areas of upwellfng, associated
with deep water currents, underwater transport systems, etc. These things
may affect the short scale distribution af species.

Obrebsk I pointed out that Bob Whit lash af Woods Hole recent 1 y completed
a thesis very pertinent to this question of dfstrilbutfon of Infaunal
organ Isms, mostly polychaetes, and their relationships to sediments. He
took cores very carefully from Intertidal areas, froze them, and very
carefully sectloned them. Then he measured the three-dfmenslona1 pasltlons
of the organisms, sampled the sediment around them, and the sediment

their guts. F'Inally, he measured the overlap In particle size dlslribu-
f ion between species and at the same time determIned, by nearest neighbor-
statistlcal technique, the differences in spatial configuration, fhe
general result was that those species «1th the highest diet overlap erc
least likely to be nearest nefghbors, For example, two sp fonfd palyzf/eefus,
one largo and one smail, occur 'In similar areas. When they do occur near
each other, the larger one whips with its paips and tears the palps fram
the smaller one. Small spionlds, when close to large spionids, mnvr:
away and therefore are nat nearest neighbors.

Joseph Ourkln mentioned that he had observed Pacific sanddabs feeding on
fish in the area of the mouth of the Columbia River. Allen agreed lb at
he had observed similar behavior In Calffornla bui Gabriel had not luuk d
at enough fish to say yet. Ourkln also had noticed an Inshore/offshore
migration of some demersal fishes. For the moment, nat much d Iscussian
was heard on this subject  It was brought up a little later>.

Glen Van Blaricom brought up the subject of core samp!es once again and
said that a fellow student at Scrlpps recommended laying them on their
sides after collection to avoid traveling by the animals, thereby affecting
the I r normal spat la'I d fstr I butlon. If an anima I responds to gravity, it
can without changing Its vertical position. Word said that they set the
samples ln dry ice and freeze them as fast as they can. Feller mentioned
that freezing can "pop" some of the soft-bodied animals, which ruins them
for later Identifications. Ward suggested capping the sample tightly but
agreed that frozen samples are difficult to identify. Another problem
arises with large or long animals. When the core is sectloned, these
animals may appear in several of the subsections. Haw does onn place Ihe
anImal'? This should be standardized although many people now use heads
as indicators of total body placement.

Sandy Liipovsky mentioned a problem with polychaetes falling apart afler
being stored In the stomachs. The cambilnatfon of digestive fluids and
formalin is dynamite fa saft-bodied animals, Word agreed but Gabriel
uses a technique whereby the guts themselves are not injected but rather
the stomach cavity, missing the gut. The entire fish is then stored in
formalin in case a student later decides to do a marphometrlc study. They
use a 10$ formal'!n and seawater preservative. Upon hearing that, Word
reccvanended that they lo~er the strength to 5$, then rinse the samples
and convert to alcohol, Gabriel mentioned the volume af fish and lack of
time for conversions to alcohol.

A discussion of buffers followed, Feller mentioned Hexamethaline ielrnmine
wh'Ich works fine but Is expensive. Word expressed the views of many by
saying that Borax works just fine and Is cheap. There also Is some
natural buffering by seawater, which also reduces the osmotic change
experienced with formalin-freshwater mixtures.

baevastu discussed that ln many ways epifauna may be more important as
fish food than infauna. Little quantItative Information is known aba«i
epltauna such as seasonal migrations and year-to-date changes In nbu»dunce.
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Looking at seasonal mlgrat lans of some dumersa I f lsh, we assume that It
Is related to scmethlng physical as temperature, rains, storms, etc.
Perhaps It Is the epf fauna that is sensitive to envlronmeniaf signals and
the demersal fish, In turn, follow the eplfaunai food sources. Gabriel
came back with another theory to explain some of the Inshore/offshore
migrations, Perhaps during storms, the fish move offshore, sacrificing
thefr food rations for stability, expecially If theilr habitat tras been
In relatively shaflow water. In colder water, the metaboliic requ Irements
would be lower and the fish could afford to reduce the food ration. This
may be more desirable to a fish than being covered up every few days by
storm actfons,

Slmenstad returned to the problem of sampflng eplbenthos by explaining hfs
problem of trying to sample ln an area not suitable for an epibenthlc sled.
Some of the problems are shallow water, nursery areas, uneven bottoms'
eelgrass, etc. His group Is exper Imentlng with an eplbenthlc pump which,
when Improved, may be a very useful sampler. It captures the Juveniles
of some invertebrates as weil as the eggs of harpactlcolds and gammarlds.
Obrebskl wondered if pumping through a rotor might crush the organisms.
The answer was yes but some pumps have collection chambers ahead of the
rotor unit and some ne~er models are diver-held "vacuum"-style. The
vacuum pumps are not too good in deep water, however,

Word Introduced a new subject by statfng that sometimes It Is Interesting
to go beyond Identifying animals by sorting them by sex composition. As
an example of this, he stated that some male cumaceans and ostr d ar
ela I I aco s e

pe ag c dwe Iers while the females are benthic. If one examines a stomach
f I!u ! of males <cumaceans and ostracods!, one can assume thai the ffSh had
fed up In the water column. If the stcmach ls full of females, that
would indicate that the ffsh had been feedfng along the bottrxrr.

A short discussion of Crr2rrgorr spp. ensued, Out of that came that the diet
can be polychaetes, ollgochaetes, nemerteans, etc. These are all soft
and can be ripped by the large Cmsrrgorr spp. chelae. Another poInt was
thai Juveniles and adults often occur In different depths of water.

Laevastu wondered what causes separatfon of generatfon In terms of depth
and area. Perhaps juvenile fish are found In shallower waf r to avoid
cannibalfsm or perhaps It Is a function of femperature. The warmer
temperatures may optimize growth rates and conversion rates. Another idea
was that perhaps the juverrfies are more euryhallne than adults of the
predator specfes and can therefore enter territory that the predators
cannot. Obrebskl cautioned that while we can show experlmentafly or
otherwise that a fish ls optfmilzlng hfs existence, we shouidn't base that
observation on a sfngle factor . For example, photoperlod may be a better
Indi tn ca or of time of year than temperature. We also shouldo't worr If
ou theories will become out of date In future years. As long as our Ideasr
are better than those that have existed to date, that Is good and we ought
to publ lsh them,

Tire final discussion returned to epfbenthlc sleds and the pr,hlems Involved
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trying to quent I fy the data. It Iso' f possibfo since the area cover r
can't be measured and we don't even usual ly observe how the s le 1
travel lng or If It has tipped on one runner, or It ft Is digging into
the sand and sampl'Ing benthic 'Invertebrates, etc,
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A LABORATORY METHOD FOR Tf E ANALYSES Ol FISH STOMACII CONTENTS

Bever i ay Kask and John 5ibert <presented by Tony Phl I I lpsl
Research d Resource Services, Pacific Blologiical Station
Fisheries and Marine Service, Department of Environment, Nanaimo, B.C.

During the 1969-1974 ' numerous studies were carried out on the estuaries and
open waters of Georgfa Strait and the west cost of Vancouver Is!and, ihese
included the collection and analysis of the stomachs of juvenile salmonld..�
herring, stickieback, flatfish and many other species. Often these were
caught in large numbers and It became necessary to develop a rapild method
which would produce results comparable between areas and from year -to-year.
In designing the laboratory techniques, we attempted to incorporate suffi-
cient detailed analysils to allow a variety of treatrnenfs of the data, while
maintaining sufficient speed and consistency. We endeavoured to keep sub-
jectivee treatments to a min Imum and establish a standard ized approach that
would reduce the variation bet~can technicians. Concern as to the food
sources of such commercial species as salmon resulted in tiie need to know
not only the gross weight or numbers of diet items, but also to dlfferentlate
those found in the estuaries and nearshore areas from the pelagic sources,
We therefore requilred information on the diets of Individual fish, Includinq
the numbers, lengths and species of food organisms being eaten.

Maferials and Methods

laboratorry teeirnirfwe � after the stomach s had been dissected f rom f frr f I sh,
they were dried, using a damp towel, we I ghed on a Mott ler PI62 balance and
put In Petr I dishes. These were I I I led with water arid p I aced on a mm gr id
under a dilssectlng microscope. Surgical scissors were used to open the
stomach and a subjective estimate was made of the percent capacity uti I ized
by the food bolus. The contents were then removed from the stomach usirig a
probe. Gentle agitation usua I I y separated the food i turns and spread I Iiem
In the dish. IJslng the grid as a guide, the samp le couirl then be miived back
and forth under the microscope. Each f lel d was examined and ind i vlij»a I food
items were ident I fled and measured to the nearest mi I I imetre. Manfpular i on
of the food organisms was minimal and was usually necessary only when
tempting to make identifications. The percent of the content s In nii aiivanced
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Stat e of digestion was estimated subjei tivel . Wh.y. ere subsampllng of thestomach contents was necessarary, due to its volume, or large numbers of diet
100 of
items, a Folsom plankton s I i tterp ' er was used, Subsampling uas continued untilof the dominaiit food organisms could be counted, or un'il the volume
reached a more manageable Size. Ailernatel in caSes

o sma ood organisms e,g. tunicates, the subsampilng was carried
out by counting crily a poi tioii of the dish. In both methods, the total num-
f acier. The wei ht of ated by multiplying by the appropri ate s ! I ftl

g of the damp stomach shel I was recordeil aiid thl p il9
subtracted from the wel I aii s va ue,

we g it of the ful I stomai;h, gave the weight of ths food

,7ee a~ing nnd ann!yance Of nnbn-- reaarding Of data waS Oi
on which the iiame of the toed organism, the numLiei and I
!owevsr, this proved to be too cumbersome when handling

p ng o a es foi pub!stomachs. Hand tabulation and fypl f t. bl
hours of preparation. Consequently ilt was necessary to
cording farms and devise a code to handle the analysis o
stomach analysis data.

On each coding sheet were recorded the sampl ln area
species of f1 s amp ng area, gear, stcit lon number,
of the stomach s

o sh analyzed, length  mm! and weight  gm> oF th~ f I ho e s , the numberstomach, scale number, age, capacity of the stomach �>
 mg! of the stomach full e s omac, the weight
were dl u and empty, the percentage of the content th t

gested, and the number of food categar les. Each food
u s a

slsted of a cate or code the I s. ac ood category con-
c gory co e, is size range  mm! and the nvmber counted. Lipto 23 categories could be listed from any one stomach analyzed.

The category code itse I f was designed to inc I vde f I sh h to I kt
plankton and benthos. F s , p y op ankton, zoo-

os. our separate sections of the code were set up, basedon a three byte alphanumeric cade. The first secti bec an, num er-number-number,
endin with 999. Th
nc u es the ish of the marine ~stars of this coast, sfartln with 001ar ng w and

�973! wer
g w . e page numbers from Pacific Fishes of Can d b k

were assigned to each speciles. Approximatel 300 s aa y ar
reserved at the end a e y spaces have been
"fish eneralu. T

a e end of the cods for freshwater species. 999 f I ts g ven ag . he second section ls reserved for the benthos, and the
codes are given as number-letter-n
to 929. ter-number, e!icompassing 2 600 spaces from OAO

his section Is not yet in use, The main bod of fh d I
letter-number ils the y o e co e, etter-

e section containing the phytoplankfon, zooplankton,
foramlniferans, radiolarlans ciciilates, coeienterates, annelids and manyothers. There are 6 760 s ap ces In this section, and it expands into fhe next,letter-number-number, which contains another 2,600 spaces.
Spacing of assigned codes was arranged so as to allow for fa ow or uture e>pensioneac group, e.g. copepods. Identifications may thus bs carried to
group, species, or even life stage.

While inifiali re u r'y requiring the expenditure oF <onsiderable time at the I
scope, this techni ue e me a e m cio-is ec nique provides details which allow a selectii.n of treatinents

fo be used In analyzing the results, These include calcu lal ion of ltii lr~-
quency of occurrence of each food organism by spei-ies, group, or ;ize r,iii!e
and calculation of the biomass of each food Item, per fish or In to!al In-
formation may be gained on energy rsquiremenis and food chain Iiu.ture;,
both w I thin the estuaries and in the open waters. By uf I I izliii! IIu uzi
guidelines fo measure the food organisms and those taken In lhe ziioiil,iiihluii
taws, a comparison may be made between the food species ave i lab le end I liase
taken by the f lsh. Once fami I iarl ty iS gained In using the keyS to t lie
various food groups, the time required for anal ys Is Is greatly reduced.

TheSe methOdS have been a practical success and were used to describr i!li
diets of f I sh f roin the Eraser  Env I ronmuiit Cariada, 19!S !, Nanaima  Lnv i raci-
ment Canada, 1 9 74 !, Campbe I I  Goodman and V room, 'I 974 !, Squami sli   Eriv i r unmeant
Canada, 1972!, Somass  Kask and Parker, 1974!, and Cow i chan   in preparation!
estuaries.
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Service, Vancouver.

1974. An environments I assessment of Nanalmo Port el ternal ives. Lands
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1975, F I sher les resources and food web components of ths Fraser Ri ver
Estuary and an assessment of the Impact of the proposed expansioii ai the
Vancouver International Airport and other developments on these resources.
Fisheries and Marine Service, Vancouver.
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Pac/T-74-13.

Hart, J.L. 1973, Pacific Fishes of Canada. IiSh. ReS. BOard. Can. Bull.
!io. 160;740

Kask, B.A. and Rabert R. Parker, 1974. Data Record. Alberni Inlet fishes,
April 23 to July 20, 1971. Their distribution, species, size/age com-
position, and stomach content. Parts I and 2. Fish Res. Board Can.
MS Rep. 1311:
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METHODS USED IN STUDYING FOOD HABITS OF OREGON' S ESTUARINE F ISHES

My name ls John Johnson and I am w1th the Oregon Dep~rtment rf Fish and Wild-
life. I am nvolved with the Tillamook estuary study, which Is a flnflsh anr
shellfish distribution and abundance study.

Along with our normal duties I started examining the stomach contents of var-
ious species of fish out of curiosity at first. I recorded my findings In
vague terms 'like snails, shrimp, pili bugs, etc. Our first annual report wa<
due and I wrote a short section about the food habits of fish In Tlllamook
Bay. Suprlsingly many people thought this type of work enhanced our project
In general and I was encouraged to continue the project ln a more organized
manner.

was a wi ldl I fe major at Oregon State University and I did not have one
course In invertebrates, so I knew I needed hei p from experts. I went to
Joan F I yn, Oregon State University, and Sandy Llpovsky, National Marine F1 sh-
er les Serv I ce. They were both very pat lent and eventua I I y tiiey started me
ln the right direction.

I' ve been working with stcmach analysis, on a part-time basis, for over a yea
now but still consider myself a beginner at best. I will explain the pro-
cedure I use for examining fish stomachs and give comments on gray areas
have questions about. I will give some suggestions that may help some of you
that might be beginners as I am.

I am examlnlno 5 species of fish: chinook salmon> starry flounrier, English
sole, surf smelt, and black rockfl .h; most of the fish examined are juveniles

We capture fish us'Ing g I II nels, Prew ls, beach se Ines and SCUBA qear.

Juvenile starry flounder and English solo are preserved In a 10$ formalin
.nlulion while chinook ar>rt rockiish are injected wIth pure formalIn to stop
the digestive process as sour> as possible,

examine the digestive tract of al I fish from the top of the esophaq>r- to the
junction above the py lor1c caeca. I put stomach contents Intr> a w rlrh <ii ass
and examine them with a binocular scope. I count and ider>ti iy ai I or J,rr>isms
and record my findings.

I organlre my data for a I-year period of time 1July 1975-.luly I'r] >!
I know total number of food items for each species of fish and from Ih,>l I
can compute preferred food Items for each species by percent. for example;

examined 71 starry flounder stomachs and found 851 food itoms. Preferr-ed
food Items were as follows: corophid amphlpods 53.6'4 ~ gammarid amphipr>rjs
13.65 ~ juvenile clams II.54 and so on.

P>ad 3 basic sources of reterence materi~i. I used the third aditi ~rr !I
L!ght's Manual which is an excellent source of information on invertebrates
of the centrat California coast as well as the Oregon coast. Joarr I'iyn pro-
vided me with copies of detailed drawings of organisms she anlicipaterl miqhi
be found in Tiilamook Bay and I found these mast useful. I oftentinr,
referred to a reference collection of organisms found in Tillamook fray which
was composed by myself and Margaret Toner, OSU graduate studr>nl.

Here are some gray areas I have questions about. I would like to know how to
stop the digestive process more rapidly tlran I do with present method.;.
would I Ike any suggestIons you may have that would speed up the examination
process. We spear black rockflsh along jetties uslnq SCUBA gear; however,
would be Interested In finding other ways to capture rockflsh In areas like
ibis.

Here are some helpful hints for beginners starting work In stomach ar>alysis,
Go to experts and ask for pointers in ail phases of the process, Find and
use all keys you can get your hands on which pertain to the food organisms
you happen to be working with. I have found my reference co!Ioctlr!n lo be
a real time saver In the keying process.
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THE PR EY DF D E EP- S E A MACROUR I D FISHES
OF F OREGON

This paper discusses the problems of Identifying prey of deep-sea
macrourid f ishes. The results of this food habits study are pubf ished
by W.G. Pearcy and J.W. Ambler  n Deep Sea Research 21: 745-759, 1974.
The prey of the deep-sea niacrourlds includes many taxa that Inhabit the
deep-sea floor and meso- and bathy-pelagic waters. Several major taxa
were Important prey; crustaceans, echlnoderms, molluscs, polychaetes,
and fishes. Taxa also observed Included: foramlnlfera, nemutodes,
echlurolds, and plants, With such a wide varfety of animals and the
ilncompieteness of deep-sea taxonomy, several groups were given ta
specialists to Identify. However, experience in sorting and Identify'Ing
benthic invertebrates from beam trawls helped preliminary Identifications.
Recently publisheit references will facilitate future faxanamlc work for
mast of these animals.

For r«aciourids, aii important fact Is whether tiie sfomnch Is everted, full,
or errpfy, Since the swlmbladuer of a rattail expand wlie« brought ta
the surface, the stix«ach Is often everted. The percentage   f everted
stomachs varies irilh species of macrourid  lable I, Vearcy and Amb!er
19?4!, Data on fullness of the stomach in terms of I/4 ~ I/2, 3/4, or
full were subjective and not very useful. The sIze anu spei:les of
macrourld observed were very Important, bei-ause food habits changed with
these factors  Table 4, Pearcy and Ambler 1974!.

The most useful data far describing food habits were wet weight and
frequency of occurrence of the prey taxa. Wet weights give relative
Importance of the major taxa wh'Ich often Include several species.
Frequency of occurrence data can iepresent each species and type of prey,
The wet weights aid not correspond very well w1fh frequency of occurrence
 Table 3, Pearcy and Ambler 1974!, fhe prey species of larger mai.rourlds
dominate by wet weight, when all size classes of a species ure combined.
The position of the prey In the stomach was also recorded ti: discover If

some an lmai s a i ways were In the enter'lor part af the stainach, whl i ii would
imply feeding in the net. Copepads were suspected, but they wei e fou«d
from the anterior to the posterior part af the gut. The number of each
pi ay taxa was recorded, but the variety of prey and presence or at>;r nce in
the predator was more Important  Tabi e 2, Pearcy and Amb'ler 19�!.

A higher percentage of unident I fi able gut contents ai.curred In
ratta I Is than ! arger f I sh of 'I he same speci es  Tab I e 4, I'iinrev
1974!. The unidentifiable mater Ial was cal led "grungeu arid in
ihe orig'In Identified: orange crustacean remains from pelagic
fish or squid eyes, f Ish scales and vertebrae, and mud. h fi w
occurr'Ing Items remained a mystery such as hooks and "copper w

For food habit studies of fishes, it Is helpful to be familiar with the
potential prey, For the macraurid flSheS, bentiiiC i«vertebra!es aught
in beam trawl s and meso- and bathy-pelagic nekton caught in mi ii-wafiir
trawl s were major prey Items  see Table 2, Pearcy arid Ambler 1914!.
Samp I es were el so observed from a plankton net towed above the beam
trawl, However, there was I I tt I e corre I el ion between copepod spc c i es
In the f lsh stomachs and those In the plankton nets. Gaussia prlncc~s
caught ln the p I ankton nets was never observed In the f ish stomaciis,

Identification of the prey to species may not always be necessary. From
food habit studies, one wants to discover the major taxa af pray and its
habitat, We wanted to know if the macrourlds ate eplbenthas, Infauna,
or nekton. It may be adequate to know that a particular species and
s Ize class of rattail eats deep-sea palychaetes and holathuroiiis i a!her
than nekton. But, with In a major taxa, some species may be mare impor-
tant food Items than others. I or example, the rattails only ate two of
the haiofhuroid found In Cascadla Basin, Species ident Ificatlori of
pelagic prey such as shrimps and cephalapods was correlated with the
distribution of these anima!s In the water column. The occurrence of
these mesopelagic animals in ihe guts af the rat fai'is raised questions
about their feeding behavior. Da rattalis migrate ta mesapelailii waters
or do they eat the mesopelaglc animals as carcasses?

The fol I awing is a I I st of taxonomic references which are general enoi gh
for Ihe bioiog 1st wha Is a no«-special 1st. For deep-sea poiychaetes,
holothurofds, copepods, and amphipods, taxonomic special ists are
essential. These references were recommended by people working with
these taxa an projects at the School of Oceanography, Oregon State
University, Corvallis.

Smith, R. I,, and J. T. Carl ton, eds. 1975. Light 's manua I; Intert I dal
invertebrates of the Central Cal lfornla coast. University of
Cal i farnia Press, Berkeley. 716 pp.



Polychaetes

Hancock, Dan I I. 1969. Bathyal and Abyssal Poi ycaete  annel ida! from
the central coast af Oregon. M,S, thesis. Oregon State
Un!vers i ty, Car va1 I I .. 121 pp.  Key to species!

Hartman, Olga. 1968. Atlas of the Errantiafe Polycaetaus AiineliJs from
California. Alian Hancock Foundation. University af SouthernCalifornia, Los Angeles. 628 pp.  key to species!

Hurtmnn, Giga. 1967. At I as o  the Sedentarl ate P il yc!rani au Annnl I dsfrom Cal I amia, Al lan ilancack I auridaf loii, Irrri var s i iy otSOuthern Cal i for»la, La. Angeles. 812 pp,  ke> tO siiecleS!

Crustaceans

Copepoda

1950. Calanoida of the Far Fastern Seas and PaleBrodskll, K.A.
th USSR. Zaologica I Inst itute of the Academy o S

f r «iiiof the USSR. No, 35. Moscow. 441 pp. Irarislated
Russian by israel Program for Scientific Translations,
Jer usa ere, 1 967.   Ava I I able fram U . S. Department of Commerce,

I h for Federal Scientific and Technical information,
Springfield, VA, 22151.  key to species.!

Owre, and Maria ioyo. 1967. Copepads of the Ilarlda Current.
I. 1 37 .  Very qoad adaptatian reerFauna Car!baca, No. . pp.

Rase's key ta genera.!
Molluscs

Abbott, R. Tucker. IDUB. Seashoils of North America. A guide tofield Identiflcatlori.   olden Press, New York. 280 pp,  key
to species!

Abbott, R. Tucker. 1974. American Saashells: The marine mailusca of
the Atlarific and Pacific coasts af North America. Van NostrandReinhold Co., New York. 663 pp,   Key ta species of shelledmolluscs. Descrlptloris of cephalapod species.>

Ak!mushkln, 1.1. 1965. Cephalopods of the Sea of the U.S.S.R,
Akademlya Nauk SSSR, Instltut Okeanalogili  Translatilan>,
223 pp.  Help ul for squid beak Identiif Ication.!

Clarke, M.R. 1962. The I dent I i i cation of Cephal opod nBeaks" and The
Relat1onship between Beak and Size and Total Body Weight.
Bul let ln of the Brit I ah Museum  hiatural History! Zoology,
18 IO!: 421-480.  Partial key ta faml I les.!

Keen, A. Myra and Eugene Coen. 1974. Marine Mol I»scan Genera af
Western North America. Stanford Universfty Press, Stanford,126 pp.  Key to genera of shelled molluscs only.!

Roper, Clyde F,E., Richard E. Young and Gilbert I . Voss. 1969. An
I I fustr'ated Key ta the f'aml I les of the Order Teuthoidea
 cephatopada!. Smithsonian Contributions to Zoology, No. 13,
32 pp.

Young, Richard E. 1972. The Systemat!cs and Areal Distribution of
Pelagilc Cephalopods from the Seas off Southern California.Smlthsonfan Contributions to Zoology, No. 97.  key to spec es>

Rose, M. 1933. Copepodes Pei ag lques. Paul Lecheva I ler, Paris.
374 pp.  In French.!

Ajrr p hE pode

n . 1969. The Faml I lns and Genera of MarineBernard, J. Laurens.
Gammarildean Amphlpoda. U.S. National Museum Bulletinin 771.
535 pp.   Key to genera.!

T ames E, and Hans-Eckhard Gruner. 1973, The Families and
e t . Am hlpoda!. SmiihsonlanGenera of Hyperl Idea  Crus acea: mp

Contrlbut ions to Zoology, Na. 146. 64 pp.  Descript ion af
faml I les and genera. !

Decapode

Rathbun, Mary J. e at I . 1904, Decapod Crustaceans of the Northwe'I
V I. X,Coast of Nor th Amer lca. Harriman Alaska Series, o

Crustacea. 337 pp.  key to species.!

Waldo L. 192!. The Mar fne Decapod Crustacea of Cal! farrila.
470University af Cal lfarnfa Press, Berkeley, pp,

 key to species.!

Robert Allen. 1977. Zcogeagraphy of pelagic shrimps
flc Ocean. Natantla: enae ea aP nae idea and Carldea! ln the North Peel c econ.

I ls 237Ph.D. Thes1 s. Oregon State Unlvers I ty, Carvel s, . pp.
 key ta species.!

Schmitt,

Wasmer,

se h 1976. Twa Zaogeographlc Studies of Deep-SeaDickinson, John Josep
s'Is. Ore on State!3enthic Garnmarld Amphipods. Ph.D. Thes s. regon

University, rva s.Co I I I . 117 pp.   Includes species I rats for
stations in Cascad Ia Basin,!
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Carney, Robert. 1976. Patterns of Abundance and Relaf ive Abundance of
Benthic IIal at hurolds or> Cascedl a Bas1n and Tuft 's Aby";a I F'I aln
ln the Northeast Pacl f ic Ocean, Ph.O. Thesis. Oregon State
University, Corval I Is. 180 pp,  No key.!

Kyte, MIChael ~ A. 1971. ReCerr  OphiurOIdea OCcur ring off Oregorr, U,S.*,
Pages 65-83 In Ecological Studies of Rad laact iv i ty in the
Columbia River Estuary and Adjacent Paci f ic Ocean. Progress
Report I July 1970 through 3O June 1971. Submitted to
U.S. Atomic Energy Corlrrisslorr Contract AT �5-1! 2227.
 Schoo I of Oceanogr aphy, Or egon State Un I vers I ty, Cor va I I I s.
Out of print.  key to species,!

Hart, J,L. 1973. Pacific Fishes of Canada. Fisheries Research Board of
Canada, Bu'Iletin 180, Ottawa. 740 pp.  key to species.!

Iwamoto, Tornio, and David L, Stein. 1974. A Systematic Review of
Adjacent Waters. Bulletin of the California Academy of Sciences,
No. Ill. 79 pp.  key to speciles.!

Ml I ler, Daniel J., and Robert N. Lea. 1972. Guide to the Coastal
Fishes of California. Fisirerfes Bul let ln 157. State nf
Cal I fornia, The Resources Agency, Department of F I sh and Game.
 key to species.!

STOMACH ANALYS I S METHODOLOGY: STILL LOTS OF gUEST IO'NS

Catherrne Terry
College of Fisheries, University of Washington
Seattle, WA

There are two objectives In this presentation: One ls to describe lhr. rne-
thodology currently being used In our food web studies at the University af
Washington's Filsheries Research Institute. The second is to bring up for
discussion some of the questions and problems for which we haven't found
adequate solutions.

Preaerrrafion of apeoirrrene, F ish to be kept for stomach content analysis are
placed In 10$ buffered formal ln In the field. With larger fish, formalin is
Injected Inta the abdominal cavity within 15 minutes of capture, The amount
of formalin injected is recorded and iits weight Is subtracted from that of
the fish when the fish Is weighed. Fish are returned to the field lab where
length, weight, and sex data are recorded. Small fish are tagged wllh a
spec'imen number and a station location code. The tag Is placed under the
operculum and up through the mouth. Stomachs trom larger fish are dissected
from the abdominal cavity, cutting as close to the esophagus as possible
and cutting j »t posterior ta the pylorus, The esophageal end is tied by a
string with a tag labelled as abave.

Laboratory premed  re. The stomach ls removed from the fish and drieri off.
A damp weight Is then taken to the nearest tenth of a gram. The entire
stomach contents are removed and placed in a dish and the empty stomach is
weighed. By subtraction this provides a total stomach contents ~eight In-
cluding unidentifiable material and fluid. An evaluation of the stomach
fullness ls made and given a number scaled from I  empty to 7  distended!.
The stomach contents are placed In a dish marked w1th a grid and sarled,
separating all unidentifiable matric from recognizable prey orgarrisms. A
subjective evaluation of the stage af digestion sca'led from I  all unident-
ifiablee! to 6  no digestion! is made at this time.
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Prey identification is made to the lowest taxonomic level possible given the
digest'Ive state und the ab'Ility of the sorter. For example, crab and shrimp

fairly easy to identify lf they are Intact, so these are faken to species
if possible. Polychaetes are generally beyond recagnitlon but wa try to take
these to tamlly If we can. Amphlpods are carried ta suborder  garrmarids,
caprellids, and hyperilds I but no further, No attempt Is made to Ideniify
a!her small crustaceans beyond the groupings of harpactlcold, calar>old, and
cyclopaid copepods, rnysids, cvmaceans, tanaids, and euphausllds, Isopods
are taken to suborder when possible. Hlalluscs are often relatively easy to
Identify and are taken to genus and species, though Identification as a
qastropod, pelecypod, or amphlneuran fs most common.

After prey have been sorted into groups and identified, they are counted.
Counting can be a problem If the prey are pieces. In this case only a whole
organl sm Indicator--l.e., some ihir>g tr>e anima I has one of--Is counted. For
example, heads for crustaceans, opercula or apical whorls for gastropods,
hinge areas for pel ecypods, centra! disks for ophlura iris, and Ar I stot le's
lanterns for echlnoilds, When a prey was not eaten whole and onl y a par t was
Inqested, the parts are counted and given special coding that indicates that
it was only a par t. This Is especla I ly useful for f I sh that prey on cia>n
siphons and don't take the whole clam.

After the prey organisms have been sorted Inta group- and counted, the weight
of each taxonomic unit 'Is obtained to the nearest thousandth af a qram, The
stomach contents are then placed In vials and kept for possible further
identlficatlon of some of the difficult prey groups, such as gammarld
amphipods, by experts in those taxonomic fields.

Stomach ana lys I s data are recorded on computer-format farms wl th 10 dig� 'lt
numeric codes for both predators and prey  F'Igures I a ib Ic!

Time element for guts. Analyzing fish stomach contents using this method ls
slow work. 'We aver age '! hr /stomach. This average Is only thi s low when we
include the time It takes to da an empty stomach, which Is about 5 mInutes,
The minimum time we spend when a fish "a s food in its stomach Is about 20
minutes. Juvenile flatfish and large rockflsh eating large prey organisms
usually fit Into thIs time cateaary, The maximum time we spend per full gut
Is 4-5 hours for large fish ca!lag lots af small prey. Th'ls is common for
adult embiotocids and processing time for these fish Is very lonq. For
example, one Embiotoea fates'alia I did recently had 91 5 grmmarid ampipods In
its gut and took 5 to separate and count all the organisms.

Identification. How far must you carry prey Idenlificatlc n2 Ideally, Ident-
Iflcat ion should be made to the .>Pucies level except where damage by diges-
tion has destroyed the specific ct>ar*cters. I'ractically, this is uxlremely
difflcr>lt because of the taxonomic difficulty of many of the prey groups,
The sorted prey would have to be given to experts in each taxa~amic field,
a single ernblotocid may have 800-900 gammarid ar»phipod in its gut and it
would likely take several months just to ider>tify these organisms form one
stomach. yet If we' re looking at ir>terspeclfic competition for food, lt

seems essential that we know exactly what species of gamr»arid, are bring prey-
ed upon s i nce there I s such a great d I vers I ty of gammar i ds I I v I ng I r> a wi t!a
variety Of habltatS, A por,Sible alternative would he to Irlentlfy lhe func-
tionall role  eg. pelagic, epibenthic, benthic:! of a prr>y argar>is>r> wr>sr e rnorph-
aiaqical characters, are definitive. This, however, definitely camplicafes
coding thses organisms.

ln addition to the taxonomic dift levity, there is the compl ical inri fr».lr>r r>f
d1fferent levels of digestion. It Is frequently impo sible ta ideality 3
prey item beyond a broad category because of the advar>ced stage af di la.,fion
It Is In. If ln other stomachs we can identify organisms ta specirs levnI
how does one analyze the data? Do you thraw out ail sperlmens for whl> h the
prey are too we!I d!gested to be recognizable as Individual specie.,?

frrganiame purta--how do you make counis of prey organisms which hy !heir
ture are not eaten whole sucl> as pieces of a I gae, sponge, hydrol d., br yozaans,
holothurald gl I Is? We have been making very subjective e ! 1«>a! a; of «! a! i
"bite-sized" and then counting pieces this size. This Is quite arhi trary and
In some cases Impossible to da. Recent ly, we had an Fyrr>phrga bir>r»r;fr»r><c,r>
WhlCh WaS full Of SheetS Of VfVrZ and PrZrf>fr>JZVZ end there WaS na way IO eSFI-
mate a number of bites of algae taken. In cases like this, our current
method of trying to get both counts and weights breaks down.

Can you svbsample when the stomach Is packed w 1th tiny prey? When stomach
contents are removed from the stomach and placed ln water, they da nai spread
out nice and even!y. Instead they tend ta be very tightly clumped and one
needs ta careful'ly tease the organisms apart. It 1. the separation of the
prey that takes the time with these guts. If we were to simply take half af
the stomach contents and analyze them, we run a fairly high risk of error
because the distribution af the prey organisms within the gut content often
Is not random. It Is fairly common to see clumps or bands of cer.tale prey
types In the stomach contents. For example, with a plankton feeder, mast of
the stomach contents may be a mixture of copepods, Oikapieum, chaetognafhs,
and fish larvae and have a wide band of nothing bvt myslds placed somewhere
In the stomach contents.

These are the questions that we stl I I have about how It is best to do fish
stomach content analysis and I hope that they wi I I be part of the discussion
that follows.
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METHODOLOGY USED IN STOMACH CONTENT,ANALYS I S

John P. El I lson
Occidental Col lege end Southern Cal Ifornia Edison Thermal Effects Laboratory
Los Angeles, CA

At King Harbor, one aspect of our research program is to examine the f .uding
habits of approximately 30 species of fish. These f lsh Include epi faunal

azers pesclvores planktlvores and herb lvores. Their stomach conte~ts areI
being examined in order to determine iheir diets and these data will be ana-
I zed with Occidental's IBM 376 computer using a program for discr'Iminateyze
analysis. These results will 'In turn be correlated «Ith field observe tons,

The procedures and methods used for the collections and hand ling of the fish
are as foliows.

1. The fish are collected by SCUBA divers using gill nets, pole spears
and collect'lng bags.

2. After capture, the fish are placed into a bucket without water and are
allowed to suffocate. A solution of 20$ formallne ls then Injected into
the gut to stop the digestive process and preserved in a 10$ formalin-
sea water solution for at least 4B hours.

3. The fish are then rinsed in running water for 2 hours arId afterward
placed In 704 isopropyl alcohol.

4, The fish are weighed, their lenqth ls taken, and they are lissecled tp
remove their StOmaCh and InteSt irre, and their Sex IS nated,

5, The contents of the stomach and Intestine are examined separately with a
variable power dissecting microscope. The food 'Items are keyed out to
the lowest taxon feasible and their number is noted along with their
estimated percent volume.

Because of the relat I veiy poor condition of the food Items in the ilnres fine,
only the data from the stomach contents are used in the statistics'I analysi s.
The information from the intestine Is used only In compl I ing a I i st nf food
organisms for the tish.
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The usn of dl scr iininnf e analysis a I I ows us mor e leeway than many other statis-
t ical tests, in that both eriuiner ated and measur ed dale may be uti I ized. For
exainp le, the diets of 7 or nor e f ish may be compar ed us in:I such data as recon-
sti ucted welglit ol the pr oy pecles. volumetric displaceinent, percent occur-
rence, percerit volume of sloinuuii, uti:, a! wel I as the nurnero iua! occurrence
oi the food Items. Just a measured data provides a more vul id Interpreta-
f ion of gut ariilysl s so a statistic employing this type of data will result
in a more useful test of difference or similarity.

In calculating our variable we muliiply aha rumber of each faad Item In the
load grc ups by their estimated nnrcent volume iiopefully ihls will enable
us to weigh the purely ni mer i ca I data In order to get a rriiir e valid r epr esen-
fatlon of the relative value af the various food groups.

Another advantage of di scriminate anal ysii s is that any ane fish need not
have every food group repiesented ln its stomach. This allows lhe rale»tlon
nf minor food groups in Ilia ana I ye Is r st her than I'he ir conihlnat i on into
larger groups and the loss of informat lan. It should be cautioned af this
point that the prapiir food groups be choseri. For examp le, It may be valid
ln some instances to combine cerI aln prey species into a ccmncrn food group.
In such cases the prey species should be looked at as an environmental
rather than a toxonomlc unit . On the ether hand, It may also be possible
that either sex or growth stage will separate a species i»to different be-
haviorall arid environmenla I units and necessitate Its segreat ion Inta two ar
more food groups.

There are several considerations which should be kept in mind when using
discriminate analysis, One is that the food groups chosen be distinct and
with the least possible amount of overlap. This condition Is sometimes
difficult to meet In gut analysis as it Is often necessary to combine badly
mutilated and digested food Items ilnlo higher taxonomic categories there-
fore creating possible overlap situations. Another apsect is that there
should be as many cases as there are variables. So If yau are comparing the
diets of 2 species of fish and you find there are 20 food groups to deaf with,
then you shauld examine at least 20 full individuals of eai.h species.

Our work to date at King Harbor has revealed 72 food groups In the col lect lve
diets of the 30 species of fish that we are concerned with. Our goal Is to
examine a minimum of 70 full Individuals of each species. The resulting F
values from the computer analysis of this data will enable us to determine
which fish have different or similar diets.

DISCUSSIO'N; SESSION 3I LABORATORY PROCEDURES
AND IDENTIFICATION

The importance of a <prey! reference col I ection In facl I itatlnq the
Identif ication of food organisms from fish stomach conten ls was emphasized
during the panel presentations.

Brock Bernstein, Jack Word and John Stephens painted out the biases pro-
duced accordIng to the time of predator collections l,e., nocturnal feed-
ers collected during the day, and the value of various indications
evident 'In stomach examination such as state of digestion, position of
prey In the gut or the Intestine, etc, In elucidat'ing the actual feadiiig
chronology

Several comments related to regurg ltat lan, especia I ly with col lect lon of
rockf 'Ish via spearing. G I enn Van Blaricom suggested using a hand iiet
to contain f ish and anything regurgiltated; Greg Cal I I let and lii- asso" iates
were using qulnaldlne In squirt bottles to anesthetize fish underwater
and then place them In bags' and Jim Congieton mentioned SCUBA divers
using a baited line to lure fish Into a net.

Sl S!menstad and Catherine Terry suqgested that low stomach fullness arid
a high incidence of empty stomachs ln rockf ish may be natural, ca»sliierlng
theIr tendency to forage on liirge organisms.

Bab Fel ler asked If the Nanalmo group examined the hind guts of juveni le
chum salmon  na> ....he suggested that there may be a sizable percentage o'
the total alimentary tract contents found In the hIndgut.

A discussion among Feller and the Nanalma group concerned the use of
wet weights vs. dry weights and po'Inted out that while dry weights are
less variable, fish are eating wet weights, not dry, So these should
be related to the dry weights of the fish themselves. The alternative
is a reconstruction of b Iomass by organism size. Nike lice l ey rnenl loried
that for juven I'le salmonids they were examining, stomach contents
averaged 5N to 10$ of the total fish biomass, whether measured by wet or
dry weight.



dlr t
Dave Levy mant  oned the problem of dropping f Ish  espec a  I tt Id !

rec iy Into forma I ln for prese vat Ion as It w I I I often Induce regurgl ta
tlon and an  ntermed late anesthetic is necessary ~

Bruce Mi ler requested Information of the Nanalm
codln errors. v

e ana mo group regarding prey
co ng errors. Beverly Kask verified that they ran crass references
among their stomach examiners with no silgnlfilcant errors, though Healey
noted that thIs is difficult because subsequent exaenlners ended up with
fewer and fewer organisms to Identify.

Back to a dl'scuss Ion of measuring weights, J lm Cong eton asked I f anyone
had Information showing a progressive decrease In dry we ght with preserva-
tion In formal n. Cal I I iet ment oned that zoaric lds shrank 101 d th
food or ganlsms 5$ to  Ox for a few days, but then decline quicklys ran an e r

tapered of f; he suggested using a vo umetrlc Instead of a gravimetric
method, c'Itlng the drying of Oikopleura to essentially nath In . Johnson

sugges ed that the volumetric method was too time-consuming.
a y na ng. o nsan

Slmenstad said that the volumetr Ic method was also less precise than
taking weights, and Terry thought you tended to contr/bute more water
ta the volume when you added an organIsm.

Consider lng stomach fullness, Cail let mentioned that In studies of Lolilgo
stomachs, use of fullness index from 0 to 4 prov ded generally the same
Robin L
conclusions as the percent fatal dry we ght with few dl" Iew screpanc es.

n eBrasseur said he had once tried measuring the maximum volume of
salmon stcmachs by pouring mercury in them, but that they always distended
and subsequently exploded before they got full; their studies did show
that the maximum stomach fullness of chum salmon In the wild was 6$ to

14 t
?$, wh I I e experlmenta I laboratory feeding situations went as h I h

o 15$ of body weight. Ca  I I let wondered about the use of subJectlve
en as g as

sca es, especially the problems of "grey areas" with iona scales. Terry
explained that of their seven value fullness scales, only four were used
very often and the others represented extreme cases not t  cali en-
countered.

yp ca y en-

I-Ierbert Jaen icke said he had used the volumetr c method of Yenchers and
Herberts, measur lng zoop I ankton dry weight over volume but that It was
t ime-consuming and prone to error because of the need to poo I samples,
S lbert simply asked If anyone had done anything usefu  Ith th t
fulln w e percen
u ness Index; I.e., why measure It? LaBrasseur suggesled that It

could be mare useful ta record fullness as a percentage af the fish's
weight,

Steve Obrebskl compared the subJect'Ive ful  ness Index to that for percent
cover used by terrestrial ecolog Ists, saying that It had been shown
that there were s Iqnlf  cant differences In the estimate, depending upon
the observer, producing an element of error, He sugqested that It would
probably be wiser ta ga to same other method.

Lauvastu reminded the group Nial the Abderhalden series I-' thr German
i aeidbook of Biol aq  ca I k ethads, wh lch wns produced In Europe ln the  9PO's
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considered stomach analysis methods Including many of the same problems being
diSCuSSed. He COntlnued that ICES and FAO haVe alSO reviewed theSe methOdS
and that European literature should be checked, espec'lal!y the documeniat Ion
of food habits varlab'It ty In space and time. He also noted that thor' Is
crying need to summar'Ize the existing data on fish food habits and orlent
current and future studies on more practical Information, cl ing the luck of
knowledge of North Pacific squid resources as either food organisms thonselves
or regarding their prey.

Sandy Llpovsky asked the Nanalmo group If they used a wet weight: dry weight
conversion factor  no! and whether anyone had looked at annual or seasonal
variations ln such a relationship. No one knew of any data.

John El! san mentioned that separation of the food bolus without breaking up
the animals can be a problem and said that Re1sh's people used an extremely
f ne~eshed screen to wash lt over, separating the food organisms wlthnul too
much damage. He also sa d that he had never observed speared fish regurg'Itat-
Ing and that allowing them to "suffocate" appeared to be preferable to direct
preservation In formalin as far as reducing the chance of regurgitation.
Stephens concurred.

Word asked if anyone had ever seriously 'looked Into nel contamination of fish
stomach contents, by consumption of e'Ither net-caught Items or other fishes'
 regurgitated! food Items. Laevastu reported the Incidence of large and small
pollock being caught In trawls and the problem of interpreting the evident
cannibalism.

Word also mentioned the superiority of Keen and Coen's ukey to the geuerau
for ident I fylng small pelectpods,

Primed by a coffee br eak, the part I c I pants entered into a I I vel y discuss lan
concerning the optimum level of taxonomic I dent If lcat ion of pr ny organisms,
Word presented the view from the taxonom!st's angle, that prey should be
Ident'If'led to species, In fact all the way to sex If the stage of digestion
permits. H'Is argument was that there are. often distinct life history ar
ecological differences ln congenerics or between the 9 and 0 of the same
species  specifically citing amph ipods and cumaceans>, which would imply
differential exposure to predation. He maintained that the prey should be
taken ta that level and lumped back up according ta life history Information,
and that One ShOuldn 't "Slap SOmewhere a'IOng the raute and Say, okay, thiS
Is the most time-applicable approach to looking at stomachs,"

Others questioned the feasibility of this time-consuming and expensive approac 
as most of us are Involved In ecological rather than taxonomic studies.
Several suggested compromises In these analyses. Simenstad recommended a two-
t I ered system where subsaenpl es of representat I ve prey were retained after a
detailed sorting  counts and weights> procedure, to be ldentif I ed further by
a speclallst. Unfortunately, as several pointed out, quite often the specia-
list never gets them, Stephens suggested going to species when possible
according to the stage of digestion, as often as passible. This would then
require using the data In several ways, elimlnatinq data from certain kinds
of analysis, especially since the precision of the data "simply depends on
 the! purpose of the analysis aeiyway."
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Legrasseur wandered about the cost of such prsc I sion, est lniat lng that, given
a $25/hr spec la I 1 st takilng 40 hr per sample, a 20 f lsh sump l e would bring
the cost of $20,000 per sample! Word replied that the s
see ever thin thatery ng, a a severail staaed sorting process guafantees Ihat the
experts should only see 5-10$ of the sample. Word further
people seldom o or u er noted that

go back to the sample after the processing and uss what is
on the data sheet and thate an a s the most Important part of a study on stomachcontents. Ellison also reminded Word fhat, as a benthic ecologist, he
'Is Interested in everythilng that Is there while In our an
stomachs the em ha Iac s e emp asls Involves the major organisms of "interest" to the
predator.

Ge I' t I n down tg o the meat of the discussion, Obrebski pointed out that the
objectives of a food habit study determine the wa th
an , us, s iou d dictate the sampling design  e,g. sample sizes precision
about this Is thaty, .; ii nk one of the general prob I ems 1n agon l ln

people do not general ly have a sutf ic lent ly distinctIdea about what It Is that they are going to th d t
not suf f I c I o use e a a for; they areno su c ently familiar with methods for analyzing the data and, hence,
they are overly concerned with generalizable probl f I I
a a grea eal to the labor Involved and are counterproducl Ive for
k'Ind of I f
the reasons we are discussing ~ mainly trying t t I I t~, o op m ze ge ting some
I o I st les. n

n o n ormation within some fixed I lmits of cost d ths an o er aspects ofg s cs. Rather than accumulating a lot of data before looking for
the appropriate statistics, he felt sampling and other t ' h

esigne o make maximum use af whatever the appropriate statistics
*, d ~1'i id f h t th* bj* tt t . C

that althou h It Is ne e s. 'a et suggested
that the inter ret

ug Is necessary to say, with some reasonable. robablllt
i pre ation; and conclusions are right, people shouldn't get

so wrapped up in statistics that that is all they are doln ; the two
extremes should merge. o ng; e wo

St ephens cautioned that researchers shauidn't ne I ct 11 .t'eg ec co ec ing certains o eas iy obtained! information that may not seem useable at the
time, but may prove valuable later. Obrebski said that a d t tlt'I I

g nd ways of design Ing sampling less around hard-to- et dgoo sa can

niore Io mak e maximum use of a limited amount ot Information. S lbert andiar � o-qe ata and

Iiealey argued that there Is a certaIn amount of d t b ' th
s diets just for the sake of doing It, most of It worse than useless

and counterproducelve, when, In fact "the kinds f th d - th
«hat

e sorts of information they collect should be dlr ctl Ie rec y isle«ant to« a ever problem or hypothesis they are attemptln t t -hl
pec f Ic hypothesis to test about' the ilntersectlon of ths bloloq of a

predator and Its re . Hs prey. ealey else crltlc1zed Ihe use of words such as
c ono is ooqyof a

el eeti vi ty, earn >eti tion 'electivity, diet, over lap, prefe nred food ete,
«hen this Info rmatlon can t be from the stomachs, especlali couslderln
the biases of sam iln e.p ng gear and the true abundance, relative proportionand availabillt of P
this cltin y orgaiiisms in ihair canmunit les, Obrehsk1 t de >s suppor edng a California agency's mandatory requilrement for cluster
analys!s of benthic coew>unity data a technique whieli he consIdered use-
less out of context: whereas, ari intelligent ecologist's approach would

be to use cluster analysis to focus ef forts on maJor organisms In the
commun I ty.

While /Illen Indicated that species which coexist in the softbottom demorsal
comnunlt les tend to have dl fferenl' foraging behavior, Stephens ar<iuerl that
there apparently are different problems in rocky shore subi1dal corm ~ nit les
where they' ve obser vsd many fishes  seemingly! foraging in the same place
at the same time.

fiat lng the apparent switching behav lor in feeding by hexagrammus, as
evidenced In the arrangement of prey In the stomach, Slmenstad asked If we
cauldn't be getflng more Information out of our analyses. Obrebski oiled
�urdoch and others' investigations on optim'Ization of foraging behavior

said that many of these developments ln other areas of ecology are
not part of aur consciousness. Laevastu argued that If we accept concepts
such as selectivity, food preference, and food as a limiting resource,
when the modeler comes to programming and constructing a complete era-
system model, It ls necessary to account for all organism groups, Thus,
any Informat1on, quantitative or qualltatlve, should not be thrown away
but recorded ln order to provide some feedback to their feelings about the
model.

Healey closed out the discussion session by d1sagreelng with the generality
that fish populations are food-I imited and asked for evidence to that effect.





A PROGRAI4 FOR STANDAROIZ ING THE IDENT IFiCAT ION OF I4ARINE INVERTEBRATES

Jack Q. Word
Southern California Coastal Water Research Project
El Segundo, CA

Around wastewater discharge sites ihe types of organisms, their population
sizes and their d I stri but lanai patter ns are being used to determine the ex-
ient of change in the environment  Smith and Green, 1976>. In l973, the
Coastal Water Project examined the ecology of the Southern California Bight,
particularly emphasizing alterations In the kinds of animals living around
these discharge sites. It was thought that comparative analysis of these
data would provide valuable information, lt was later determined, however,
that not all of the changes observed ln species composition were actually
due to environmental changes; Instead, some reflected Inconsistenl nr In-
accurate Identlficatlons of some of the over 4,000 pecles of Invertebrates
In southern California.  Word and Charwat, 1974; Word, 1975; Word, et al.,
1976!.

In order to correct this problem and increase the value of these dala,
started the Taxonomic Standardization Program to facilitate the exi.liange of
taxonomic Information and promote uniform identlficatlon among l50 practic-
Ing southern California taxonomlsts,

This program standardizes the level of Identification and the name- used foI
each particular species through a series of publications and workshops with
various taxonomic experts. Workshops are typically scheduled every 2 months
at which presentations are made and keys are distributed among 30-40 par-
ticipants. After the formal presenfations the group of organisms under dis-
cussion are looked at in the laboratory and the keys critically examined.
information presented during the workshops, Including the keys, any modifica-
tions to them, and new taxonomic information are then published in the bl-

thiY~P* di ~ iih i i Si d di ti i~ hl t i *iid
to over 200 participants in the program, The proceedings are meant to be
stimulants for interest In a particular group of animal s and hopefully the
Interest created wi I I result In comments about particularly dl f f1 cul f cnup-
lets In the keys or specimens which do not fit the keys. They are addition-
ally intended to provide up-to-date, accurate taxonomic information,

Contribution Number 7R, Southern California Coaslal Watnr
Research Project
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An outgrowth of the Proceedings is our I inal document on i dani i f ication of
species graups, The invertebrates of Southern Callforrfia Coastal Waters  Word
and Charwat, 1975, '1976!. These volumes Include ail the necfssary Informa-
tion Ieg. flrgures, keys, glossaries, etc.> required by the non-expert tax-
onomist to quilckly and accurately identify specimens af the «pecles contained
In each book. All 'Information on each species has been confined to a single
page, contained in a looseleaf binder IFIgure Ia and Ib>. This will allow
us ia revise, add, or delete species fram the volumes withaui r eqult Ing a
complete revision of the publication.

We believe that the main reason for the success of this program has been our
d!rect interaction with the sc'lentists daing the identifications, By using
the knowledge accumulated by these scientists and thrauqh its sharlnq af
the workshops all of the active participants ln the program have Improved
their Identification abilities and increased their efficiency. Many of the
s stematlc problems recognized In past years have been corrected affd they emanal ys Is and camper i son of data col lecteci by the many di f ferent organlzat ons I n
In southern Cali farnl a Is becoming feasible.

Smith, Robert W. and Charles S. Greene, 1976, Biological communities near
submarine outfall. Journal Water Pollutlan Control Federation, Vol 48,
Mo. 8, Aug. 1976 pp. 1894-1912.

Southern Cai I fornfa Coastal Water Research Project. 1973. The ecology of
the Southern California Bight: Impl'Ications for water quality management.
TR l04, March 1973, 531 pp.

Ward Jack 0 197w Invertebrate taxonomy program Southern Calffarnia
Caastai Water Research Project, Annual Report 1975, pp. 67-66.

Word, Jack 0., Brad L. Myer s, Les I 'le H. Harr Is. 1976, Taxonomic Standard-
i zat ion Program. Southern Ca I i for ni a Coastal Water Research Program.
Annual Report 1976, pp . Ig5 196.

Word, Jack 0, and Danuta K. Charwat. 1974. Taxonomic standardization.
Southern Califarnfa Coastal Water Research Project. Annual Report 1974,
pp. 53-57.

Word, Jack 0. and Danuta K. Charwat eds. 1975. Invertebrates af Southern
California coastal waters I. select groups of annelids, arthrapads,
echlnaderms, and molluscs. Southern California Coastal Water Research
Project, August 1975.

Word, Jack 0. and Danuta K. Charwat, 1976. Invertebrates of Southern
California coastal wafers ll. Natantia. Southern California Coastal
Water Research Project, May 1976, 238 pp,
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bath coasts of Saga Calrfarnra.
It has been found in southern
CalifOrnia at San DiegO Bay.

Y ~ 1 '1 PP
,* fin
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2nd walking leg.
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carapace near the branchiai
chamber.

Figure la. Sample spec es s ei sheet from keys ta invertebrates nl
Southern California caastai waters
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Leander ritteri Nahili 1901, Nan pelae
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lena Bey, and f.n the Gulf of Calif to
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From Halmee I&95: Sen Diegox California. F REqUFIVCYQUFIVCY DISTRIBUTIONS OF FOOD ITEM COUNTS IN INDIVIDUAL FISH STOMACHS

Slbert
Department of the Environment, Fisheries and Marine Service
Paclf'lc Biological Station, Nanaimo, B.C.

Obrebskl
University of the Pacific, Pacific Marine Station,
Dillon Beach, CA

Stcmach contents analyses are conducted for many reasons, The results of
such studies are usually statements about the suite ot food Items consumed
by fish and statements about the amount of a particular food Item consumed
by a particular species of fish In relation to another species oi fish or

latlon to the same species, taken in a different sample. The state-
ments about range of food Items preferred are rarely, If ever, p er sented in
a simple, clear, quantitative fashion. Similariy the statements concerning

t f ti ular food item are rarely accompanied by tha additlon-
r vad dl f-al lnformat!on required to evaluate the sIgnificance of any observed d

ferences. eseThese observat'lans are not necessarily Intended as critic sms
but rather should be taken as comments and reflections on the comp ex y
of the problem.

In this paper, we report some prelim'Inary results of work in progress on the
variatlan of stomach Item counts between Individual stamachs. The purpose
is three o : o gef Id: I! t " t a feel" for the range af variation In a rather

d of data 2I to search for a method of representing the central
r the statis-tendency and dispersion for stomach contents data; 3! to explore

tlcal properties of the data prior to the application of multivariate
pattern-recogn onItlon techniques. We do not propose any definitive solutions
ta the problem, but we may indicate some promising avenues or ur or
Inquiry.

The data cons 1 st of the resu Its of the d I ssect i on and anal ys Is of approx.i-
mate y 17,000 fish stomachs collected from 7 estuarine areas an the Slrait

G Ia. The fish species involved are principally juvenile saimanid,,of eorg a. e i
herring, s c etickleback perch and sculplns. These data ware col lec e<



used for the preparation of environmental Impact statement I I ti
p p evelopments In the Frasei, Nanaimo, Campbell and C I hro osed d v s n re a on to
estuaries  Goodman and Vr e an ow c an Riverman and Vroom, '1974; Environment Canada, 1974, 1975!. Thisstudy begins a second <nore leisure 
of the data. surely, and perhaps more rilgor ous, examination

A subset of 14 stations In the N ne analmo estuar y on eastern Vancouver I s land
were In dee er w
was selected from the data base  Fig. I!, Four t Ig. , our stations �, 13, 14, 15!were n deeper water seaward of the delta face and were saei led b s
seine at both hi h and low tld e saeip e y purse

ow es. The remainder of the stations were fnier-da and were sampled by beach seine and pole net at low tide, All sam les
were obtained from March through July of 1973.
The Iaborator rocedurin these c y p ,dures for analysing these samples are di~ d b I iscusse y ask
th proceedinqs. The data subset discuss d th'

e same as that presented by Obrebskl nd S'b t Ic . , ' e in is paper fs baslcall
an . i er a so in these proceedings.y

Before bo innin the aig q e 1a lysis of the Individual frequency distributions, thedata set had to be condensed further. The fish
from 71 to 8 ITable 1 !. T e s species I 1st was shortened
entries was r'educed to 20 bo a e 1 !. The potential food category list contalnln '157ng
the total count bl n y a process of ra<iklng. Ranks were obtained fne or
orles. The ra bloi ass and Incidence for each of thu nri 1 I 157 t

g . e ranks were then summed arid the 20 Items having the lowest sumof ranks were selected  Table 2!.

Results

The final data subset < onsists of 1,712 fish stomactis. The contents of th
stomachs are summ r' con en s of thesedlfferen a ized In Table 3. Iliere are evident -Iml I r't da i ies anerences. but the significance of some of the difference erences Is Impossibleo eva ua e rom the data presented, except on the basis of Intuition. Figure I. Map of the Nanalmo River estuary showing sampling

stations

The characteristics of the <fata are perhaps be!ter ll lust<at
histo rams 4 of e er us rated by frequencyg; o such histogi ares are presented in FIgure 2. Ther rwo aspect f
the hi h ro rt'<s o ese distributions which are Immediately ap t, Fi t Iparen , rs s'9 propor ion of zero <,ounts. Second ls the long tall contalnln are lative I y I arqe number of axtr'emel y high cour<Is.
The high pro ortion of
by d lfferen fr'g p p ' of zero counts may be misleading sin< e It I I I t d
y ce from the total numbers of stomachs and the sum of al I non-scacuae

zero observat fons. It indicates ~ however that th f ' h~, a e is are probably ful  ome ing e se, since for m1st specfes, the proportion of total I em tstomachs was a I ways rather Iow  Table 3!. o a y emp y

The ion laf I ls s9 uggestfve of a contagious distribut ion, There are mancontagious distributions avaf labia In th t tla n e s a st i cs I I tei'ature and onecould contrive mechanisms of predator-prey Interactio whil h Idion w1 c wou produCep ' ar istributfon of food items in a fish stomach. That I
Inlerestln but often9, o en misleading, exercise; and it Is equall desirabt t

omac . a s an
fit some fre uenc distrlb
finn of the da a.q y s r utfon merely to achieve a parsfmonious co dcon ensa-e data. One of the best-known contagious distributions is thnegative binomial  NBD>. s r u ons s the

I D9
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Table I. List of fish sper Ies included In the data set
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Values of the patameter of the negative b Inomlal dist rlbutlon. Asterisks
'Indicate cases where departure from expected ls significant at the
P <.05 level by a Chl-squared test for goodness of fit. I3ianks occur
where there were Insufflclent data

Figure 2. I-llstograms of the frequency of coun su t In Individual fish stomachs
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The Chil-squared statistics on the hlstograms  Fig. 2! Indicate the goodness
of f It of ths data to the NBD. Table 4 contains maxilmum I lkel ihood estimates
 Bliss anf Fisher, 1953!, of the parameter k of the NBD, The agreement of the
data wilth the NBD seems generally good, although not as good as one would Iiks
for certain key combinations of fish and food species  eg. harpactlcolds ln
shiner perch and chinook salmon!,

One of the desirable properties of the NBD is that two other well-known fre-
quency dlstrilbutlons can be derived as limiting cases of the NBD  Fisher et al.
1943!. In particular, If the parmeter k ils zero, the limiting case Is Fisher's
logarithmic series distribution  LSD!. It can be seen from Table 4 that most
values of k ar'e rather low, suggestilnq that the LSD would more ac..curately rep-
resent the data. Thils dfstribuiton has been widely used to describe the
distribution of individuals in species and fts parameters have been shown to
behave In such a way as to suggest reasonable biological Interpretations,
 Williams' 1964!. Hopefully we can have the same success In this application,

The usual method of summarizing a set of data Is to c.alculate the mean  I.s.
arithmetic average> and ths variance  i.e, mean squared deviation! and these
two statlstilcs can be shown to contain as much ilnformatlan as the original
data provided certain assumptions about the data are satisfflsd. In this
case, these two statistics are woefully 'Inadequate. The bars on the hfsto-
grams Indicate the mean and 99$ confidence 'limits. If the sample size were
smaller, one caufd accept a hypothssils of zero msarr, which Is clearly a mis-
representationn of the data. Clearly, a better way to summarize this kind of
data must be found. These data are not normally distributed and no reason-
able transformation can make them so. The solution will probably !Ie fn the
properties of some other dist "lhutlon function.
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EVALUATION QF STANOF STAND!NG STOCKS OF MARINE RESOURCES IN TIIE EASIERN BERING SEA;
USING A STATIC-TRQPHIC NUMERICAL BULK BIOMASS MODEL BBM

T. Laevastu and F. Favorite
National Marine s sr esF I h I Ssrv I ce Northwest and Alaska 1 'I sher les Center
Seattle, WA

St dl stock size of any marine ecologl g p prau I s de endent,an ng
rowth, and on mortalityrecru menIt t on ecosystem internal cansumptlon an g

tes. Growth-rate data are generally avaflabie, as are ' gflshin and natural
it rate estimates. e ecos�ystem internal consumption can be deter-

th d for maintenance! and compositionmined b food requireme~ts  for grow an omne y
t f the marine ecosystem. A static-traph1c numer-of food of all components o e ma

onsum I ir;n IIcal Buik BIomass eMod I that computes the ecosystem interne I consumirl ir;n s
Iterative techni que to derl ve pi aus ibl e standingprograrrrrred and uses an

ca I rou s, using growth anr mor a i y
i abl'Iit of food 'Is the main factorModel computations indicate that the availability o oo s e m, '

Iim ng eItl th size of standing stocks of most ecological groups above herb-
ition ofIvorss; the need ar ur erf f th research on faod coef f iclents, compr s

food, and feeding habits Is emphasized.

Model results ind ca s a ; onI t th t; I ! anl y a sma I I fract ion of the annua I piryto-
e a Iclankton productfon s use d directly by herbivorous zooplankton arrd pe gP h bulk of this production must go to a rsgsnsrel ion cyclefish  <10$!, and the u o

b benthos  Table I!;Ink to the bottom where It ls consumed as detritus y en osorsn o e o
Is considerably higher than the2! the estimated consumption of zooplankton s

standing stock and pro uc and ti  as ascertained from avail able data! woul d
on data are de-atln that the resent quantitative zooplankton data are e-permit, Indlca ng a s pr

n in the sea; and 3! there must bef'clsnt and/or starvatlon is rather corrmron n s sea;Ic
and smal I elagic fish  Pacl f icconsiderable standing stocks of squids an sm p

It famllf.laei capel in, /rfaf fetus vi l Tosue; smelt, am yherring, Ctrrpea rrarerrgrza pa ei;

te a er b Lasvastu and Favorite is too lonq far reproduction in
ct with I fi urs and table arethe proces ngs.

m lets a er has been r eproduced as a Northwest nndp s ~ o p p p
Alaska Fisheries Center Processed Report and Is availa s y wr nq
authors.



Osmel idee; etc. ! In the Ber Ing Sea 1>3.5 ton/km and ca 6 ton/Iupon them. s y e ood requirements for other ecolog'Ica I grg oups graz ngI

Plausible standlnBerln Sea are g stocks of various ecological groups In th tn e eas em9 presented, In general, It can be postulafed that thcoefficients of the fishe s  both for growth and maintenance! are lo~er  !.e,,uae a cfood

fish Is more efficient In food utillzatlon! than assumed heretofore andthat a considerable part of the biomass of fish Is I r
which have hl h thg grow coefficients. o s s n recruilment Juveniles Figure I, Schematic fcod f low diagram for BBM model

maJor contribution � � --- � ---minor contrl but ion
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Table t. Annual mean cansumptlons, siandlng stocks, and rne
turnover rales  kg/km2! In Eastern Bering Sea  as
with SBM madel!

!faathly
standing stock

Ann
cons ursEcological group

36Phytoplankton

Zooplankton
 copepods, euphausi ds !

3,800Megaloplankton
 squids, etc.!

8,200SnraU. pelagic A.sh
 herring, etc.!

12

T60Large pelagic Fish
 salmon, etc. !

Benthos 200,000 25

�0 000+ �48 predatory benthos!

9,800

4,700

14

1/ All exclude Fishery
2/ Standing crop/consumption  excluding Mshery!
3/ mg/m3
X/ Predatory benthos

/ Total consunrptionn including consumption by predatary
/ Cannibalism and consuraption by raundiish, ~s   'i

ROun dpi sh

Flat fish

Others

�,000!~ l.OO F 000

�00!+ 20 000

A STORAGE/RETRIEVAL/PROCE SS ING SYSTEM FOR STOMACH ANALYSIS
AfID OTHER FtSH DATA

Ciarles A. Slmenstad and L~rry
Fisheries Research Institute, University of Washinqton
Seattle, WA

Elaborate, ecosystem-wide env'Iranmental surveys generate a profusion of blo-
lo Ical data which can e an eI h b h ndled only by computers. Such large data bsses

am Iex when they deal with the In-depth examination of the
p r y pInteractions between components of various troph c eve s an r

ship to the driving variables and nutrient Inputs responsible for their
e. This is certainly the case with food habits studies where themaintenance. h s s cer a n h sical and chemlca'Id'Iet of an Individual predator can be related to I ! p ysic

a r arne f e rs I n the en v ranme nI ment 2! temporal and spatial aspects of predation,
tp I f th uild or community of which the predafor is a par3! the composition o e gu ie re communlt , and 5! the4! th corn osit'lon and abundance of the available prey commun y, ane compos t bilit

rey spectra o conspec cf Ifi s and cohorts. In these circumstances he a ' y
p
to interpret a species o servei ' b d diet depends upon the ef ficient retrieve'I of
data subsets frcm a large, diverse data base and subsequent Input into a
processing system.

would like to describe briefly a data manipulation system presently being
developed a s er est Fl h I Research institute at the University of Washington,
which i s des gne a ani d t h die data fram an extensive survey of nearshr!~e

f d
marine fish corsnun es n noItl I rthern Puget Sound, including multi species oa
habits information.

Objectives af the System

The data manlpu a on an pI ti d rocessing system, called SSRP, Is designed ta
facilitate:
1. Screening of the data for unacceptable variable values
7. Sorting af fish data <Including stomach cortents! acc<ardlng ta temporal,

phys'Ica or c em cah I I variables associated with their collection
Retrieval of data subsets associated with a particular species, life
his ory s age, or ai t t or other fish characteristic I I.e, sex, egr ~ ienqth,
weight, etc.!
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4. Interfacing of these dale subsers with processing prograpns providing
statistical summarization

'5. Input of the sunmfar y values inta programmed plotting rout Ines.

The SSRP system components are respectively named UPDAIE, USCREEN, RIRS,
DA'!APROC, and SIHI'LOI, ihe camplefe technical descrlptla<fs of the SSRP
system and Its componenl's wiIII be available saon from IRI's Data Processing
Center. They will, however, be described briefly here,

UPDATE  Control Data Corporation, 1975! Is a system which is used to create
and maintain I ibrar les of pr<yqrams or data, UPDATE per mi ts olfe to mod i fy
single card image ir< 4 dai a base wl thout man 1 pul at ing the whole body of in-
formationn. Erroneous records detected by program USCRLEN < an be "withdrawn"
from the data base, corrected, and wre-Insertedn with minimal effort. This
facility Is Invaluable In deal'lng with a 40,000- or 60,000- record data base--
the alternative being to search by hand through 20 to 30 boxes of data cards
to find errors!

USCREEN I s 4 ser les of FORTRAN programs designed to te 1 whether data of a
certain recor.d type meet the range and value criteria speci f led for each
varilab'le. The testing for anomalous data Is of course directly related to
the precision of the screening criteria, I.e., the broader and more diverse
the expected values, the <nore diffiCult It Is to deteCt aberrant data. There
Is a separate USCREEN program for each record type In aur data base.

RIRS  Galeed 1975! Is an Informarlon retrieval system especially well Suited
to retrieving small data sets fram very large data bases. It ls organized
around a series of data blacks which are linked by a commcn set of variables
called sort key variables. RIRS empiays three types of retrieval functions--
serial, random, and indirect.

Serial retrieval functions sran In turn each record in a data set In order to
extract the desired subset. Typically, serial functions can operate on any
variable In a record, but are prahlbltlvefy expensive for data sets with
more than, say, IO,DOO records. Random retrieval functions operate on a data
base organized into separate data blocks and stored an a random access device-
for example, a magnetic disk. Associated with each data block Is a pointer,
which in turn is determined by the values of the sort key variables. Random
functions scan through the list of pointers only rather than all the records
In each data block; as a result these functions can only operate on sort keys,
but they are extremely fast and are suitable for data bases In excess of
several hundred thousand records.

Indirect retrieval functions are a composite of random and serla! functions
and operate as follows. First, a random function ls used ta extract a small
data block, called a directory, from the data base. The directory contains
non-sort key variables specifying callection and environmental Information,
In addit'lan to the sort keys. Then a serial function which may operate on
any variable Is applied ta the directory to obtain a subset of the directory,
ca'lied the sub-directory. The subset of sort key values which occur In the
sub-directory then guides a random retrieval function which extracts all
data blocks from the data base whose sort keys match a portion of this subset.

ta blocksthe sort keys th directory serve as pointers to other da
the data base. By comb n ng asI i f t random retrievals and slow serial re-

ntrlevals, one can economically extinct almost yan smal I data subset 1<I:m trye

data base.

IRVRVC yh I I I, I ~ I d t P" . I V r.a ramS whiuh Su<nmur I Z< indy
<Rfll form'In our data set. OATAPROC and USCRELN are ti<adtyp I I g 'form of data weI ggRP hf h tightly tt d t th typ donly parts a t S d fl-h investlgatlorrs, althnuqh similar
are acaccumu lat lng In aur r'uget aun - nvted for DATAPROC by changing its Input for<nar. Atdata could be easily adapted or r rams which describe andDATAPROC consi sts of three processing programs w c escpresent, ntal conditions of the collection  lnfor-summarIze I! physical and envlronmen a con i ion and theln the R IRS directory deck!; 2! ca!<.h carllposit lon an <e
mellon contained n e s and 3! statistfcaltlstlcs of the species' total abundance and biomass; anstatistics o e s

r b re or anlsm and overa , aII f the composition, abundance, and
s. A endix i provides example output forbiomass of fish stomach contents. ppen ix

each of these processing programs.

S IMPLOT  University of Wushlngion, l 973! s g, piS a ed<eral purp<x,a platt in<i ilra-

which roduces computer plots from sets of Inpu pIn t lot directives nnd x
gram wh c pro uce SII<4PLOT Is directed to displaying a varietycoordinates. In our case, Indices computed by DATAI ROC, as a func-f catch statistics and divers y n c de-a c tatistics and Indices include the mean, stander<tlon of time. These s a s cs an b ance wei ht, and numbervlation ~ and coefficient of variation of catch abundance, weiq
of species, an e mpd th Si son Shannon-Welnea, Hills, and Helps diversity
indices for abundance and weight.

ra I I structure and operat lon of the system are shown In f' i gure I,The overal s ruc ure an
The dotted arrow represents Information w c a sta errors; the dashed arrow represents Information used by the camiyuter oa d th lid arrows represent flows oi data nndaid In retrieving data; an e so
computed information.

Conclusion

SRP t i an economical and flexible system for slv< ing, relrlaving,
The SSRP sys em s ann and d Is laying Information from a large blolagicai data base,camputinq, and sp eying RIRS SI14PLOT! are very qeneral sys-of the s stem components  UPDATE, ~Some o y d d f r different data formats and variables,tems which can be readl'ly adapte ort f d with a wide variety of special purposeand which can easily be in er ace
error screening and processing programs.

LITERATURE C I TED
1971, UPDATE Re ference Nanua I . Contra I Oaf aContro'I Data Corporation,Corporation Technical Pub'Iicatlans Department.

75. RIRS: a randomized Information retrieval system.
Ga les, L. E, 19 39. 14University of Washington NORFISH Report Nl , p.
University of Washing on.hl t . 1973, SIMPLOT User's Manual University ol Washington

Computer Center Document W 00071, 56 p.
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Sibert replied, "Distr ibutions are similar except that the effects of
lumping data g 1ve more zeros and high numbers, I f you reduce samp1 o
size, It sti I I retains the general shape. If you looked at a thousand
f ish, al I cal lected on the same day at the same locat ion at the same
f ime, you would stl I I f ind a positively skewed distribution.n

DISCUSSION: SESSION 4; DATA f4ANIRJLATION
AND PRESENTATION

Responding to questions about the new Southern Cal lforn
Research Project  SCCWRP! taxancmic k

rn orn la Coastal Water

alth h th
axancmic keys, Jack Word explailned that

staff is addi
oug e keys emphasize the sop southern Gal i fornia groups, the SCCWRP

rel
s a s adding northern Cal 1fornla groups and I I I

lab le I iterature references. He said that th
s nc udln onlg

d d hs up group, e.g., Volume 2  Shrimp! Includes lnter-
eet In depth, Including midwater shrimp. Three of the 2

project people are Involved In taxonom'Ic studies--not a h1 h erc
As to subsequent volumes Word h hor says he has:

an ophlurold key �6 species! completed,

a mlcrocrustacea <cumaceans ostracod , ds, an pagurlds!
key partially completed and,

plans for a key to the major groups of invertebrate
organ I sms.

Unti I recenfl y, there has been I ittle interest ln fur>din u
th k ho I th fl t t o k

n pu s ing ls Increasing and appears feasible at this time.

During a discussion of the Im Ilca
Ca I I I I et mp cat lons of a lot of zeros In data, Gre

e asked of John S'Ibert whether, even thou h th reg

of numbers Is a measur f t n oug e mean of a group

if In a skewed array of data th
ure o cen ral tendency, lsn't It stll Is a fact that,

a a, e mean is a tot less because f
zeros'? Callllet further asked If It didn't st
of guts studied there were not v

n t still reflect that In a lot

th e median is simply half the dlsta
ere were not very many animal s7 5ibert re I led th tp e a

have any meaning, Steve Obrebski su
s ance n a total ran e ang d doesn t

uggested normalizing transformatlons
a o at nature but indicated that skewed

numbers of zer tillos s create problems,
ewe distribution and large

Bob Feller asked Sibert, "Are distributions of a lar egeo o « oe
erent than from 4-to 5-month pooled data7"
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pbrebskl reminded the group that most distributions of benthic organisms
look skewed and that is one reason a negative binomial is a widely used
distribution. The usual procedure is to normalize the data «ith the
Iog transfarmatlon and use the log-transformed data, keepinq in mind
that the log of zero doesn't exist and lt is necessary to add I lo each
number before transforming 'lt. Slbert reinforced his earlier thoughts
by slating, "You'd be better off lo use statistics appropriate to that
particular distribution or use a non-parametric method."

John Stephens asked, "For example, could one use the slope of the curve
of the frequency d'Istr lbut ion?" Sibert suggested that some two-par mneter
formui ae could be used to descrIbe such a curve. Stephens then asked,
uWhy would a benthic population necessari ly approximale that particular
frequency dlstrlbutlon7n Obrebski repl ied "Because the organisms ar.e
patchl ly distributed and, when you sample for patchy diistributions, some
samp I es have very few organisms and other samples have a large number ot
organisms. The variance af the distribution is the sum of the deviations
from the mean, When yau have high patchiness, then that variance is high
and you have a situation where the variance ts very high In proportion to
the mean." Although this Is from the point of view of community samp!Ing,
"usually the sampling d'Istrlbutlon reflects the actual dlstribut1on of
organisms In space," If the organisms are distributed at randem, some
other distribution, such as the Poisson distributian  iln which the var-
iance to mean ration Is equal! is the parent distribution. It should be
pointed out that all these dlstrilbutions are limiting forms of each
other, so that the value of k, as lt goes to larger numbers, soon begins
to reflect data which fit a Poisson distribution. The parameter k has
been used, for Instance, by Lloyd In an article on something called
"mean crowding" � which was in the Journal of Animal Ecology in 1967--ro
rleal with the problem of describing the patchIness of organisms in
space. Obrebskl pointed out that the underlying distribution In this
patchIness sif'uatlon was the negative binomial. Overall, the patchy
character of most sampling situations Is something that people should be
aware of because It detracts from the procedure of estimation which they' re
using.

Greg Cal I I iet suggested that indlvldua I stomach coni.ents are not adequate
samplers of prey Items. Perhaps one way to overcome th Is would be to
pool guts, say ln 5-gut intervals, so that the chance of having one
frequency class dominate the data would be less. Si Siimenstad observed
that It woul d be Intr lgu'Ing to measure overa I I prey distributions on
the basis of an entilre fish school, I.e., C matc aster sp. or Juvenile
chum salmon, compared to individuals passing hrough the same prey
community. Callilet agreed and also suggested that if one did that, It
might be possible to use parametric statistics and measure central

131



132
133

tendency to see If ranklngs were slmiifar.

Gary Smith noted that the problem of comparing s igni f leant dl f ferences
fn propart'lons Is much mare easi ly handled; f.e., the occur rences or
nanoccurrences af food items In the stomachs ovghf ta fol low a binomial
probabl I ity dfstrlbutfon. Then one can look vp the corrf ldence Intervals
graphlca I I y, Graphic determinations can a Iso be used ta determine the
sample size required Po meet proportion I fmlts when one has predetermined
precfslon objectives.

Jack Word asked Jahr! Eliison wlrether he showed that the two fish des-
cribed In hfs study were feeding differently. El Isan replied that,
although he showed that their numbers were sign Iflcantfy different, he
stiff !s sn t sure abaut the exlsience of competition, "Vou say these
things  wanting to test If there Is any competition! In the beginning
and then, when you finally ga through there, and you look at the data,
and you look at the statistics, and you read up on competition end
everything, you' re afraid to make any definite statemerrt, 'Yes, there
was competltfon,' I did show that the two diets were significantly
different; I found certain food groups which were essential in the
analysis in that they helped discriminate between the two diets. "

Brock Bernstefn asked Elllson ff he had any Indilcatlan of the mechanisms
of partitioning, such as feeding in different parts of the habitat.
Elllson described the different feeding morphologies and behavtors of
the whitefish and brook trout, Including the differences fn mouth structure
In th
 subtermfnal vs. terminal! and size of moulh and the fishes' p itlpos on
n e stream  an bottom In deep pools vs. In rlffles!, He said that

he also looked at differences In prey size frequencies, but that the
varilance within the stomach of any one fish was sa qr'e t that, lf
part It Ion I ng was based on size ol prey Item, It cer f a Irrl y d I dn ' P show
up In his data. He pointed aut that !he ccmmoniy eaten Items were not
necessarily of the same habitat, f.e,, those af terrestrial or fgln
 Hymenoptera for the brook trout! versus benllrfc <Insect larvae! for
the wh lt e fish. This asslrrrles of course, that al' the v irfabfes you' ve
plugged inta the analysis, you' ve included the most Important, principal
food Items.

Obrebskl asked El I i son about evidence of temporal changes In the I trmrs
that al lowed E I I ison to discriminate between the two f I shes' diets.
El I i son repl led that he Intended to look at the feeding per iodl 't fg per o ci yo

e wo f ish to see If it corresponded with the resvrts of Banker' s
work in Convict Creek, which suggested that f fsh feed a I I the time but
possibly stop feedirrg just before dawn. El I f son said tfrat his sampl fng
over 24 hours, however, provided no obvious trends; feed'Ing ln bath fish
was apparently at randem, with both fish feeding most af the time.

Asked whether he could detect temporal changes in the rank order dls-
cr irnlnatar with change In time, diet i tems di safrpear lag, etc., Fl I lson
conn!en ted that the drift fauna and benthic fauna--the food groups that
constitute the principal d!scr Iminators--change raplrlly in a short per lod

of t fme bvt the overa I I diet compositions remain bas Ical I y the same. Ile
dfd examine summer-winter differences In whltef ish diets and found, nrrt
surprisingly, slgnff fcant differences there.

Obrebski noted that several papers by Roger Green In Ec~olo dacurnerrted
the use of the discriminate function In ecalog ica I app I i cat lons, I.e.,
ef fact of tempora I changes In environmental var labl es that af feet the
structure of biafog Ical conmrunlt ies.

Ell'ison said that he Is now Involved In a project rgatherlng data frown
f<lng Hurbar <California! where they are accumulating both frequencies
for prey organisms In each food group and an estimated percentage of
stomach volume the investigators are interested In combining boih kirrrf of
data with a view toward getting a more va!Id indicalor than can be
obtained by using enumerated or valumetrlc data alone. Along this IIne,
Obrebskl brought up the work of Schoener and others on optimal foraglrrg
strategies because Obrebski felt that the Issue under discussion directly
related to what fish theoretically optimize during feeding activities.
Under this approach, the ultimate thing is net caloric gain relative
to caloric output In obtaining faod; that ratio should be optimized and
thus the optimum measvre would be a canversion of biomass to caloric
equivalent.

Gancerning Talvo Laevastu's discussfon of a bulk biomass mode!, Gary
Smith questioned the sensitivity of the standing stack estimates to smal
differences in food abundance and growth coefficients. Laevastv replied
h t th tending stock Is very sensitive to the growth coefficient sa

tian!that, In order to Ilerate to a steady state <within annual fluctua an
you have to take the growth coefflcfent ta the second decimal paint,
Obrebskl suggested that such a compartment model is typically very
sensitive to the respiration rate and since It Is very difficult to
measure this In the marine environment, the vse of that technique
usually greatly underestimates the actual rate. And ~ as a result,
Obrebskl doubted whether we had ~an data on energetics of communities ol
any sort that can do anything other than create a model af that sort as
an academic Inquiry Into factors that might affect siablllty In ecosystems.
I d fense of this "exercise," Laevasiu noted that when It comes to
management decls'lons, we hadn't time to wait for determination o a
critical coefficient ta the s'lxth decImal place and that this model was
a step toward providing some of these answers now. He also sa'Id that
the use af respiration rates from the current literature was solely to
set limits an the system.

Laevastu asked Slmenstad If the nearshore fish data base currently being
complied by the University of Washington's Fisheries Research Institute
 Ff I! might be compatible with the Northwest Fisheries Center <NMFS!
data base. Slmenstad replied that both the data format and the pro-
cessing software are quite fiexlble and shouldn't pose any constraints an
ccmblnlng or ccmparlng the two.

In a general discussion about the kinds of data that should be col lectad,



all agreed thai the measures of diet composition to a large extent de-
pend upon the question being asked, If ane is Inquiring about the
selectiveness af the predator, it is necessary to know the size and
number of Items; If It's the "Importance" of a prey I am, you need a
comblnat Ion of numbers, volume and frequeiicy of occurrence; and ff it' s
regarding the nutritional or troph'Ic role of a prey item, biomass
and/or caIarlc values are required. Calli Iel painted out that many
of these parameters are alI combined in the Index nf Relative Importance
 I.R,I.!.

Returning 'to the quest lan af the appl lcabi I I ly of the I rophlc madel
described by I aevastu, Sfelner mentioned tliat there ni e  uiidarnsnta I
problems associated with these types of models, that they are dynamic
only as a thermostat on tlie wali Is dynamic. A fhermasrat has a fixed
rate and the energy going through ls modulated aroiind t hat, whereas,
biomass estimates are variant temporally and spatially such that, as
Steiner noted, "Even If your b Iomass estimates are right on the nose,
then you' re still not dealIng with dynamic terms because your 'system'
Is being driven by static Inputs, e.g., biomass values, qi owth co-
efficien'ts, etc.." Laevastu described details of how he thinks the
model compensates far temporal changes although there are some options
that would be difficult and expensive to handle, Iike considering
year classes of dominant species. As It Is now, it has taken 30 hours
on the CIX 6500 to run Just one cycle!

dim Allen questioned the validity of always lumping prey Items according
to taxonomic characters, which he saw as leading to many errors,
Instead' he praposed,i syslem of grouping predators according to
morphological characters Indfcatlve of the predators' food hab'Its. Thus,
once you had the predator and the food items Identified to species, you
could sort out the prey organisms with appendages whicii indicate active
swi>rmers, burrowers, crawlers, etc.. Allen went on to suggest that If
you were to take this approach you might not need fo ildentify a prey
organism to Its taxonomic limit; yau would look at the prey organism's
morphology as an indication of its activity in the environment.
Cailliet cited another example, Brooks and Dodson's classification of
capepods into size c'lasses and comparison of predator mouth size and
s'lze of copspods eaten. Obrebskl recounted his experience with the
Brooks and Dodson data, He calculated the dfversity  Indices! af
ua'lewifedn and "alswltelessu lakes to test the hypothesis that selective
pt sdatlon would affect the plankton crmmiun Ity by increasing diversity.
At that time no one had developed equations for calculating expecta-
tions and variance for the Shannon-Wiener function so they cou/dn' t
detect significant differences. Obrebskl found that 'ff you corrected
for 'lake size and depth  which affect diversity!, lakes with alewlfes
did have higher diversities. Co'iln Levlngs told how he used mean we'Ights
of prey faund in flounder stomachs to generate frequency histograms of
numbers af organisms 1n specific weight categories. He compared
histogram curves for «hat was In the guts versus what was In the environ-
ment  grab samples! and found that It coincided during several months,
Takfng it further, Levlngs discovered that cutting off t' he upper and

d that the whole conr>iunlty changes when fish movedlower limits Indicate a e w
In and grazed own s coiimid d th conmion Items  of 77 total species, e po yc a.
species were preferred!.

d th t f I h stomach could be treated I ike any select lvnAl len suggested tha a s s omler--trawl, grab, etc.� such that a lot of the same community
se I d t th data, Cal I I iet pointed out ih,il this

ct I what H tub I di d I the ~Eco1o �974! pap di s Ion
d that each 'Indivlduai stomach was narof lizard food habits. He assume a e ch wau I d ria1

a random sampl e u a very seI b t y select sample; an Individual stomach would ria
It buf when stomachs were pooled, there was ahave all the prey ems, u embia e

pooint at wh'Ic e poo e sh th I d tomachs would represent the total assam q
t were found In ths populat1on as a whole and at thar timeof prey that were foun n s tc., Cailliet suggusiedId compare two species, two locations, e c., ai iyou cou camp

that this points out several ways of comparing p yn re assemblages, from
which is what a lat of the similarity indicespresence/absence data, wh c s w s however Slbert'suse, to tha use of proportions. As we' ve seen' however, er s

lk illustrated a may eth t b the ranks by proportions aren't so realIstic.
Caliiist went on to point ou ai t t that lf we can get around the specific

we' ll bet b Slb t and generate some ranks, then we I e
prroblem brought ou y erk b I I larlty Indices that deal with relet lvsa ble to compare ranks y s m arh t nd our uss of rank correlation techniques.proportions, and thus ex en our uss

rau then aut ne ed th various stat istical techniques appl i cable ta
t anal sls. Cal I I 1st questioned the possibi I itles of using a

i diff t i
the ex ected.stwesn different predators, setting up one predator as the expec s

d makln It an hi x N contingency. Rabin LaBrasseur
re iicate ump samples,

mentions ad that they were using Chf-square to test r ep ca p
s t turns our each p sipIf the t'irst was the same as the last; as Ito see esample was an Independent one. Callllet said that a lot of simi larity

have been used In taxonomic siudies to compare an array of
erha s ou could thinker i c rac ers In one species to another; ps p y

eln re categories, Calliiet also noted t aof these In terms of be ng prey
e was a a er in Ecology by Sale �975!, who lnc u e

th um af ths praport lan of a prey item inEucl i dian distance  which 'Is the sum a
t m'Inus the sum of the proportions'I of that Item In anotlier

redator! and derived significance 'levels to comps p y pare re s ecles

composltlan In ree s ss. enf f I h . Wendy Gabriel ment ioned that Over ton
ortions as

 Forest Ecology,, OSU! h dave'loped a program treating proportionsas is a
vectors, where e cos ne oth I f the angle between the two vectors is

ion coeff lclent; Obrebskl brought up the use of I4arasi a s
a matrix format Bob Feller suggested using

sama o e af the ardfnatlon classification tschn'Iques, 0-mode an -mo e,
li d ln the basic statistical ecology texts s cu h as Pools �974!,

out ne n e
bskl noted the uss of the scaled Koimogarov s atai istic which cari be

Obre s no e distr Ibutions but, given a large enougti sampleused to test size frequency s r u on CaiiiieiI I t el we s shaw di fferenl sign'I I icanl f fgures. a i esize, will almas a ways s a ues i.e. S sarman and
asked a ud ba t the use of rank correlation techniques, i., p

134 135



Kendal I; Simenstad recommended that a ccmblnaf ion of rank cor relation and
overlap Indices  using Shannon-Wiener!, both of which have establ ished
tests of s Igni f icance, may be necessary to detect shl fi s ln prey orgenl sm
rank and diversity of the prey spectre.
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DIET OVERLAPS IN COMPET ING F 'ISH POPULAT IONS IN THE
NANAIMO R'IVER ESTUARY

Steven Obrebski, University of the Pacific, Pacific Marine Station
Dillon Beach, CA
John Slbert, Department of the Environment, Fisheries and Marine Service
pacific Biological Station, Nanalmo, B.C.

An expanding ecological theory concerning factors affecting the composition
and stabilIty of natural communities exists  see May, 1974; Cody and Diamond,
1975; Goodman, 1975 for recenf reviews! and a major goal of ecology Is to
test its validity. For example, when sufficient Information on resource
utiiizatlon by competing species and resource production is available, Ihe
use of competition theory to pred'Ict species abundance Is feasible  Pulliam,
1975!, lt Is of related practical Interest to know the degree to which
marine fish compete for food resources, For insfance, the stickleback is
known to be an Important compet'!tor for food of the sockeye salmon  Foersier,
1968!. Fish food habit studies might not only provide informailon for test-
Ing ecological theory but also for op1imlzlng fisheries management procedures
If methods for m'Inimizing competitive food utllizatlon by other fish and en-
hancing growth of exploited fish populations could be developed. Could
selective removal of adult stlcklebark Improve growth rates of younq finger-
ling sockeye salmon 'In lakes or Juvenile salmon in estuaries'? With such
Ideal long range research goals In mind our purpose In this paper is to out-
line some of the problems of measur Ing food resource over'Iap In co-occurring
populations of various fish species ln the Nanaimo River Estuary on Vancouver
Island, B.C,, In Canada.

Samples of 9 species of fish were collected ln the Nanaimo River Estuary In
1972-1974. Generally beach selnes were used In shallow interf Idal areas
and purse seines ln subtidai areas. Data on diets of fish collected every
2 weeks between March and July, 1973 are available. This information forms
the basis of the present analysis. Details of sampling procedures and
Ident'Iflcatlon are available In Anonymous �974!. The data Include 79
samples of Individual fish species with counts and biomass measurements of
qut contents for over 100 diet species. The tish sampled were herring,
spine st Ickieback, shiner perch, Pacific sand lance, prickly sculpin, I'acific
staghorn sculpin and Juvenile chum, chinook and coho salmon.

The sampling stations are shown In Sibert and Obrebski  these proceedinqsl.
Four stations �, 13, 14, and 15! were in deeper water and were sampled w'lfh

139



c>
2 Px

+ gp

20

cn
c>

10

IL
»I
nn

E K

140 141

a purse seine. The remainder were Intertidal and were sampled by beach seine
and pole ret at low tide.

We were interested in measurIng the amount of competition for food resour
betw een the Juvenile salmon and the other 11sh species sampled. To estimate

resources

diet overlap we used an index oi association due to I>iorislta �959!. The
Index C Is where x and y are measures

z

of the propOrtions of the I toed Category Or item IS species x end y ra-y>
spect1vely. The data used wus the percent biomass of diet iter>s for all
items represented by 0, If or n>ore of total b1omass in a partlcul }r fish
species. The Index C varies from 0 when there are nn food ite>ns in conn>on
io 1 when ail food Items are common to both species and occur. In the same
proportions,

A serious problem tn any comparison of diet overlap between any two species
results from the sensitivity of iten> abundance to the number of specimens
from which the dial list is obtained. In Figure i we plotted ti>e number of
diet Items in samples of fish species against the number' of fish upon which
the diet list was based. The results suggest either an exponential or power
curve retationshlp between number of items observed and Iisi> sample size.

0 20 40 60 80 100 320 t40

ffUMBKB OF f ISB  f!

Figure i. Relationship between the number of Items observod In the diet of
a sample of f1sh and the number of fish upon which the esiiimate of diet Item
number is based

Lees t squares fits to the data graphed yielded correlation coeffilcients of
p,49 for an exponential regression and 0.68 for a power curve, boih coeff1-

, cients being highly significant  p <0.001!. We chose the power curve to rep-
resent the relationship because of the higher correlation. The great amount
ef scatter around the regression should also be noted. On the basis of this
~ na ys Is we eliminated samples Involving fewer than 10 fish In comparisons
z>f diet overlap to reduce the effects of small sample size In underrepresent-

th number of diet Items. Since the index used is based on the numberng eitems In common we wanted to decrease potential variation in overlap due
to variation In sample size.

Caicul at lans of CZ for f I sh col l ected in the Wana lmo Ri ver Estuary are sum-
marized in Table I from which a few single species pair results are omitted.
Inspec on octlon of the table shows that C varied from 0 to 0.99. Of particular
interest I s the recurrence of very high Indexes of overlap between chum
salmon and 3-spined st ickleback Indicating that at times these 2 spec les
s are manhare many of their food Items and take them In slml I ar proportions as meas-
ure yd b food biomass. We chose to focus on feeding relailonships bet~ace
fh 2 fish. Calculations of C for all dates and localities for chumese r ulsalmon and st I ck I eback wer e made irrespective of sample s I ze. The resu ts
are summarized ln Table 2. To test the potential effect of smal I sample
~ ze nIn reducing C we calculated correlation cofflcients between sample size
and CZ ln two ways. First, correlations between the sum of numbers of both
species of fish and C were computed. Then, correlations between the number
o raref arer species and C were made. The correlation coetficients were not slg-
nif leant In both cases, suggesting that samp I e size Is not a serious problem
in this case although it should be kept in mind that a correlation coefficient
would have to exceed 0.5 to be slgnl f leant if based on 14 pairs of compari-
sons. Inspection of Table 2 indicates that one half of the estimates of
overlap are 0.80 or higher. While diet overlap between the 2 species is
often very high, tempo~el variations are often considerable also. Varlatlons
I C within spec'les sampled ln different localities are also evident. Chum
salmon and stick leback In subt I dal and lntert lda I stat lons are compared for
the I- 15 June 1973 sample In Table 3, While chum and stickleback In sub-
tldal localities have an index of overlap of 0.99, within species overlaps
for the 2 species from the different stations were 0,13 and 0.23, respect-
ively! These considerable excurslons In diet overlap and variations within
spec esacies from dl f ferent local lt les suggest that rap'Id and extensive changes
ln feeding behavior may be taking piece over short periods of time. The
foregoing analyses emphasize the need for standardization of sample size be-
fore extensive surveys of feeding competition between natural fish popula-
tions are made. Recurrent high values of CJ strongly suggest that the
stlckleback Is an Important competitor for food of the chum salmon, but how
reliable Is this measure as an Indicator of competitiont It mIght be con-
jectured that If food resources are not limited ~ and if feeding efficiency

In part density dependent, mixed species groups might Increase feeding
efficiency of both species. For Instance, mixed populations of chum and
st!ckleback, feeding on benth'Ic faunas, might Increase food availability
for both species by Increasing d1sturbance of the substrate surface. Both



TABLE I  CONTINUED!TABLE 1

DIET 0VERLAP BETWEEN FISH SPECIES IN NAFIAII40 RIVER ESTUARY, B.C. IN
'MAY TO JULY, 1973

Legend: 3SST- 3-Spined Stickleback; CHIN - Chinook ; SHPE- Shiner
Perch; PAST- Pacific Staghorn Sculpin; PRSC- Prickly Scul fn; HERI-
Herring; Morisita's measure CI is used throughout. No comparisons
are made where one oF a pair of fish is represented by less than 10
specimens;  *! - 0.01 Ca~0,001;  **! - Cx<Q.OOI; N- No. specimens,

1-15 June 1.973 Subtidal Stations
COHOCHIN3SST

C.z40. 99

0,00

0.26

COHO PAST
CHUM 18

3SST 44
0,81 0,81 0,02 0.12 16-'30 June 1973 Subtidal Stations

0.97 0, 0'3 0.12 CHIN3SST
SHPE 26

COHO

PAST 26

0,04 0,13 0,180.12HERI 100 0.07

CHUM 52
0.13 0. 80

3SST 70

88

e e e vevv $$R s $4 sz ~

CHUM

3SST 71

cHIN 32

TABLE 2

DIET OVERLAP BETWFW CHUM SALMON AHD 3-SP!NED STICKLERhCK
0.21 0,05

0,25

Data
Runner

C A CHUM '3SST cl
CHIN SHPE PRS C PAST 18 18 0.95

26 3

0.08

i-j 5 March 73

16-31 March 73

1-15 April 73

0. 35 0.>6
0, 5'3

0. 31 0,04

29 2 0.10

0. 99

0. 80

74 33

700,0016-30 June 73 2 17
1-1 5 July 73 1 17

SHPE PRSC
0,03

0,08 0,39
1O16-31 May 740. 17 0,14

0,60 TABLE 3
WITHIN SPECIES BETWEENSTATIOHS OVERLAP

1 - 15 June 1973, CA for Intertidal  I! and Subtidal  S! Localities
CHUM I! vs, CHUH S! - 0,13 CHUM I! vs, 3SST I! - 0.21
3SST I! vs, 3SST S! 0,23 CHUM S! vs ~ 3SST S! - 0,99

BXR s '5 � 5N--8 ~ 0 1-5-5 v ~ v 1

t42
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16-31 May 1973 Intertidal Stations

1 -15 June 197'3 Intertidal Stations

16-30 June 1973 Intertidal Stations

ISST 17

CHIN 13

SHPE 13

PRSC 78

PAST 11

1-15 July 1973 Intertidal Stat iona

MERI 23

3SST 17

SHPE 144

PRSC 30

0,07

o,69

0.39

0.72

HRRI 43

74

3SST 33

12

coHO 15

16-30 April 73

1-15 May 73

16-31 May 73

1-15 June 73

Intertidal Localities Subtidal Localities

zi 5

12 0.96

44 0,81

O.21
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species would then have high diet overlaps but artltlpar on resources in some
o er way. n FIgure 2 we present another method for comparing the feedin
of these 2 species. Food items for the times listed ln 1 bl 2
ed for each s ecfes

s e n a e 2 were arrang-

dicated b their on
spec es according to the order of decreasing !rnportanc I

y contribution to the percent of total biomass In the diet,
ance as n-

Succeedlng biomass percentages for these serially arranged Items w
u till he sums accumulated to 90% or more of total biomass. The successive
sums were p otted agafnst the serially arranged items In Fi ure Z. Th

n of the 14 cases the chum salmon required fewer llems to
accumulate 90$ or more of Its biomass. This suggests that In comparison to

F lgure 2 Feeding selectivity and special i zat Ion In chum sa lmon  o! and
5-spined stickleback  o!. Cumulative percent biomass of food I!eras ls
plotted against food items arranged serially In descendin d
tion to total fo Io o a ood biomass. Note that It general ly takes fe~er food Items

the stlckleback,
to accumulate 90$ or more of total food biomass In th h Iss n e c um salmon than in

the st I ckleback, chum are spec la I I sts, concent rat ing on fewer food Items ro
get most of their food. Thus, while the measure of overlap fluctuated con-
siderably, being high only half the time, chum specIalized more than stlckle-
back ln 70$ of the cases examined. We have no information about the actual
locations of these potentfaily competing populations while they are feed!nq.
When diet overlap is high, It would be of interest to know if the species
feed In dIfferent places or at different times.

The foregoing analyses Indicate that rapid changes ln diets of fish species
can occur in short periods of time. While chum salmon and stlckleback harl
hfgh overlaps  C - O,SO! In half the samples analysed  Table 5!, the rnsi oi
the time overlaps were skewed towards rather low values   '. < O.Z!!. Olelh-

overlaps shift radir ally and frequently and are slewed tower d. el thrr high r .
low values. When feeding special izat ion 1s compared swi tching in the degr ee
of spec! al I zat 1 on a I so occurred a I thouqh the churn appear ed generally to be
more speclai Ized than the stlcklcback.

There Is evidence for the existrf>ce of short-term functional responses to
changes In prey density involving sw itch inq of attacks by pr edators to con-
centrate disproportionately on the more abundant prey  burdock, Avery, and
Smyth, 1975!. Werner and Hali �974! showed that size selection of prey In
the bluegll! sunfish Is related to optimal allocation of time spent on seat-ch-
ing and handlfng prey. At low prey abundances different sizes were eaten as
encountered but at high denslf les larger prey were selected, Ivlev �961!
surrmarlzes data showing that at low densities fish electlvlty for food items
decreases to zero. Beukema  !968! found that an important characteristic of
stlckleback pr ey searching behavior was its non-random movement. The fish
avoided re-visiltlng areas recently foraged' most fish restricting their ac-
tlvltfes to areas where prey were abundant. Keenleyside �955! found that
sticklebacks guided each other to areas of high prey density! These studies
'Indicate that complex behavioral factors have to be considered in interpret-
ing fish diet data. We speculate that group. oi fish species feeding In
areas like Nanaimo River Estuary might not only partition resources In varir>us
ways  Schoener, 1974, revtew! but could change their feeding habits radically
and >.apidly over short periods of time or over short distances associated
with rapid changes in food densIty and composlt !on. In mixed groups nf fish
diets may not only change as a result of competitive interactions between
species and changes ln food availability. It Is possfble that mixed species
groups mfght facilitate their joint feeding efficiency. For instance dense
mixed groups of fish could make more benthic prey available by sufficient
d'isturbance of the bottom than would ordinarily be available at lower densities
of only one feeding species. Such possibilities could be evaluated from
experimental and field observations of feeding of mixed groups of species.

Anonymous. 1974. Environment, Canada. Environmental assessment of Nanaiirno
Port alternatives. Lands Directorate, Canada,

Beukema, J.J. 196B, Predation by the three-spined stlckleback  Gaatezv>stews
acufeatue L.!. The 'Influence of hunqer and experience, Behaviour 5l:1-126.
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Understanding the dynamics of marine food wsbs involves an eiucidat Iorr af
the fates of blamnss produced by Invertebrates. Thorson �966! concluded
that f sh predation had a minor Influence on the population dynamics of ma-
rine Invertebrates, but data gather'Ing In many local studies emphnsizss Ibis
particular route <especially via juvenile salrnonids! far biomass loss.
Changes  decreases! of prey populations frequently coincide with the arrival
af migratory fish  e,g. Muus, 1967!, providing an inference that fish are
"controlling" prey canmunlties.

An examination and review of ths I I fs history and ecological features of twa
species of garnrnarld amphipads demonstrates that an understanding of second-ary production requires data on a varIety of processes in addition to snlmonid
predation. Especial!y ln estuarine habitats, suggestions that biological
interactions are a primary factor in modifying benthic cornrnunit les nre i'conflict with theory stat'Ing that these assemblages are physically "controlled"
 Sanders, 1968!, Recent resenrch on certain of these topics at the Squami,h
River estuary In British Columbia shows ttat tidal crsr.ks are useful nxprrl-
mental tanks for in situ studies.

At the Squamlsh estuary, the amphlpod Aniaogarnnarsre aonfezn!icaLurr has eco-
log'ical features that snab'le the species ta minim'Ize predation by fish,
especially juvenile salmonlds. The biomass distribution of the amphipad is
related ta river flows, since portions of this species populat Ion are "ex-ported" and retained according to prevailing currents and habitats  Levlngs,
1976!. The nmphipad's distribution ls also closely related to vegetation
patterns  especially sedge, Carvrx Lyrrgbyei !. providing refuges for thespecies at both high and low tide. Clumping of prey  e.g. In refuges! can
reduce predation  Taylor, 1976!. In addition, structurally complex environ-
ments might decrease the foraqlng efficiency of salmonid predators; Ware
�972! demostrated that trout forage less efficiently ln more complex
habltats. Tide poals are relet!vely uncommon ln the estuary, sa the nmphipod
is almost totally unavailnble to fish when the tide Is out.
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These features seem to "buffer" th
saimonld predation. Lif h'

eamhl od op p p pulatlon form the effects of
n. e istory observations on A. n

biomass increase  Fl
on A. eonfetnrieolus show that

  h 00 o !r fr !c t !
g, a can occur at seasons when u

May; Goodman and yroom, 1972!.
@no us eta! are most abundant lnln the estuary  Aprl I-

prey for the young chum salmon. C ttld
Juvenile amphipods  Fi<, lb!

n. o ds  maInl Le to
'q, are the main

oI Jo fl h�nl I i th. 0 ors n he esfuary  Lev ln io
invertebrates are rare In th te estuary.

Figure lag a. Temporal change In b I omas
oT tt .S q Ish estuary  central

tide In sedge rhizome mats  qua rats at low
sec or!. Sam

d 951  fid f' It f or eac sample are shown.

". /n contrast, the population dynamics of an Atlantic arnphipod  phntis reirrhItrr!i!
ilying In marine, subtidal habitats, reflects the effects of seasonal fish
predation by w Inter flounder  peeudopleuronectes ccnericanus!   .ev inqs, 1 97rl! .

flounders, which were 'the most abundant f'Ish predator ln the study area,
Ismigrated to the habitat when the amphipod population was dominated by ovid-r

oues females. The predators removed these large individuals, thus contrib-
uting to 0 decl lne ln b'lomass  F Ig. 20, b!. P. rein!randi has fow rofuqIIs In
Ita habitat. The amPhlPod builds diminutive burrows, bui I is level-bIII tI»4
muddy habitat Is relat I ve'ly unstructured, so that the species Is more acces-
sible to predation. The habitat Is subtldal, so fIsh predators can operate
more consistently. Several predatory species of invertebrates  e.g, nereid
polychaetes and nemerteans! are present,
Oats on mortal ity routes are required to ca I culate secondary production, end I t
ls of interest to compare the siqni f 'Icance of the vari ous factors for the two

Figure Ib, Tempora I changes in frequency of ]uveni les and ovi ger ous for»ales
for A. eon feruicafws at the Squaml sh estuary  con l ra I sector!, Juvr.n i le,
defined as organisms passing through a 1.7 mm mesh screen.
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amph1pods. For a given time Intel-va!, lnstanteous mortal ify late  m! can be
dissected as follows;

An>',acga»znarua confer uo'.cc>t»e > 'm = Sp + Cp + Ap + I. f N, where
Sp = salmon pl edat I on, CP = cott id predat I on, AP = avian   b i r<il pri d,>lion,
L = loss term due to tidal "export" from the esii>ary, and N = "linlurul"
mortality  disease, senescence!.

P!>obo'e rein!layoff: m = Fp + Ip + N, where
F = flounder predatilon ~ I = Invertebrate predation, and N Is as aiiove.

MeaSurement Of the lOSS term far the > Stuarlne amphlpOd IS a majcr di tl ieul fy,
given the vagaries of estuarine circulation.

Tidal creeks penetrate the marsh habi tats at the Squamish estuary, ai><l ihnse
features have been used as experlmenta I tanks In f 1 sh feeding experinier>l;. A
beach seine was used to block the seaward end ot the >.reek. At higli
4uvenil le churn salmon conditioned In the I aboraf o>p to a val lety of pr ey were
Introduced behind the net. Through careful select ion of times and tides, ex-
periments lasted up to 14 hours, spanning light and dark conditions. lish
collected at low tide when the cre>.k drained, and about 20$ of experimenlal
fish were recovered. More fish could he recovered If concrete or wooden rlms
were constructed, Preliminary results show that juvenile chums fed mostly on
the organisms they were condftloned to. The technique could be used to
determine rates of a number of feeding processes e,g. consu>nptlon.

Goodman, D, and P.R. Vroom. 1972. Invesf i get Ion into f ish utl I ization of the
Inner estuary of the Squamlsh RIver. Envilronment Canada, Fisheries arid
Marine ServilCe, VanCOuVer, B.C. TeChn ICa I RepO> t NO. 1 972- I 2. 52 pp,

Lev ings, C. D. 1973. intertidal benthos of Squami sh Estuary. F Ish Res .
Board Can. Manuscript Report No, 1218. 60 p.

1974. Seasonal changes in feeding and particle seilection by winter floulider
 Pae»dople>oronecbee amer>',can»eJ. Trans. Amer, Fish, Soc. 103:828-8U,

1976. I>!ver diversion and Intertidal benthos at the Squamish River delta,
8 itlsh Coiumpla. Pp. !93-204 in Skreslet, S., R. Lelnebor, J,B. L, Alalthews,o 0
and E, Skashaug  Eds.!. Fresh Water on the Sea. Proc. Symp. Influence 0
Fresh Water Dutf ow on Blologlcai Processes in Fjords and Coastal Waters,
22-25 April 1974, Gel o, Norway. Assoc, of Norwegian Dceanographers, Oslo,

Muus, B.J, 1967. The fauna of Danfsh estuaries and lagoons. Distribution
anil ecology of dominating species In the shallow reaches of the mesehaline
rr>ne. Meed. fra Danmarks Fisk,-og Havunders,  NY Series! 5  I!:3 I?.

 >ivy, D. 19 6. M.SC. eS S nTh I In progress. Inst. of Animal Resource Ecology,
linlversity of B.C. Vancouver' B.C.
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PRELIMINARY OBSERVAT IONG ON ! NTERACT IONG
BETWEEN TWO BOTTOM-FEEDlhIG RAYS AND A
COhf4UNITY OF POTENTIAL PREY I'N A
SUBLITTORAL SAND HABITAT IN SOUTHERN CALIFORNIA

Glenn R, VanBlarlcom
Scrlpps institution of Oceonoqraph y, A-OQB
LaJolla, CA

The development of standard techniques for fish diet evaluation Is avltai step toward the understanding of a larger Issue, ihe nature ofInteractions between fishes and the communities they exploit for food.The preferential removal of certain kinds of prey from a broad spectrum
of potential prey can have a key role In determining demographic and
distributional patterns ln prey communItles  for example, Brooks and
Dodson, 1965!. Direct observation of prey consumptIon by fishes Isdifficult to accomplish on a regular, quantitative basis. As a result,
stomach content study ls a primary tool for describing fish diets,
However, an Investigator relying exclusively on stomach content data
assumes that the impact of fish predation on a potential prey assemblage
can be fully characterized In terms of prey eaten by the fish. This
assumption may be inappropriate for certain systems Invo'Ivlng demersal
predatory fishes.
During some three hundred SCUBA dives on the subtldal sand plain near
LJ II,C Itf I,Ubh, I hb*dthd tlgyU~lh
h I I ~ I <Cbbp ! 5 th b 3 y M~li b tl I If I, Igl I I ! kf gextensive bottom excavations, apparently to expose and capture prey Items.
W If d I lbbbl d « Ib tl I* b h* I I M~li*b t I 5 I 1feeding. The digging behavior involves rhythmic f lapp ing of the roslumand pectoral fins and ls s lml lar In both species. T' he underlying sandIs swirled to the front and sides of the dlgg'Ing ray, uncovering deeplyburled Infauna and leaving a pit of characteristic shape which ls visually
distinct from other sedimentary structures in the area. In response tothese observations, I set up pret lmlnary sampl lng schemes and experiflfeni-s
to test ihe assertion that the foraging behavior of the two rays con-stitutes a disturbance of significance to abundance patterns of benthic
species rarely or neVer Ingested by the rays.

thank Sue Moore, Greg Krouse and Wayne Reetz for their invaluable
assistance in collect'Ing the data for this study. I am also grateful to
John Ol'Iver for helpful comments on an early draft of the manuscript.
and to Brenda Ayers and Greg Krouse who aided In preparIng this pnpnr
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Methods Importance
Rank

2~Nt t I P 20 92.5206.0

B~lh I d* 3D
occldentalls
~RU

43,38. 67

1,0 100.010Harenactis
attenuate
2 y

90. 025.0~Dls lo uncinate 10
IN t

40.020Pectlnarla
caI!forniensls
M~t

6
~k* t t

2
M~I��P 20

3
Plnnlxa sp. 10

23. 32.0

25.017.0
7  tie!

50.05.0

10.0
Unidentifiable 40
polychaete parts

�.06.0Anch lca I urus 20
accldentalis
g~l

10  tie!

10. 04.5Cancer sp. 20
<juveniles>

2
Monocu I ades sp. 10 20.018.0

20.02.0Decapod megalops
larvaeResults

20.0
the diets of a modest sampling
are shown in Tables i and 2.

Ic spec'les In large cores
In study area. Data In Table
lons, I.e., in areas which have
Ing rays. None of the important

5.0~AI heus ciamator 10
0 kl gt~
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ln its f ina I form. This work was supported by a dactora I research Improve-
ment grant, NSF !fOCE76-05812 from the National Science Foundation,

Al I benthic sampl ing and behavioral observations were done af the primary
study site directly offshore from the Scrlpps Institution of Ocean-
ography in LaJol la. The study site Is sixteen meters deep with a bottom
of wel I-sorted fine sand of low organic carbon content  < 0.25K>, and
Is roughly midway between the Scrlpps and LaJol la submarine canyons,

Rays used for stomach content evaluation were collected at or near the
main study site by spearing or with bat!am-anchored set line; checked
at 2-3 hou Ihour Intervals. Stomachs were removed immediately after collec-
tion and fixed ln 104 formaldehyde solution for 1-2 days, then dissected
and analyzed. For each prey species, numbers of indlvlduals and
percent of total stomach content volume w r d t I d.e e e erm ne . Prey species
imporiance was Inde> ed by multiplying prey frequency  percent of all
non-empfy stomachs which contained the species! by mean percent' volume
of stomach contents for the given species.

Benthic anima! densities were determined by collecting replicate sets
 n=2 or 3> of hand-ape! ared cores. The cylindrical c rers w f tc~r rs were o wo
s zes large: 0.018 m surface area; small: 0.008 m area, both
penetrate 10-12 cm into Sediment!. Cored sodlmentS were scrd!ened  meSh
openings 0.5 mm!, fixed In 10$ formaldehyde solution for I-Z aays, then
stored In 70$ Isoprapanoi prior to sorting and countlnq. Coring
techniques were used ta asse s recovery of benlhlc populations IF! both
natural and simulated  holes formed by hand-fanning bottonh sa»ds until
the dlmens'lans of natural holes were obtained! ray disturbance sites.
Smal I corer arrayS were used to deteym inc the SpatIal extent of faunal
disturbance associated with ray f2 eding halos far both Myilobatls  corer

y h I Flg * II d ~U

Rates of ray disturbance were determined In two permanent conti uous
meter belt transects at fhe maly! study area. Extanl ray p'lfS

guous

weie marked with small stakes such tha! on a subsequent resurvey
 usually 2-5 days later! new pits could be counted and measured,
allowing computation of a disturbance rate, expressed as percent of total
transect area disturbed per day.

The ten prey categories most important in
~UI I I =I II ~ ~ d Myl I 0 tl I =yhl

Table 3 lists the ten most numerous benfh
collected In J une-August 1976 fram the ma
3 are for cares taken In "baseline" lacat
not received recent disturbance from feed

I
'lhhl I. P ~ I IPIP y lt F* dl Bt I, td~lh, h

Prey Category Frequency ot Mean f per Mean $ Valutyle
Occurr nce !5! Stomach ef Stamhg  h

 I! Empty stomachs  n=l ! excluded from data, �! Gammarld Amphipod, �!
Decapod crab, �! Coelenterate, �! Pol ychaete annel id, �! Fiolathur inn
echlnoderm, �! Cumacean crustacean,  8> Decapod shrimp



Benthic Ar61ma ls from Core Sampi lnq of Primary StudyTable 3. Abundant
Areal

Importance
Rank

Prey Cateelory Frequency of
Occurrence $

Mean ¹ per
Stomach Mean ¹ per Range Frequency

Core
SpeciesMean Abundance

RankLe>>to~sna~>la sp. 64 5.3 59.3

Lollcao o~talescens
Be.rrya

27
21-133 100~ph �6 I 79.6

Barnard4.5 83.0

Dphiuroldea 27
10-28 1007 I ll�~tl l9 B

~Da 'I I2,2 31. 0

Large uniden-
tifiable bivalves

18 1.3 5-27 10016.1
heteruro us

Unidentifiable
pOlyChaete parts

B~d
13.9

5-17 100Rutlderma rostrate
~Jd 9

Llstrlolobus 14 35. 0
elodes

Fisher
1-22 100~hll B~ 5 ~

Holmes

h I pll 4.5 1,0 40. 0
<Hoime,s>

2-10 1005.5

~C
~ I

4.5 I.O 70.0 4,5

Locklngton Medlomastus acutus 4.5
~H* 9

Un I dentl f lab I e
fish parts

1.0 10. 0
1-12 100hhballa u ettensls 4.1

 C'lark>
IO ~Ph I I o~sad I x 23. 0 1.4

~tor re
tfaisono

7
Bd d I II p. 0-9 834,0

10

2 I ! Based on 12 large  surface area 0.018 m ! core samp'les for crustacea ~
6 large cores for other species., �! GammarId amphi pod, �! Bivalve mol lus
�! Ostracod crustacean, �! Polychaete annel ld �! Leptostracan
crustacean, �> Coelenterate
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Tab i e 2, Pr Inc I pal Prey Items Found In Stomachs of M~llobat I s cal I lorn leg

Mean 4 Volume
er Stomach

 I! Empty stomachs <n-4! excluded from data, �! Cephalopod mollusc,
<3! Echiurld, �> I'agurld decapod crab, �! Decapod shrimp, �!
Mat Ine angiosperm plant

Moselle tumlda
 Carpent~er>

2
~dh I ld I 9 ~ 1-1 I 100

0-8 83
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Figure I Sarnpl lng layout of PyZt.obdzbr a cabr.fozvrtccr disturbance site, Smal I
circles represent positions of cores relative to the ray hole. Distances shown
were measured between the ray hole center and the inner edge of each core.
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Flqurc 2. Recovery of benthic crustaceans  srim of at I species! tn natural
ray disturbance sites. Sample means from disturbance sites are represented
by open circles and solid lines, those from adjacent undisturbed areas by
crosses and broken lines. Vertical bars show ranges for each !riplicate
sample set.

foad speCieS for either ray appearS in the I i st Of abundant ben'litic
fauna. WIth the exceptions of Monocutodes sp.  f = 614!, derapt>d
mega'lops larvae   t = 25$!, and I eptosynapta sp.  f = I6$!, none of thc
prey spp I II tdhd I g~yg th lpg I ~ th
"baSel lneu COre SampleS, and mO t had frequenCleS Of ZerO. Data trcfg
core samples taken In a number of locations on the subtldal sand
hab'Itat near LaJoila suggest that the preferred prey are un Iformfy rare
rather than occurring in isolated high-density patches  such patrtfied;s
might explain the Importance of the prey species if rays were ably lo
locate areas of loca I I y high abundarhcs '!. Data from vert Ical ly par I i l.ioned
cores indicate that virtually all infauna  Including most sped Ie .
found in Tables I J 2! I ive wl tttln 5 cm of tho sedirrlent surfacn. Iltu,
it Is doubtful that 0he rareness of the exploited species Is an
artifact of inadequate corer penetrat lon Into the sediments.

Most of the preferred prey species Ior both rays have body s I res m,yflr
times larger than any of the species listed In Table 3. Thus thc nvusl.
common benthic species may escape consumption by foraging rays as a
COnSequenCe Of their Small SiZe. HOWeVer, data fram COre SampleS
from natural and simulated ray holes of varying ages suggest, when
compared with "basellnew samples, that ray disturbance has importanI
and complex effects on populations of the abundant species,
F I ure 2 shows surrrned abundances of benthic crustaceans in tri p I lest c
sets of large core samples taken fr om natural ray hot es and "basni i rye"
areas during summer 1976. All ray holes sampled were newly farmed in
the permanent belt transects between 14 and 16 July 1976. No ray
hole was sampled more than once. Data show an initial depr e sinn of
crustacean numbers in ray holes relative to undisturbed sedirnerlts. Ten
days later, the surrined densities had recovered, but individual species
abundancles In the ten-day ray hole samples differed considerably from
"baseline" cores, with numbers of the gammarid amphipods ~S nchelidium
p., M I d p., U I I t II d B d d A i~d

~ht B ~ d *dl g I I I d tl g I I I
the recovery. In the 31-day samp I es the crustacean fauna of the ryay
disturbance sites c:losely resembled "baseline" abundances, both irl
summed density and In numbers and ranks of component species.

A siml I ar pattern appeared In a ray di sturbance simulation expcrlmcry 1
run dur ing winter 1976. On f ive dates rept l cate pairs of cores wt:re
taken from s imui ated ray feeding p Its  dug on 29 Jan. ! and adjacent
undisturbed sands. Figure 3 shows that the Initial depletion o  sufnmud
crustacean numbers was followed by a recovery phase In which abundances
exceeded baseline levels. Three of the four species which were early
colonists of natural ray holes  IJ. entalladurus was the exception! plus
t th lth phlpod M~I p. d th Ultenuis ZImmer! were responsib'le for the over-compensation in the simu fated
di st'urbance pits. The excess summed crustacean level s and the tl if!h drnsi-
t i es of ear I y co loni z ing spec i cs pars i sted through a second samp I i n:
date, 22 days after the disturbances were made. The 33-day samples
showed no Important differences In the crustacean fauna of disturbed and



undisturbed sediments.
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The response of combined palychaete densities to simulated ray disturbance,
shown In Figure 4 was somewhat different than that of crustaceans, Numbers
were Initially depressed by the disturbance event and recovered slowly,
converging with undisturbed dens Itles In the 22-day samples. Abundances
of component polychaete spec'les In disturbed and undisturbed sands were
similar at the time the sunmed densities canverged.

5 tl pl* y ll*td I I dl gh*l* f d by~01 h
 pit dl 20 I d~MI btl I dl ~ 5 I p idd ld tht
the areal extent of disturbances appraxitnately corresponds to the
visual ly perceived dimensions. These pal terns were consistent for al I
crustacean, bivalve and polychaete species which were sampled In numbers
sufficient to determine spatial patterns.

Nine pairs of trar sect surveys were made to determine rates of ray
disturbance to the sediments by foraging rays. The mean rate was 0.55$
of bottom area disturbed per day  range: 0-1.69$!, with highest rates
occurring during the warm water months of August and September In both
1975 and 1976. The size frequency distribution of ray holes ls blmodal,
lthph t dll f � pbblyd*t ~U h f dig!d

30 lp b bly ~ d by th h I g M~II b tl*!. M t I th y
holes  89$, N=I50> were Included In the smal I radius mode, suggesting
thtp~ oh I I prt tth M~I btl fb thl
cotmnunity disturbance.

A system described by Orth 11975! ls similar In many ways to the situation
1 have discussed for southern California. Orth has descr'ibad the for-
glg tt ltl fg p f y  ~Rh  t b ! hi h

frequent the shal low sediments of Chesapeake Bay during summer months
and employ foraging techniques  described by Ifilgelow and Schroeder, 19531
hih PP *tly b  th I h b d I ~ ~UI h h
0M~I btl llf I . 0 Igth f  9731 g g p f

R. bonasus damaged or el lminated large si ands of eel grass  Zoster a
marina l, to the cons I derabl e detriment of associated epi f auna I and
infaunal assemblages, whl le digging far their preferred bivalve prey.
Stomach content study showed that most species reduced ln abundance
were unimportant as prey for R. bonasus.

Data trom my preliminary work in southern California iend support to the
notion that feeding activities by two rays In a sublittoral sand bottom
community provide predl«fable physical dlsturbanceS 'lO tide rays. As
a resu1t, rigorous e~perlmentaI testing of this hypothesis ls now under-
way. Techniques Include thr. controlled use af large cagd.' which protect
areaS of fire bof lorn In rhe malrt study area frOm tire dlsrulttiue effeCtS
ol foraging rays. Repl i cate sets of experltnental and control ca tes
are now In place and w I I I be sampled In early November, 1976. These

Iz: 200
O
Cl

CD

I 100
Cl
z

Figure 3. Recovery of benthic crustaceans <sum of all species! in simulated
ray disturbance sites. Sample means from disturbance sites are represented
b en circles and solid lines, those from adjacent undisturbed areas by
crosses and broken lines. Vertical bars show ranges for each sample pa r.air.
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Figure 4. Recovery af benthic polycltaetes  sum of all species! In simulated
ray disttfrbance sites. Symbols are the same as those In Figure 3,
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studies are beilng supported by expanded col lect fons of rays for more
of benthic fauna.
satisfactory dietary chaFacterlzat ion and b xt In y ex ens ve core sampl lng

It Is apparent thai the effects of predatory fishes on the structures
of ccmmurr it les of potent lel prey popul at ions cannot, In scnre cases, be
adequately described by analysis of stomach contents. A full d

g a fish s function in a prey community requires knowledge
s ~ u Un er-

as f ood.
of the impact of foraging act ivlty on popui at lons which are not f d

Thus, the 'Improvement of f1sh diet a»a I f ical technle no pre erred
be accom anied b ex
fish feeding behavior.

p ' y expanded studies on the nature and conseq fnsequences o
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PRFY ORGANISMS AND PREY COMMUNITY COMPDS1T ION OF
JUVENILE SALMONIDS IN HOOD CANAL, WASHINGTON

Charles A. Slmenstad
Fisheries Research Institute, Unlver s'Ity of Washl»gton
Seattle, WA

For the past 2 years, Investigators at Fisheries Research institute have con-
ducted intensive sampling of migrating juvenile salmonlds, principally chum
salmon <Orroonhlrrncfrus kata> and pink salmon �, gorburrcfrrz!, during their
early marine life In northern Hood Canal, Washington, These studies have
been funded from the OICC Trident Environmental Monitorl»g Program. The
objectives of these studies are to monitor the movement of juveniile salmonlds
along the stretch of Hood Canal which Is the site of the U.S. Navy Tride»t
submarine base; and to evaluate the potential impairment to this migration
caused by actlvlties associated «Ith the construction ot piers, wharves, and
docks along the base's Hood Canal shoreline, including the effects of dredq-
Ing, of the Impact of the installations themselves, and of the proposed 24-
hour lighting of the shoreline environs at these taclllties.

in conjunct1on with this sampl lng program, representative specimens of juve-
nile salmonids were retained for quantitative stomach analyses in order to
document' the importance of near shore shallow subllttora! and »critic prey
organisms in the cr'Itlcal early marine IIte of these fish.

In addition to the v'lew of the juvenile salmonilds' early marine habits from
the "Inside out" via analysis of the stomach contents, preliminary sampling
of epibenthlc and neritlc plankton communities was also attempted i» order
to relate the spectrum of prey organisms consumed fo those »available" in
the nearshore environment at the time of migration.

The purposes of th'Is paper are briefly to descrilbe I! the techniques we flrrd
optimum In sampling juvenile salmonids during their early marine residerrce,
2! an epilbenthlc suction pump which we utilized to sample epibenthlc nla»k-
ton, 3> the prey organisms consumed by those fish during their migration
along the northern Hood Canal shoreline, and 4! the composition of thn
sha!low subl'lttoral eplbenthlc and »critic plankton assemblages as samirlrd
by the eplbenthlc pump.



MATERIALS ANO MET»-OO'S

P> edator Collection

Two i«ethods were n»cessary In our juvenile sal>nonid collertlons--beaah sein-
ing and tow >iet I ing. Tiins» i«ulh~!ds eiiabled us to csi!Iuri bi!! h scliooled
early i »S ident I 1 Sh In iiie 40-60-«>m S IZ» range dur 1 >i>Z ciayl iqht w!ien they
migi ates th> ough the shoie! lne shal lows, and Iar>!e> f ISh In !he 70-100-mm
size range wh irk oi copy t I«' iiiii' I 1 I r: wa > ers !arthur' oi fs'ho e at n lght.

1he beaCh Seine iS the Same One uS»d in the In tituie'S nOrth Puget SOund
and Strait of Juan de Fuca b,iseli ie studies: 37 m �20 fi! long, equipped
w! th '18-m 15g-ft ! lori I, 3 � i«m I I- I/8- inch! r«esli win>J», anif a 0.6 � m x 2.4-m x
2.3-m bag of 6-i«>n   I/4-in<>i! «x!sh, T>ie riet as used i>i tlie juveni le salmonld
studies is equipped with 1 iota! lon sufficient to keep the riet f Ishing along
the sur face. The nets were,et by sma I I boat di>r ing day I I ght I ow slack tide,
30 m away from and parol i»I Io thi! boacii, and wore retrieved to the beach by
hand at approx 1 >«ately 10 m/«iin. T iie I ines a I I ached to the pol es at the end
of each wing were initially >>au!ed from positions 40 m distant until 20 m
of line had beer> retrieved; the, net was than >-.Iosed down !o a 12-»> open lnq
and retrieval to tfie beach compleied.  his net could sample all shoreline
habltats except those rharaclerlzed by very dense eelgrass or kelp oi with
large boulders.

Tow net collections were i«ade with a 3-m x 6-m  IO-ft x Z'!-fl! surface trawl,
with mesh sizes grading from 76 «m> � inches! at the mouih fo 6 mm  I/4 inch!
at the cod end. This net is towed ai night between 2 vessels at approxl-
mateiy 4 I m/hr for 10-minute tows alonq esiabllshed transect lines, both
parallel to shore !approximately along the -6 m depth contour ! and fn zigzag
transects across the cana!,

Fish destined for stoinach ionteiits analyses were retained in anesthetic and
preserved In 10$ buffered Formalin with the abdominal wall slit.

Prey Organism Collection

Earlier preliminary studies of the diets of juvenile salmonlds In north liood
Canal  Kaczynskl, et al. ~ 197 3; Feller and Kaczynskl, 1975; Slmenstad, fn
press> had indicated the iinportance of eplbenthic plankton, especially
crustaceans. Unforfunate1y, there fs little information on the epibenthlc
plankton communities of tlie shallow sublitioral regions of Pugot Sound.
They cannot be effectively sampled with traditfonal sampling 1echnlques such
as plankton net Paws or wiih intertidal transect cores or quandrant sampling;
nor do more appropriate epibenthic samplers such as the several developed
eplbenthlc sledges  Holme, 1971> appear to be efficient gears when used in
shallow waters,

After the success oi an eplbenhhlc pump sampler used by rel ler ani> Kaczynskl
 I'775!, a suction pump utilized for sampling nearshore plankton 'In the
Aleutian islands  Burgner, et al., 1969! was modified to sainpfe shallow sub-
iiltoral epibe>ithic pianktoii. The advantage of this type of sampler Is that
the researcher can sample In almost any habitat  ft does not have to be towed

over the ben os anb th ! nd substrate  e, q., qravel, cobble, and rock unavali.!bli!
to corers . so,!. Al It can sample at any position In the water column
a sledge> and cari provide an accurate >«n!sure of the qiinnt I ty of w,!Iiii
strained.

t  F I . I > con, isted of a sol f-priining, gasol ine-power> d,The pump sys em g. 'I t d I inkiui s
5, -cm � nc.1 �-1 h! centrifugal pump whIch draws ~ater and assoc a e p in vis
through a . -cin25.4- �0-inch! con leaf expander Into a 5,!-cm f iexible p as i,
hose, nce roug !0 th I the pump the wafer sample passas through a seal»i!-reg-
ister, tota z ng owmo et t I I I f I meter Into a double stainless steel cy I ndei n w
2 nested conica ne s wered . I ts were suspended. Tlia nets were of 505-» and 20>i-v

I ~, I himesh sizes with area/aspect ratios of I:2.54 and I:5.3, respectively, hi
ep ibenth'ic organisms were i eta I ii»d in standard net buckets with window
screen of appropr ate mesh size.

The pump ng sys emI t was operated from aboard a 26-ft boat maneuvered wi thin
about 15 m of the beach and ai!chored. SCUI>A-equIpped divers then proceeded
to survey the bottom and to place at random a I-m diameter metal hoop
�. 14 m area> over a representative area. The pump was started and the
suction hose en was passetl h d as passed to the divers who moved to the chosen sampiliig
location. Upon a s gna romI I from the boat the divers began to move the expander
cone about IO cm off the surface of the benthos within the sampling a>ca,
"vacuumIng" the epibenthic region, Four proJectlng bolts on the expander
were used to stir 1'he very surface layer of the benthos, Several seconds
after the diver had initiated the suction sampling, the 2 nested nets wore

!thin the steel cyl inder. This lag time ensured tliat
the water and organisms within the pumping system at the star ng ime
assed through before the nets were In place and filtering. One hundred

um ed throu h the nets before the nets were removed and thi.
f tha I!nkton- I I I d t stop samp! ing. Organ l sms were removed rom a p,!n

d PUC ars.net cups and preserved ln 5'g buffered Formalin in labeled Jars.

The samp ng process w'I I cess was repeated for 3 repllcates, the samp'I'Ing hoop beinq
moved to a new area of sfmllar substrate for each sample.

In the labors ory e ept th Ibenthlc plankton samples were transferred to �$
Isopropy a co o anI I h I d stained with rose bengal dye, stirred, and allownii to
sit for at least a week so that organiisms would be complete y s a nc . e
organ sms were eni then separated from the sed iment and det r I tus In the sa«ip le,

t d t the lowest t'axonomlc leve'I possible by exam'Inat ion roug i a
dissecting microscope, and total counts and weights  to nearese r st 0,01 ! ware

obtained for each taxon.

Stomach Analyses

Stomach con en s o e jut t f th ' venl le salmon ids were ann I yzed according to a
sysema c, san at t I t dard ized quent i tat lve procedure, described ln de>! i I !iy
Cath Terry cari ier In the course of this work;hop, 'liis»!> o pr;»
the numerical and grav !metr I c co>«posit ion of prey orqa>ii sms contai>ied in
the s omact h the degree of fii! iness of the stomach, arid the state of
digestion of Its contents.
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F!cure 1. a<<em!! system des lrn sin< construct!en detail of ep<h< ntli<c
nsnp ss<spl tng systes<

Our lnq peak mlgratlo<i period IMarch-May!, bui<.h;oii!<. <..olla< ! i<ni',  «mi
Juvenl I e a!mani ds were retained fo< sloni!ch ana lysi ', wiii e m!d<i ilia< ~ i. I<nil«!y
mo» y athl at 5 s! tes In the north Hood Oana1 area. Ioii r<et col I e< I ioii. wur <!
conducted biweekly along 6 general lransect lines  fig. 7!, fpih< nlhi-
p lankton samp les were taken from sha I low sub! 1 ttora I a«.as at the Iii a<.<i n!no
samp I ing sites and from the nerl tie zone at an offshore pi I inq adjacent <o
one tow net transect line.

As Indicated <ar' 1 ier In 6lrnenstad I in pr' nss! and in 1'Ii< I !m1 «d I I !aralu< r
discussing puget Sound juvenl le chum arid p1nk sale<on food <iabi ts <Ku<.. yiiski,
et al., 1973; feller and Kaczynskl, 1975!, in the daylight period of lhelr
ear ly <sar Inc migration juveni le pinks and chums prey mainly upon »pili< ii! ii!<
crust'aceans, later ln the mlgral ion period shl ftlng to Insects and nein
planktonic organisms, depending upon the noarshot-e habitat In which !I<ty ai«
feedl»g. Larger chums and pinks found In nerltic waters offshore at nig!il
were consuming larger pelagic prey, principally gammarid amphipods, rnlanc Id
copepods, and fish and macroinvertebrate larvae.

The prey spectra I I lustrated In Flgur<. 3 are represeniative of the d,!Ia
from the past year's co I !actions and support the cari ler Information,
chums and pink juveniles in the 35-45-mm range concentrated their Ii.<i<li»1
upon shallow sublittoral populations of epibenthic crustaceans an<J lb< Ir
eggs--principally harpactlcoid copepods, gammarid amphipods, mysids, cun!!«i,i»st
and leptostracans, and harpactlcold and gairimarld eggs. Larger prey sucli as
gammarammarid amphlpods and mysids provided higher biomass contributions to this
diets, but smaller organisms such as harpacticolds and their eggs lend to
dominate the diet nuinerlcal!y,

One major question Is the source of the gammarid and harpactlcold e<!q; in
juvenile sa!monld stomachs. The source of these eggs or egg cases <nay be 'In
consuming ovigerous females and the separation of eggs from the adults In
the stomach, which is probably the case with harpactlcold copepods. In many
instances, however, the abundance of eggs ls far out of proportion to the
number of adults In the stomach, suggesting that the eqgs are consumed as
separate food items, The data Ind lcate that this may indeed be the case
Ith gammarld amphlpod eggs. Many of these organisms may be too large orw gamma

dlfflcult for sma!I juvenile salmonlds to handle, and In attempting to do o,
the salinonlds may cause the amphipods to re'lease the eggs from ihe brood

h. Th reupon the predator cou!d consume the free eggs, Such feedi<n!
behavior should be tested in laboratory experiments to substantiate w iu ie<
or not this Is an actual feedIng strategy.

Th cons I derab'le overlap in d I et between juveni le chum and p!nk "ilm!iiere was I I li I I mnearly in the l r concurrent marine residence, but divergence 'In dict w i mn
and size. The pinks eventual ly shl fted much more to qammarld amphi podeq.is,
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ENTH! C/NERI T IC
PI ANKTON PUMPING

Bench neirre, tovr net, and cplhentlric pliankton pumi anmlr ling
sites along Bangor annex replan of pood Cana! rrt 1 l ized fnr
collection of rsiprar ing ]rrvenile aalrrasnida and epilrentlr tr
prey assemhlapr s

II 1I jr 1 1Ir I I'1'II1II1I 1 II1II I I 1 11'I' -'
Representative fr ev siss position of ] uveni le
chrrs, Oncor hywahus ks ia, and piirl salmi n, P,
rfostruechrr> in shallow sublittor al  a! and
ner'itic  b! water s of Hood Canal, Washington,
Apr il-Hay ~ 1'376 ~



Eoibenthfc Plankton Populations

Summary

Juvenile chum and pink salmon during
Canal rely heavily upon sha'liow subl
smatl crustaceans such as harpactlco
than 50-55 mm, aro prone to feed In
Inciudlnq fish larvae, An epibenthl
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calanafd capepods, and leptostracans as they got larger, while fhe chums ap-
peared ta continue their feeding preference for harpactIcolds, although
leptostracans had also 'Increased In Importance in the chum diet,

Nighttime tow net catches Indicate that larqor juvenile salmonlds occupy the
nerit c waters off the Hood Canal shoreline, aI/hough not In dense schools
as found along the shallow sublittoral during the day. Nerltic-occurring
j uvon le chums and pinks were more catholic in their diet and tended to
concentrate upon larger pelagic organisms. There stfii was considerable con-
tribution by harpact Icofd copepods and gammarld amphfpods but they may have
been a remnant af daytime feeding fn the shallow sublittoral, depending upon
when the ffsh samples were obtained, Clupeid larvae were ilmpartant In the
dieis ot neritic chum and pink salmon in April, typically dominating the prey
composition by bilomass. Approximately a month later, decapod and clrrfped
larvae, insects, and calanoid copepods had replaced fhe fish larvae as the
most Important prey organisms, At this time the diets of neritlc chums and
pinks had become slighrly more divergent, with chums consuming a greater
percentage biomass of calanold copepods and decapod larvae while pinks had
consumed more clrrlpod larvae.

Preliminary sampling af shel low sublittoral epibenthic plankton with a mod-
! 1 led suction pump indfca+es that, with some Improvements, this system may
provide a valuable source of quantitative Information about the composition
oi prey organisms available to juvenile salmonids. As a tool for sampling
neritic plankton, however, it may need further reconsideration or somo
modifications in sampling desiqn.

r»e»he numer Ical and qr avfmefrlc co~pos ft,an of ep>p
plankton at 2 shat low subi lttoral sites and I neritic si te at Hood lanai,
March-May 1976. The abundance of organ l sms I s shown for both the 206.u
and the 505-u mesh samples, and for the larger organisms reIalned by the
505-p mesh net, biomass i Indicated where possible.

i he composition of our samp les t aken at the Tr I dent base wa s imi I ar to the
camposition found by Fei ier and kaczynski  ig! in their epibeothic sampling
of Dabob Bay ~ Hood Canal.

Total numbers of organisms sampled by the epibenthic pump are within reason-
able variatlon  < 50>f of mean! over the 5 replicate samples taken at each
site, Values for the total biomass of organisms retained by the 505i p mesh
net are considerably more variable, which may be due to the lack of precision
of the weilghing instruments when very low wefghts are Involved.

Principal salmonid prey orqanisms are effectively sampled and, in some cases,
have acceptable values of varfablllty about the sample mean abun<lanco values.
Values for many organisms, ho~ever, have coefficients of varlatio» over IOOC
of the mean. Whether this is a fault in the samplfnq technique, or is gen-
uinely descriptive of the spatial distribution of ciu.,tered populations of
orqanisms Is not clear at this time. We intend to make further modifications
to the sampling design in order to reduce variabfiity attributabln fo the
sampiinq technique,

ld epods gammer l d amphi pozls, oral their eggs aro a I I sampi "I
with the pump, though with a wldo range In var iabl I ity. s w e inc
dence of these crustacean eggs 'In the predator's stomach, the occurronca oi
separate a s aosep t od egg cases in the pump samples pz>ses a probl om. F I th> <
the umping process 'Is separat'Ing the eggs fi am iho ovl<iorous fowu>los r»

are much more freely avai labia In the environment than wo as>urn| 1.these eggs are muc mo

These pump samples a so o ca eI I I d I ate that it may be feasible to detect the ch;>n-I-
Ing abundances of oplbenthlc plankters with t lme and season as wel I
I I lustrate e n e n edefinite Interhabitat differences in avai fable epibenthic prey.
The pump samp es caI s carl also provide 'Intact spec/mens necessary for eva ua inq
the life histories of many of the more important plnnkters,

Plankton pump samp es rom nles from ner it fc waters are def in i tel y more diverse i hen
l>e she I low sub I lttora I, though not nocessari ly more vari able. v u rfrom I l>e sha ow su

or not It samples many of the larger, more mobile ccmp neo nts of the noriiir.
kt Ilabfe to juvenl'le salmonids Is fhn question. Far Instanr,o,plan on ava a e

fish arvae an somI d some decapod larvae may not bo represented n e sa p
proport i on o e r at th I ccurrence In the environment ~ or perhaps no at a

ti n f thosoAgain, th s may e a uncthl b a function moro of the patchy distribution o oso
plankton than of the sampler itself.

Juveni'le Saimonid Oiets and "Ava'liable" Prey Organisms

A pre i iminary compar I son of juveni I e chum a pnd Ink salmon re organism" withp y
II s ectrum ot epibenthic and nerltic plankton available for con-

sumption  Fig 4! suggests some Interesting aspects o juven ,ef ' Ile salmanld
feedinq behavior. n e s a owI . I lh sha I low subl i ttora I, juvenl le sa lmonlds pr oforen-
tially consume e sma eth smaller less abundant harpactlcoid copepods rather

I am-b d t mmarid amphipods. Although the Incidence o qam-
ammnrids,marid eqqs suggests that the salmon may attemp'1 fo prey upon adult qammnri s,

they may oo e a e o ngb, bl t ingest them because af the amphlpod's size or
stivity. Despite the ac af -t th t the eplbenthic pump samp'les did not illustra e

a reat abundance a ep osf I . t t racans these small crustaceans also formed aP
large percentage o e p an

9 f th I kters consumed In the shallow subllttara!.

I I .-f din 'uvenile salmonlds consumed several organisms which eitherNerlt c � ee nq ju
were nat aounuan componenb d t mponents of the nerit Ic plankton or were n e ' y

ts. Al-the um --e.g., clriped larvae, clupeiid larvae and nsec s.sampled by the pump--e.g., c
m r er than those Inmast a eIl th important prey In this feeding realm are larger an

l thothe shel low su orablitt I wh'Ich may be because of the larger sizes o
tions.nerltlc salmon and nighttime feeding behavior In I'Imlted light condi on

the I r ear I y mar Ine residence In Iiao'i
I tf ore I ep i bent hi c pl ankton, e spec i,> I I y
Id copepods. I.ar qor salmon zfroa led
nerItfc waters upon larqor pl >nkto> -.
c pump sampler h*S boen Shown to pr<>v'I ziz
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a reasonable quantitative sample of the aval labfe eplbenthlc pier>kton
assemblage ln the shallow subltttoral feeding envfrons of the Juvenile
salmonlds, Nerit Ic plankton samples tended to be less representatfve
of the spectrum of prey organisms ave Itable to nerftfc-feed'ng salmon,
Comparison of salmonid prey composition with epfbenthfc and nerltfc
plankton composltlorf suggests that smaller daytfme-feeding salmori are
preferentfally, or functionally, consuming the larger organisms In
the prey spectrum. Further sampling, and mare detailed, must be
performed to elucidate some af the factors involved In this apparent
selectivity and to evaluate better the relative availability of the
different prey organfsms «Ith time.
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Puget Sound. J. Fish. Res. Bd. Canada 32 8!:14I9-1429.

Holme, N.A. 1971. Macrofaunal sump l lng, Pp, 80-130 In N.A. Halme
and A.D. Mclntyre, editors, Methods for the Study of Marine Benthos.
IBP Handbook No. 16, fBP, Blackwel I Sc1. Pub., Oxford, 334 pp.
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Trophfc analysis of Juvenl le pink and chum salmon <Orrearhgrr hrra
garbuea7rrn IZrrLI 0. keta! ln Puget SOund. J. F/Sh. ReS. Bd. Canada
30<7!:1003-1008,
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and associated salmonids ln nearshore environments of northern
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IMPORTANT ASPECTS OF FORAGING BEHAV IOR ANO FFEOlhlG MORPHOLOGy
IN RESOURCE PARTITIONING STUDfES OF F I SMES

M James Al len
Southern Cal I fornia Coastal Water Research Project
El Segundo, CA

The range of food Items that a fish can potent I al ly eat is largely determin-
ed by Its foraging behavior and feeding morphology. Resource partitioning
among most coexisting species of demer sa I f ishes In southern Cal I fornia ap-
pears to be the resuii of differences In foraging behavior and feeding morph-
oiogy  Allen, !974!. A description of the forag'Ing behavior of many species'
however, does not occur In the literature, perhaps because this behavior may
seem obvious or unimportant. The objective of this paper Is to emphasize
the Importance of foraging behavior and feeding morphology in resource par-
titioning studies and to describe the types of behavioral and morphoioqical
Information that might apply to these studies. The information I have In-
cluded in this paper appears to account for the coexistence of species In
souther« California fish communities and 'Is further elaborated In DA resolirrp
partltionlnq mode! of southern California demersal fish condnu«ittes"
 Allen, manuscript� >.

After examining the species that coexist In recurrent groups  Fager 1957,
1963! formed from different sets of data and at different levels of assoil.I-
tion  SCCWRP 197 3>, I believe that differences among species In Ioraglnq  la-
havlor <Including vertical space and time foraged> or In morphology that al-
lows selection of food particles with different qualitiles <sizes, hardness,
etc.! generally result ln sufflcle«t food differences to allow them to co-
exist. Foraging behavior of deepwater fishes, however, Is often difficult
to observe d!rectly and must often be 'Inferred tram the morphology ot the
f'lsh and from Its stomach contents. I assume that most fishes are rather
opportunistic In their choice of food particles, generally taking anythinq
edible that they encounter  although preferences no doubt occur when suf-
ficient food Is available!. Species that forage ln the same manner but In
different places may eat different species of food Items because different
food Items may be found at each location. Conversely, two species may feud

man of the same species of food Items although locating them in different
t«rplaces  I.e. one species may capture prey species while they are In the wa «r

c olumn whIle another may capture many of the same species while they are
hiding on the bottom!. Stomach contents alone, then, may not clear yrl
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represent the forag lng behavior of a f lsh relet lve to thai' of other coexl st-
ing or similar species. The moi phology of an organism, on tiie other hand,
places limits upon its behavior and therefore often determines the behavior
for which the species Is best adapted. 4s most species are In same way
morphologically different from each other, the Important differences are
those whilch allow a given species a foraging behavior that 1s different fram
that of other coexisting species  s'light morphological differences among
spatially separated species may be of less Importance than the spatial
separation itself!.

When two species occur together very frequently, they generally are very dif-
ferent from each, other In morphology. The mast basic morphological differ-
ences among frequently caexisting demersal species are related to the orien-
tation of the species with respect to the bottom while foraging for food.
Species that very frequently occur together generally represent one of the
fallowing cambinatlans: 'I! a bottom-living speciles that forages In the water
column and a water-co1umn species that forages on the bottom; 2! a bottom-
!ivihg species that forages on the bottom and a water-column speciles that
forages in the water column; 3! a bottom-living species that forages In the
water column and a bottom-living species that forages an the bottom; amI
4! a water-column species that forages in the water column and a ~ater-
column species thai forages on ihe bottom. In general, bottom feeders us-
ually y have wef I-deve loped I i ps arid often have mouths oriented In a way so as
to easily feed on the bottom  venfrally assymetr.lc jaws in bottom-feeding
flatfish, ventroterminal mouths in some sciaenids, sharks, and all rays, or
downward protrusible jaws iln species such as combf lsh!. Species that feed
In the water column generally have poor lip development and terminal ar
dorsaterminal mouths. Types af food organisms that are !ax>st useful for
estimating the arian  at ion of tiie 1 i sii with respect to the bottom ara thase
species that live entirely on the bottom or In the water column,

The orientation of a species with respect to the bottom ls often associated
with Its search-and-capture behavior. The major types af search-and-capture
behavior found among demersal fishes include the fallowing: I! ambushinng;2! stalking; 3! pursuing; and 4! searching. To ambuaf  means to lie ln walt
for prey. An ambushnt- expends relatively little energy searching for prey
and relies on the prey comIng near enough to be captured. I' or !his reason,
most prey organisms are rather act!ve, To etafk means ta approach a prey
organism near enouqh for pursuit ar ambush. A stalker has to nxiiend energy
searching for prey I'hat, once  ocated, ls quite capable of escape, either
by flight or retreat to cover  as in tubicolaus polychaetes!, To pueeue
means to overtake and capture. This behavior Is related to stalking and
generally involves a prey organism that may escape by flight. Ta search
means ta look for prey organisms. 4 searcher often expends much energy
loakingfor food organisms that, once located, are not likely to escape,
Often these organisms are hidden ar lieve body structures  I.e. shells! that
may make them Inedilble to most species. In genera , searcliers are oriented
toward the bottom whnn foraging for food  parfilcuiariy utilizing sess>!e
and Infaunal prey organisms!, while the others are oriented toward the water-
calumn  utiilzlng planktonic and nektonic prey! or-io both the water co!umn
and the bottom  utilizing epi auna, nekton, and plankton!.

The die! time of foraging is also Important in determining !lie rang» r  
items encountered by a f lsh. Two spat i a! ly coex I sting species that  -r a!i In
a s lml lar manner would encounter d I f ferent  aod organisms If one specli s Icr-
ages during the day and ona species forages at night. The t lme of i!i  1liit
species forages is determined In part by the sense organs that I 1 usi I i lo-
cate prey and by the activity patterns of the prey organisms thai il I,   .t
adapted ta eat. SpeCieS that fOrage at night  Or In deeper water! rsdf 6»!id
either larger or smal ler eyes  depending upon whether they locate tlii i r  -xi<i
by sight or not! than closely related diurnal  or shallow-water! spii!ii ..
Nocturnal ar deepwater species that feed on active items nonvisual ly i s� lo-
cate them with lateral I ine organs, Species that have other we  !-developed
sense organs   I.e. ol faction, touch, or taste! often have an advantage aver
visual feeders In locating prey at nilghf and may therefore bc nocturnally
ac vt I e many of these species, however, are also capable of locat ing i an-
cealed prey during the day and may be diurnal ly active. Species that id
pr inar y on crai rii on crabs and other epibenthlc crustaceans which are active aver
soft-bottoms at night  Hobson, 1968! are also gener'ally more active at night.

puff c s In the size of the area foraged can also allow species tlia c o
on similar food iilems ta coexist; wide-ranging species may foraqe ovr.r
larger area although less  horoughly than sedentary species. The amauril af
f d taken by an Indi vtdua! Of a wide-ranginq species from the halilf i ill !eoo a en y n
of several Individuals af a sedentary species may be rather small, resul nge i tin
In the wide-ranqinq species having I i tile Impact on the food ava I lab le ta the
sedentary species. Wide-ranging species are often moie elongate   If hollnm-
I iving! or fusi form than sedentar y species, or possess swimbl adders lii,it
a! low them a greater mob! I I ty than species without swlmb ladders.

Occasionally species forage In a similar manner ta other caexlstinq spec!i s;
these species gener a 1 I y show differences In structures that a I Inw  harn 1 a eat
different types af food part I c les. Differences In feud I ng struc liiri s I ul I
Into two categor I es; I ! s I ructures re I at i ng to the s ize af the par   c I c un-
gulfed and 2! structures relating to the type of parlicle engulfed.  he first
category can be divided into three major fccding types: I! filter fc~ders,
2! e g Ifers and 3! reducers. Ft'.Ltizr feeders feed primarily on ionrl par-flcies

nv . !,that are very small relative to the mniith size of the fish  I.e. nnrh»v!cs
These f I shes slave the food particles out of the water by means of el iini! i iid
gl I irakers. Engulfera feed on food particles that approximate the size af
the maut h. Large or sma '1 I part I c les can be engu I fed but extreme I y sma I I par-
ticles cannot be separated from the water and food particles la! ger t!idn the
mouth usually cannot be reduced to mouth-size particles. The size nl flir.
particle engulfed generally increases as the species qrows because lhn mouth
size Increases with the size of the fish; different species, however, stiaw
different rates af increase of mouth size relative ta body iength. Reduneve
are capable of reducing a large food particle down ta a size that can be en-
gulfed In the mouth. These species often have cuffing teeth  I.e. same
species of sharks! ar moveabie tooth plates  hagfish!. The Incisor-like
teeth of the opaleye  Gsnelfa isigrfrane! allow It to cut off bits a  i" sile
algae.

The second cateqory Incliides,prcial izatlnn af the mauih and dier ~ I lvi Ii ii-t
for particular food Items. This includes I! qenerallsts and 2! sp~rlnlists
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that are adapted for crushing and gr!ndlng hard Items. Most spec les are con-
s ered to be generalists withiri the range of Items available to them. How-
ever, hard items taken must be swal lowed whole and thus th . I
as efficient at ufillzln o us ese spec es are natc en a u i Iz ing this food source as sper-.les with tructurns adapt d
for crushln thg t iese Items, Crushing structures can exilst In the j t thsaape
 ra s, same s n e jaw ee

species of shark!, pharyngeal teeth  pile perch, !!rma>irzhth
Vaccrz! or toot ~ ., rm~a ir ye

in a similar m
oa hed piiaryngea I sacs  Stvorrrotetrfoe!. These spec I 1 ht f

m lar manner as r!enaral lsts but be able to use a dil f >ererit food resource,
Ta adequately describe the sort of fr!raging behavior that a I laws s ecoex I sf then re ul- ows species to
o I a ari

en requ I r es 4 number of approaclies inc iud i ng In I erencese nce" rom morph-o agv arid stomach ana I ys i s, wrien direct obsarvat irrn I not ava I ! ah le.
pre a on af f i sh staiuac!i cont ents wi t n respect to t lie food habits of

t!ie t 1 ah would probabl y also be gr'eat ly fac I I I tated I f somrr ef fart Is d! rected
taward deSCriblng tha farag inq be!iav iar Of tiie f iSh.
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THE FEEDlh!G BIOLOGY OF THE BAT RAY, >rlyliobrztr.a co>t forrrica
IN TOMALES BAY, CALIFORNIA

Stephen Karl and Steven Obrebskl
University of the Pacific, Pacific Marine Station,
Dillon Beach, CA

The bat ray, frfy>,tobrztie oafzforrrt.oo Giii, occurs from Oregon to the Gulf of
Ca!lfarnla and Is common In California bays during the spring and summer.
MacGlnltie �935! observed that during Its feeding activities the bat ray
can dig channe'Is up to 'I meter wide, 50 cm deep and 4.5 meters Iong In benthic
substrates, In Intertidal sand fiats In Tomaias Bay, California, circular
pits up ta I meter In diameter and 20 cm in depth are made by bat rays in
late summer. >n some areas over 50'$ of the sand flat surface Is covered with
bat ray pits. This recurrent seasonal d!sturbance of the substrate due ta
bat ray predation on benthic coimnunit les may be Important in affect lrig their
structure and faunistlc composition. In preliminary studies of the effects
of predatlan on benthilc corrmrunlties In Tome!ca Bay, we were interested in
obtain!ng Information about changes In diets af bat rays In relation to size.

Stomach contents from 422 bat rays were obtained ln Tomales Bay during the
annual Shark and Ray Derby on July 12-13, 1975. Data from this sample are
reparted here. AII specimens were caught by hook and line In Tornales Bey.
The rays were brought In live and weighed to the nearest half pound wlltiin
1 0 hours or less fram the t I me of capture. The rays were evl scerater> r!n
arrival and stomach contents were removed and preserved in �$ forma!ine In
seawater. After 3 days the stomach contents were transferred Into 70$
ISapropyl alcoho'!. All diet ItemS were Identified within 3 WeekS al the col-
lection time. The length and width  or diameter In cylindrical organisms! of
ali !dentlfiable diet items were measured to the nearest millimeter. The most
commonly used baIt for catching rays were frozen anchovies, squid and the
echlurold, Ureohia oaripo. U. oarrpo used as balt that was found in the stomach
was easily differentiated from that eaten alive by the rays. The worms used
as balt were always flat, having lost their natural, rotund shape, and were
also tarn or punctured and much paler In color. U, coupo eaten alive main-
tained their red or bright pink coloration and live shape and never sliowed
signs of tearing or perforation. Surprisingly, no partially digester! U.
coupe were ever observed. Many of the orqanisms found In the ray stem!re!is
were o dlslntegrated as to preclude their identification or use In as! imiles
of their contr>but ion by weight or volume to the total dirt. Some species,
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such as the pol ychael ps 5<en»thurs br«»riti end Lrlrr>br!ne!'ere tetr'au!v! >Herc of ipr!
Indistinguishable and their cour>l, were combined, A few squid ar squid frag-
ments were present in some rays, but since squid were used as  >sit and could
not be dl fferent lated I lkn V. caupo, they were not counted. TI>e clams
Presue >!uttaZZii and Snaidomue rutalli wer e ldenl i f i ed ej fher f > <>m shel I fr ag-
ments or from siphon 1 i ps r!<I<i pl >lo and places of the fool, Livo clams col-
lected in Tomales Bay were examined lo obtain diagnostic criteria Ivr the
soft parts, We are indebted to the Palaluma  California>  !utdoar sr»en's Club
for their generous help in providir!g for the cvlleclian of thi, ,.!rnple. Ray
Richardson helped In many ways with organization and callectior! of samples,
We also thank Pacific Marine Station graduate students wha hell>ad < ollect
the samples,

Of ihe 422 rays, 285 were female and 137 were male. The wai<ghl dislributions
of the rays are shown in Figure I. Only one male over 20 kg was caught,
weighing 56.75 kg ir> camper ison with the largest Is>pale whi<h wr,lghed 63.79 k
Far»ales decrease rapidly in frequency from weights of 30 kq. upwards.

A total of 422 stomach s were examined, of
which 149 cantalned 627 Identifiable food
items. These were !n order of descending
numerilcal importance; polychaet es   Year!thee
brandti e Lumbri>!ez'eis tetraura!r 2 14; Vzechie
caupo, 99; Saaidowee nuttalli, l91; Vpogebia
pugctteneie, 74; Priapulus nudus, 65; 2'reeue
nuttalli, 34; Ca>seer epp. TC. grani Lie and
C. anthonyi! 21; Zfemigrapeue nudue, 12;
Lietriolobus pelodee, 3; l>facoma secta, 2;
tacoma naeuta, I; and Stylatula elongata
The third edition of Ligh'I''s Manual was used
to Identify the above Invertebrates  Smith
and Carlton, 1975!.

Ifo s igni f icant correi el lons between prey size
and ray size were found for individual species
or the total suilte of dilet items combined,
l-lowever, examination of frequency distribu-
tionss of pt oporl lans of particular items in
the diet of weight groups of rays or by per-
cent of stomachs containinq a particular
Item revealed distinct trends in bat ray diet
as a function of size. The results are sum-
marized in Figure 2, The data suggest the
follow'Ing trends ln bat ray diets. Bath
Vzechis caupo and Treeue nuttalli Increase
In Importnnce with increaslnq bai ray size,
whi la P!iapulue rrudue <1nd pal ychaei es drzcI"pa
in irnportanr.e ir> la! ger rays. Po I ychaetpe ep

' pear I o have e <naximum frerii>ency ol occurrence
in rays of middle size, b<  ween '5 and 25 ka.
Other trends are nof clearly apparent. Whi le
the frequency by i ferns of ilf>oi,ebia pugetteneie

Proportions of food Items in size groups of Hyliobatie rali for rri '<z.
Sizes are classed Into 10-kg weight groups. Proportions ai I iems
are shown as percentages of the total number of food Items lour»I In
the weight group Indicated, Proportions In stomachs are showr>,!s
percentages of stomach conte'Ining particular Items in the weiqh I
group Indicated.
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remains unchanged, its frequency In stcmachs Increases «11h size. No
clear trend Is apparent far Satidomue nut talli or Cancer epp. and the
data for Fietrolobue and lfemigrapeue are Insuf f lc lent to Indlc >te any
trends. The data suggest that there might be a relatively abrupt change
In diet In female rays above 30 kg in weight. Rays above this critical
size appear to special lze In feeding on Treaz>e >z»ttal li and Ureohie
eaupo, two of the largest and deepest burrowing organisms In Tomales Bay
benthic communities,

Comparisons of male and female bat ray diets for spec
weight or less were made using data on the numbers of
different diet items. The data are shown In Table I.
ranked in order of decreasing abundance and a spearma
coefficient was calculated. This was not significant
the basis of this small amount of data we conclude te
of male and female bat rays below 15 kg In weight are

The foregoing Information suggests that as Jf!jliobatie ealifornioa Increases
In size, larger, deep-burrowing organisms become Increasingly important
in the diet. The species that become very common ln rayS greater than
30 kg In weight, Ureoftie oawpo and Treeewe n»ttalli, are both deep-
burrowlng organilsms. U. eaupo occurs In U-shaped burrows down to I meter
In depth and T. >tuttalli Is known to burrow dawn to 0.5 meters  Fitch,
1953!. We can only speculate about the reasons for this change. Perhaps
there are mechanical consequences associated with large size that permit
large rays to burrow deeply and feed efficiently on larger benthic
organisms.

Table I. Frequencies of food Items in stomachs of male and female
Myliobatie oalifornioa 15 kg or less ln we'Ight

In his szudy of bat ray dIets In Tamales Bay, Ridge �963! combined
weight classes so as to have equal numbers of Individuals ln each weight
class. Thus, his smal lest size group Included rays up to I kg In weight
and the largest group combined rays between 15 and 50 kg, This proc ludes
comparisons of our data with h'Is f lndlngs. However ~ his largest size
groupup did show an increase in occurrence of larger clams, shrimp and
echlurolds. 'Hareover, Ridge i dent l f ied over 66 species of bent chie
organisms In ray stomachs, with 17 species of polvchnefes Identifiable to
genus. Our much shorter list af diet Items is probably due to our u ing
a sample taken on 2 days during the year while hfs samples occurred
throughout the year. In addition, we were obliged ta use rays kept olive
up to 10 hours allowing for digestion of many items before preservation
while Ridge preserved stomachs immediately after capture,

There are na estimates of the size af the feeding bay ray papu >tie»s in
Tomales Bay. Of 90 rays tagged at the beginning of June, 19 15 in
Tamales Bay ~ ane was recaptured In the bay 2 weeks later end 2 we> e
captvred In San Francisco Bay, 40 miles south of Tamales Bey, I mavin
later. These results are useless for population size estimation nnd
suggest that h lqh migration rates would not allow effective mark-re capture
estimates of abundance. Anecdotal obse>vations by Tamales Bay fisherr>en
indicate that schools of rays numbering In many hundreds can samoiimes
be observed In shallow waters. Scme believe that many tens of thousands
of rays might be present ln late summer. The extensive disturbance
due to ray feeding In Intertidal areas- suggests that subtidal predation
might be equally high. About 18$ of our sample consisted of rays qrea ler
th 30 k ln we'ight. Large hf. califor»ioa have been observed by divers
off Catalina Island, Ca I ifarn la . Our I ng the I r feeding act i v ll I os >ey
excavate deep depressions and attract many other fish which feed on the
organisms thus exposed  R. Schm ltt, Department af Biology UCLA!, There-
fore, It 'Is likely that bat ray feeding In Tamales Bay might eisa muke
more food ava'liable far other species of fish. During shallow wate> dives
In Tcmales Bay we observed that Urea!>ie caupo burrows were frequently used
hiding places for sma!I crabs, particularly lien>igrapeue epp. This suggests
that bat rays might also Indirectly regulate abundances of smal'I crabs by
affecting the abundances of Ureehie. These observations suggesi that

perlme tal stud'les of effects of bat ray predatlan on benthic co»Inunlty
structure should Include studies of Indirect effects on other pre n or
populations.

FItch, J.E, 1953, Common marine b'Ivalves at Cal lforn la. Fish. Bul I,
No. 90. State af Ca!Ifornia, Dept. of Fish and Game, 102 pp.

MacGl nit le, G,B, 1935, Ecological aspects af a Cal i fornla mar'ine estuary.
Amer. Midi . Nat. 16:629-765.
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invertebrates of the Central Cal I fornla Coast. Third Edi flan,
Un Iver sf ty of Cal I for»la Press ~ Berkeley, 716 pp,

D ISNESS ION: SESSION 5: INTERPRETAT IDN AND RESULTS

Immediately after Steve Obrebskl 's presentation, Jack Word asked about
the terrebel ld worm used In his studies. Oberbskl said that It was
Kupolmnia czeecentie and noted that the guts af the warms were always
paiatable; It was either the body or tentacles that weren't palatable.
And with other terrebelfds, if the body Is protected then only the
tentacles are unpalatable, and usually 'lt lives In a hard tube and has a
very rapid escape response. Obrebski afso mentioned that his response to
the question, "Why in the devil doesn't something get eaten when ft's
very abundant7" especially If It's exposed and active, Is to get scme oi
the critters and the fish, starve the fIsh for 5 days, and put some of
the critters 'In the tank; If they don't get eaten, then they are unpalatable.

Gary Smith said ',hat, in analyses of diet overlap and potentla'I campelillo»,
the key requirement is to Iaok at the food s >pply. Thus, without a food
11mitatlon there's na competition, but the abundance and availability of
food items are very difficult to measure. Obrebski replied, "I don' I
th Ink that food Iimitat'ion, per se, Is the criterion because, as yau know
from looking at Ivlev's curv~es, he Issue Is the maxlmlzatilon of feeding
ef f Ic I ency, Then, If a species Is feed I ng with a competitor that Is
s Imui taneaus ly reducing the dens fty of the organ fsms being fed upon, such
that lts efficiency decreases <because lt ls dependent on the density of
the food item!, then you might expect to have behavioral Interactions
between the species such as one or the other Increasing fts  feeding!
efficiency by chasing the other predator aut." Citing Juvenile chum salmon
chasing aut Juvenile coho salmon, he stated that "The Issue is not limita-
tion of resources but maxlmlzatfon of fitness, and that Is a factor
Independent of resource I fmltat ion fn a sense. "

Word asked Colin Levlngs whether h'Is collect1ans of amphfpods In the
estuary's currents produced Juveniles In both the Inner and outer dnlln.
Levlngs said that the data so far dldn't seen to Indfcale any dlffei~vv«~ .
in the size of the animals distributed through the water column. War<I
replied that female amphlpads don't appear to came ouf info the water rnlumn
as males or Juven Iles da, a'Ithough there may be transport via plant d~ lr itus.
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Asked how he dug hales In sediment to dup I icate those created by rays,
Glenn Van Blar1com replied that he just used his hands In the same manner
that the rays used their "wings," Ife was also asked whether swimming
activity had any ef'lect on canwiun!Cv sampling areas, Van Biai leam replied
that lf definitely was a problem and worth worrying about. IIi tried to
confine h Is sw inimlng act lv It Ies to carta In carr I der s and an I y r each out
of these In order to minimize disturbance. John Stephens asked
Van BlarIcom about the frequency of surge-related dist urhnnce In fhat
habitat. It apparently Is frequent during the winter, thaugh rare in the
summer. John Fiiisan asked about related sand transport and Vari Blarlcom
said that they had stakes placed In the study area and iiiese rtldn't
show much var ! at I qn; when I f d I d occur, It appea red to b ~ assoc I o t ed w I th
th occurrence of major sforms,

Si S lmenstad asked whether cert;.In areas had higher dens l I fes of holes,
Van Bier leam repi fed Chef Chere was no indication of any - referred
areas ~ I .e., a eel ai Ive I y randem act iv 1ty,

Obrubski asked I f there was any indicaf loii of how much of the reer el fment
ta the disturbance s I tes was sett I ament or mi grat ion; Van filar iran sa Id
that, although they were just generating that data, It appeared that
at least for crustaceans and pa I ychaetes, It was via migration.

The genera I discuss Ion started wl fh questions af Slmefistad reqardlng
performance of the plankton pump. John Slbert wondered how much of the
pump sample came from outside the I-m sampling ring. Simenstad said
that the divers wha manipulated the suction cone had obser ied a few
animals being sucked from outside the sarnpllng area and that they were
considering going to a cylinder In order ta be!ter isolate Ihe bottom
sampling area and prevenf lafera! contamination. The larger question Is
the percentage of the total available eplbenth'Ic plankton which is
sampled In a single 100 gal. 200 gal. 300 gal etc. sample and whether
organisms are differentlally available fo the pump. Sibert also asled
whether the I -m2 ar ea sample was subsarnpl ed; S lmensf ad replied that three
I/10 subsamples, with replacement, were used to characterize the whole
sample although It was a difficult tradeoff because you need enough to
provide the necessary biomass estimates but, by that time, you' ve almost
got too many to count.

The question was raised about the camparabf I Ity af I he pump samples with
core samples. Slmenstad said that they hadn't made any direct camparfsans
yet, especial ly since not many investigators had resorted ta a sieve
size as small as 200 u. Word recanmiended that they not be toa concerned
with different penetrations of the suction "field" In various substrates
because most of the organisms of concern occur In the upper few centi-
meters anyway.

Word also asked whether or not the pump system In operation made any
noise underwater; Slmenstad said that the divers could hear  or feel! the
gasoline engine powering the pump sa It was Impossible to say if 'the
pump itself was noisy. Robiln LeBrasseur commented that they can fiear their

plankton pump underwater, but that they could not detect any organl
re ac ng o ating to that as such. Bab Fel ler suggested Increasing the f I I ter inq

f theef f iciency  to prevent c logg ing! by Increasing the surface area o e
mesh relative to the mouth opening.

John Elf ison questioned the val fdlty of Obrebskl's use of the teim
"preference" to imply that the f ish was, ln some way, passing up ane food
Item for another, "when consider'Ing diets of 2 different fish, you really
need to look a lot c'loser at the benthos of the water column, wherever
their food Is, before you use this term . . ." He suggested thai we have
to be more careful In use af "preference," "selectivity" and terms of
that nature, Obrebskl agreed that his use of the term was Imprecise.
His data showed that In some instances there is similarity in faad Itimi-,
and sometimes there Is considerable dissimilar'Ity. He went an to cite
a paper on bluegill predation on Daphrri.a which was relative ta this
problem; 1 he paper addressed some theories about what It is thai I or aqei s
optimize, I.e. what size range of food items ls being optimized. One
o epo smf the points made In I'he paper was that these C lsh, when presenter> ~ I iii
a new, dl fferent size range of organisms, could almost Instantaneous yI
adapt their behavior so as to opt lml ze their foraging In this canfext,
This Illustrated why we shouldn't reaily Interpret anything unless wr've
had a chance to see the fish da something to diet Items offered In e tunk
or, optlmally, in a natural situation.

El I fson asked I f It wasn't more of a question of ava I labl I ity, Obrebskl
suggested that It's undoubtedly more complex than that � lt ls qui fe
possible that organisms, If they' re offered elternat'Ive Items, «I I I
switch to optimize both an items and size classes and their behavior will
also be affected by the presence or absence of other competing speci~a
through behavtorai Interactions.

Along the same fine, Gary Smith also wondered about the use of food
composition as ev'Idence of competition, optimizatilon or part ltlonlnq
strateg'les of predatory species, He thought that there was a good
chance that, If food ls abundant, It's Just a result of chance encounters
of food particles, not partitioning or selection but rather morphalaqles,
behavior, etc. Obrebskl said that, If you postulate a random encounlei
model to explain the abundance of a particular food or an organism, then
given a fixed morphology and forag I ng behavior, there « II I st I I I be
consequences as the amount of a particular Item will depend upon a
variable encounter rate. Thus he suggested that once you !now these
th I ngs, on I y then can you make statements about compet ft ion . Jim A I Ion
postulated that when food Items are In very low density, then It probably
Is a matter of prey avaliablifty but, If you' ve gat a large number of
species, representing a variety of escape responses, then It ls of same
advantage to a predator species to madlfy Its behavior such that It
optlmlzes Its predation on certain food Items.

Stephens recounted his experiences observing Rhacaehilue ueaea to
determine whether ! t was a grazer or select ive feeder. Because I 1 Is ~ne
of the least active and does the most searching, a diver can actually
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observe eye movements. He described how they make a number of
approaches to food I teaiis before f inn I I y consuming one such that you can
count bites/minute. When he eventually looked at their diet, they were
largely taking sraali molluscs. O1hor species which approache<l food
wilh less searching and associated eye movement were usually a~re
generalistlc in their diet.

PARTICIPANTS
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Washington Coop Fishery Ri ~ ll 6 i'i Ii
College of Flsherle'
University of Washing Io«
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�06! 543-647'5

Al I en, Merri I I James
Southern Gal Ifornla Coastal
Wa ter Research Pro J ect
1500 East Imperial Highway
El Segundo, CA 90245
�13! 322-3080Stephens also suggested that morphology can be deceiving, He cited

the cases of tooth structures in a blenny, !feeoetnnsehtfeye snndi,
which has teeth fused into giant clipping plates, a feature absolutely
foreign to that group. One would have thought that Is must cut algae
like a kyphosld bet, surprisilngiy, It's a plankton feeder.

Durkin Joseph T
Nat Iona Marine Fisheries Servirr
P,O. Box 155
Harrmorid, OR 97121

Ambler, Jul le
Room 230, Bu I I ding I
School of Oceanography
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Slbert returned to a prominent theme, that we had been dropping « lot of
terms I ike "compet It ion," "se! ect! on," "ave I I nb I I I ty" w ithoiit def Init ion.
He suggested that this topic might be suitable for I ater workshop
meetings. S'Ibert did add, however, that he wasn't sure "compet11'Ion"
has been too wel I def ined in the ecological I iteiature either, Healy
added lt was either that or overlydefined.
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Terry made a strong argument that you can 't look at Just one dilmens ion,
food, but need to Include space, feeding periodic'Ity, and so on.
Obrebskl described his observat Ions of sculplns feeding on harpacticold
copepods and clam slphons in shallow water; the fish sat In one place
and would suddenly dart forward and grab something. Crabs apparently
do the same thing; they sit' in one place and wait for a clam siphon
to appear to start pumping and then the crab takes a sw'lpe for It.
These observations, Obrebskl noted, made one feel that you know a whole
lot more about what's going on!
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Sam Bledsoe asked Stephens how he was going about putting together a
large-scale picture of trophlc relationships, inc! uding account ing for
the high degree of variability, etc. Stephens Indicated that he
expected every kind of problem Imag Inab I e. They w II I derive approx lma-
tlons at each level, e.g, caloric/biomass estimates by vis»al observa-
tions of Indicator species and extrapolate from these. Bledsoe returned
to the problem of large-scale year � year, month � month variability iln
bioiaass and abundance rnentiloned by Sfephens and suggested that either
the spatial scale Is too small to say anything about the particular
population or that they have to extend over a much longer time scale In
order to achieve some repetition. Stephens described how most of the
cycles they' ve seen of huge Increases In abundances have been occurring
all over the Southern California Bight and they are catching local
representations of what has been occurring. He cited examples of caiico
rockfish, Garibaldi, and b'lack croaker, all of which had recently gone
through huge population explosfons. Stephens suggested that 7 years was
way too short a time to get a handle on what was happenIng. He said fhat
one of the biggest problems Is the lack of life history tables, and no
estimates of sources of rnortallty and predation.
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