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FOREWCRD

tdeas for a workshop on Food Habits and Trophic Relationships of Paclfic
Northwest fish had been kleked around for several years. They coalesced
during a professlonal meetlng in March 1976, where regional food habits
studies were addressed superficlially. Ouring that meeting, and during
subseguent telephone conversatlons, we discussed the need for a workshop
coverling the present state of fish food habits studies,

As a result, the first Paciflc Northwest Flsh Food Hablts Studies Workshop
was designed to assemble West Goast bielogists currently studying flsh
tood habits for nformal discussions an sampling design and techn iquas,
analysis procedures, and current research. This type of research Is

somet imes nebulous--each investigator doing things just a little differ-
ently from everyone else. However, 1t seemed to us that the time had

come to compare notes, to discuss the marits of varlous techniques, and

in a forum for researchers with problems, to get the advice of reglonal
axparts In tha field.

Flyers were sent to people who we thought might be Interested in such a
get-together, Originally we hoped to hold it at Hammond, Oregon, where
tho National Marine Fisherles Servica mainfains a fleld station in an
old Coast Guard bullding. From the number of responses, it soon became
avldent that the field station could not comfartebly hold the group;
the oricinal expectation was to host about 25-30, but registration
evenfual |y reached 50 people. 8o the workshop was expanded to 3 days
and was moved to the Thunderbird Motel In Astorla, Oregon, where confer-
ence, room, and restaurant facliities were avalilable. Desplte Tts
remoteness, we consldered Astoria an appropriate setting both because
of 1ts scenic quatity end because attendees would be less likely to
wander off to more urban temptations as usually happens at meetlIngs in
big citles. ¥e alt came together, with a surprising minlmum ot iate
arrivals and no-shows, on October 1517, 1976,

One of the most important results of the workshap was that researchers

got to know each other and gach other's work. Conversations extended into
coffee and meal breaks and well into the night. Thls was the kind of

ix



Interactton we had hoped for, and apparentiy achleved,

Other than a general |1Imit on tength, there was no partlcular format
prascribed for workshop presentations. Thus, these proceedlngs represent

a varfety of subjects, rather loosely corgantzed arcund the five session
toples:

Purpose and samplIng design

Sampiing of benthic predators and prey: How different campler
and sampling technlques alter our impresslens of the benthos

Laboratory procedures and identiflcation
Data manlpulatlon and presentation

Interpretation and results

Although they cover the presentatlons, the papers assembled here vary
In length, format, and ovarall organizatlon. Hopefully, future pro-
cesdings papers wltl be more uniform in format. The discusslons (hatf
of each session) proved to be so meaty and worthwhlle that we have

transcribed these from tape recordings and have Included them here pretty
much In thelr entirety.

Because this was the first "gathering of the minds”, we planned 1o spend
a great deal of fime dlscussing methodology--and fndeed we did, Unfor-
tunately, even though the merits and dlsadvantages of varlous technlques
were discussed at length, a standardized method (#f thers Is one) was
not darived. We still need to define the prey dimenslons and waights,
etc,--their pres and cons, and the appropriateness of each ralatlve

to the questions belng asked, Theretore wa strongly bellieve thal ore
outcome of the next workshop should be a handbook on methodology of flsh
stomach analysis., Wldespread use ot such a handbook could riean that
results of studies along fhe Pacifle Coast of Canada and the Unlted
States, or anywhere else, might be more easlly compared,

Anpthar area that received much attentfon, but that could not be suffi-
clentiy covered Involved the statistics used In testing the slgnificance
of differert prey campositions. Several of the best statlstical analysts
in this fleld attended and answered many questions; however, many more
questions were posed in the process. The next meeting should Tnclude at
feast one entire sesslon on the use of statlstics as applled bo flsh pray
compesitlons. Again, an Important byproduct could be a handbook or at
least a chapter in the previcusly mentlioned handbook,

A third Ttem for Incluslon in such a handbook should bo a list of useful

sources, key, etc., categorized by taxonomic groups, used fu Identifyling
prey organisms.

After the workshop a survey sheet was malled fo attendees querying them
about thelr oplnions uf the workstop and thair desires for unothor one,

i that this workshop was 8
+urned guestionnaires, it appears ;
Fr029;293;3 that 1Eere Is a definite necd to schedule ?Imllardworkahops
Tﬁc¢he ¢utura. Several people suggested changes in fnga? a:ounfqu*h“r
clon toplcs. Others expressed the opinfon that working qi ﬁ,d }'j]
i:sn tormal presentations wouid be wseful. Still ofhors Ind c? Lded1;0
Th?s workshop was foo chort andg that the next one should ?e zx f:a
tion was weli receiwed, ]
days. Although the Astoria Yoca )
io:;e:suzywas +5 move to another scenlc tocat lon for the next meeting.
Because this type of research progresses slowly, new Informat fnn |2Tnnf
o rated fast encugh to warrant an annual meetlng. Therefori; To .
gezeondants tndlcated that we chould meet every other year, : cnt?”u,
;E pnex1 workshop In falt 1978. As co-chairmen for the firs m$E ' E,
weehave agreed to organlze the 1978 session. ‘rJ«;\;\«e:\'n:,-;;1 Hetg?fiansa]g ¥
tabl Tched tha e ch
the group wil! be well enogugh es ; °
L:gnedifogshiﬁ can be rotated among the varlous countries and state

culied from the people who
the success of this workshop resul
E;:?:L#Eafed. They shared a special enihuslasm for thelr work and had

t techniques. |1 was this
ss to |lsten to new and differcn )
:rzLLLI:g:iTcipafion by each person that made this workshop so profit

able.

Charles A. Slmenstad

Sandy J. Llpovsky

& June 1977
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INTRODUCTORY ADDRESS

Alonzo 1. Pruter, Depufy Director
National Marine flcheries Service
Northwest Tishertes Center
Seattle, WA

| would ilke to welcome you to the first FPaclfic Northwest Flsh Fond
Hablts Studies Workshop. { think we abvlously owe a real vote of thanks
to the co-chairmen, Sandy Lipovsky and 51 Simenstad. |t looks as |f

they developed a really Interasting, and useful agenda and gathered o grod
number of particlpants. | understand that you've come all the way from
San Diego 1o Fairbanks; you could actual |y rename this workshop Pacific
foast Instead of Paclflc Northwest with no prablem. They even managod

to produce some beaut!ful weather down here. | notlee that Si and

fandy have such a busy schedule outlined for you that you are not

going fo have much time to take advantage of the nice weather and

Jook around. That's a shame for those of you who haven't bLeen to Astoria
before because this clty and the surroundings have a lot of Interesting
thlngs to offer. Thls is the site of some Important commercia) fisheries
voth in the Columbia Qiver and nearby ocean waters. '

The Columbia Rlver has been used in many ways over the years; to produce
fish; to produce sand and gravel for bulldings; and as a deposl|t for
pellutants. The axpresslon "unique" |s overworked today but 1| think
that, [n many ways, Astoria 1s unique and has some important lassons

far everyons |f they will lock at the situation closely.

i'm always happy to refurn to Astoria. As 51 mentloned, | started my
career out hare about 26 years age with the Oregon Flsh Commission; In

tact, some of your agenda toplics bring back memerles. | guess my first
exposure to food studles was while working for the Qregon Flsh Comm-
1ssion in Astoria and | learned a few lessons. | recal! that one of

the things we were doing In those days was studylng the distribution

and 1ife history of the black cod. 1§ routlinely used to ride a lot af the
commercial trawlers out of Astoria that were fishing for Paclfic Ocean
perch; In those days the depth for traw!ing for them was generally

from 100 to about {50 fathoms. The black cod were guite prevalent al

the same depths and over the same substrate as the Paclfic Ocean perch

so the trawlers caught a lat of them with thelr perch cafches. |

used to look at and coljeet scazles for age studies and axamlne & lat

of stomachs so | thought | had a pretty good conception nf the feeding
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hattts of black ced. However, a few years jater a group of us refurned.
wlth a different organization, on a contract with the Atomlic Energy
Commlssion to do some doep-water traw!ing oft the mouth of the Columbia
River fn the Columbia River canyon. We found black cod commonly down
to depths of 400 to 600 fathoms. Locking at the stomachs from biack
cod at those deplths showed an entiraly ditferant feed'ng situatlon--
cannlibal 1sm among other things baing qulte common, In the deep water
one had a great simplification of the demersal community of black cod
and Sebastolcbus alascanus, scorpaenid rattalls belng the dominant
forms, 1 suppose, because of that great slmpliflcation of commun 1y
structure, the feeding hablts of black cod ware entlrely dlfferent at
those depths than In shallow water.

Even after thls episode, In the mid-1960's, we did soms af the first mid-
watar trawling with large mld-water trawls for hake off Astorla, Oregon
and Washlngton, and wa lsarned ancther iessan. The stomach contents

of the hake wers qulte dlfferent when they wers taken on the bottom or
when they wera taken in the wafer column; hake undergo dlurnal migration.
A researcher needs fo have complete goographle coverage In hls samp les
to really be able to generalize about the specles In question. Other-
wise, one had better conflne his Interpretation to the fimlted part of
the range wlth which he is deallIng.

There was another exclting dlscovery In terms of good studies, so con-
troverslal at the tlme that many people would not accept 1t. In tha
early 1950's, Or. Fukuhara, with our !aboratory in Seattle, was the
first American sclentist, to my knowledge, to go out with the Japanese
mothershlp flshery In the North pacific, Gult of Alaska area. This

Is a gilinet fishery, as many of you know, and Dr. Fukuhara tooked at
a lot of sockeye salmon stomachs and tound that they ware feedlng
predominantly on fish and squid., Many people woutdn't beljeve that
because sockeye salmon were known to be plankton eaters. But It was
true that in that part of the Gulf of Alaska sockeye salmon do feed
extensively on fish, smelt, myctophlds, and squid. Agaln the lesson Is
pretty clear, either qualify your romarks in terms of the gecgraphic
coverage of the animal or be sure that you cover the entlire range of
the animal.

The same sorts of lessons emerge whan one thinks about the sampling
gear Itself. You obviously need to know the selactive characteristlcs
of the gear you are using in order to properiy Interpret what you sea.
| see by your agenda that these kinds of topics are Included and It is
extremely fltting for a workshop of +his sort. | notice ajso that your
agenda Includes a discussion of food chain dynamics or trophlc
relatlonships, or eco-system studies or whatever you want to call it.
This, to me, is extremety important and glves the needed parspectlve to
foad hablt studies.

| must confess that | probably teei thils way so strongly right now

because of a personal experlence In which |'ve recently besn Involved,
and zm stiil, that has to do with passage of the Fishery Management

®iv

and Consarvatlon Act by the U.S, Congress a coupla of months ago. As
you undoubtedly know, thls extends the tishing |Tmlt of the United States
out to 200 miles off the coast. The etfective date of Implementation

of that 200 mile )imit Is March (st of 1977 and to comply with terms of
that Act It |s necessary o develop management plans to govern all of

tne foreign flsheries thal will bo occurring within 200 mlles of the u.s,
after Marsh t of 1977. Although the Act establishes reglonal counclls
around the country to develop managemeni plans fhere was not enough time
jor these councils to be formed and develop the necessary detalled

plans on such a short tima frame so the Department of Commerce was
assigned the task and 11 $11terad down to the Natlonal Marline Fisheries
Service--only for the farelgn flsherles aspect. So now at The Northwest
and Alaska Flsheries Center In Seattle we've been very buslly engaged in
developing these plans covering nine different fisheries extending all
the way frem the Bering S5ea down to Callfornia, including a wlde variety
of species such as groundflsh, shrimp, fanner crab, king crab, snails
(because Japan has & small snail ftshery in the Berlng Seal, and high
seas salmon.

The key thing that we have to determine in relation to each of these
plans Is the maximum sustainable yleld for each specles and the
equllibrium yleld at current populations, densities, and levals, How
1n doing this--because of the tack of data--we had to look at each ot
these specles and flsheries as 1% It sxisted in a vacuum and as If it
was not a member of a community of organlsms that interrelate to each
othar, compaeting for food end praylng on each other, We baslcally lgnored
these factors, not out of lgnorance but tor a |lack of understandling of
tha interrelaticnships, and that's not good. The resuit of that is to
reallze less food potential from the particular system you're looking
at than you could realize if you understood the relationships between
the diftarent animals and organisms in the system, So, to me, that is
one of the very relevant aspects of which you are going to be talking
the rast of thls week. The things you are doling now and in the fufure
make you all potentlally extremaly valuable centributors to the whole
management area.

We noad to know more that Just what a partlcular species is aating at

a particutar time of polnt In space. We nead to know the food habits

at dlfferent sizes and ages, particularly at the larval stages, which
probably are the crifical stages for determinlng year class strength.
One of the key features of good management is the abllity to predlct--
and we can't do that very wel! now. t+ seams to mg that food studles
ailmed at critical |lfe stages, such as the larvat stages, could help us
understand the mechanlisms behind year classes. In addition to year
class strength, | think we need to know a lot more about rates of trans-
ter of energy between trophlc levels. We need to know the effect of
selective flshing, or targefing on a particular species wlthin a commun-
tty, 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
slements in the community. When one begins fo add up all the things we

Xy
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need To know it becomes pretty sbvious that the oniy way to achieve that
knowiedge 1s through a real multi-disciplinary approach, coordinating the
sftarts of many researchers. {4's an awesoma task but 1t can be dane
and 1 think we have the too!s with which o do 1. One of the blggest
helps is the fleld of eco-sysfem dynamics and model ing that fs Just
getting started. | think that's fair to say. Thls field has a great
poteniial by being able to help us--1n the area of food s+udies, for
axample--to {dentify some ot the critical species ar elements In the
different systems. | Think enough s known abouf model ing at the present
time to at least polnt us in directions that will save us a lot of time
by filling In the gaps of know | edge for those particular specles of
elements of communities that appear to have the greatest impact or drlving
$orce within the systems. I'm gtad to see you are going fo have some
discussion of this In your wor kshop.

SESSION 1

PURPOSE
AND SAMPLING
DESIGN

P -

tp—— e

$¢ agaln | certainly commend all of you for comlng to this workshop. i

know that when you leave here you will be happy with the thlngs you

discussed. You may not go away all agresing to use the sams identical

methods in your studies but | bet you will go away knowing what every-

body else Is doing up and down the coast and thelr raticnale and It

seems to me with that kind of start It's oniy a mafter of time untll

you come 1o common agreement on technlques and methods, making the

results up and down the coast comparable to each other. Py

Y

‘z

N
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SEVERAL APPROACHES TO THE FEEDING ECOLOGY OF FISHES

Gregor M. Caillliet
Moss Landing Marine Laboratories
Moss Landing, CA

The Investligation of fish food hablts Is becoming very popular
among researchers in such flelds as ecology, lchthyology, and flsherlies
blolegy. 1T is not the Intention of this short paper to review this
rapidly growing t1eld, but rather to briefly present several approaches
to studylng flsh feeding ecology that we haye utillzed in studylng
fishes from three dfstinct habltats: the deep-sea basins off Santa
Barbara, Callfornla, In whlch the midwater flshes Leurogiossus stliblus
{fam! |y Bathylagldae) and Stenobrachlus leucopsarus (fami ty Myctophldael
wera studied (Catlllet 1972a,b); the Monteray Submarine Canyon, where we
have Investigated the sablefish {Anoplopoma fimbria) population as it
ralated to the local trap fishery (Osada and Callllet $975); and Elkhorn
S1ough, a shallow coastal embayment in central Calftornia, which harbors
a rich and Interesting ¢lsh fauna (Callliet et al. 1975},

In each of thesa three habitats, dlfferent questlons have been
asked regarding the teeding habits of resident fighes, but the basic
Intormation gathered was similar. That is, prey |tems Taken trom stomachs
and Intestinal tracts were ident| fied to the lowest possible +axa so that
prey compesition information would be as accurate as posslbie, Three
measuras of abundance were used: number, volums, and freguency of eccur-
rence of each prey ifem. These three measures of prey abundance tell
the Investlgator d1fferent things about the feeding hablts of a tish.
For example, the numerlcal Tmportance {usually sgxpressed as percent by
number, BN} and freguency of cccurrence {that properfion of stomachs
containling a speclfic prey item, %#F0} reflect the process of selection
ysed by the fish In Ifs taeding behavior by pointing out how many prey
and how often a cartaln type of prey was salacted, but [ittle about the
amount of nutrifion (or energy content) the fish galned from that item.
whereas, the voiumstric importance (percent by volume or welght, &) of
a prey [ftem indicates more about the nutritiomal value of the prey item.
In order to combine these three measures of "lmportance" of prey, a
single Index was derived (Plnkas et al. 197§) that proves useful In
ranking prey items, buf still allows %N, £V, and $FO fo be prasented
and svaluated separately. This "|pdex of Relative Importance"” (1.R.1.D
is calculated by adding the N and EV, then multiplylng the result by
LFO, thus calcutating the area of a rectangle produced by plotting a
three-way graph, In which gN and ¥ are plotted vertically and $FO nori-
zontally (see Flg. 7). These three measures of prey abundance can also
be presentad In Yabular torm (see Tables 1-3}.

In all three of our studies, we have caleulated |.R.1, values to
rank the prey |jems, but they have been used to answer dlfferent kInds
of questions about the feading ecology of flsh predators. These feeding
studies fall into five genaral categories, and serve 1o demonstrate the
dlversity of approaches that can be taken In fish tasding analyses,




For example, in order to understand the raiationshlp betwesn predator
and prey populatiens, one mus+ know something about what the predator
eats, how much It eats, and what ghanges occur temporal ly and spatiallty
in 1+s teeding hablts. Both the typa of habltat and predater will
strongiy dictate the wind of feed|ng study 1o be undartaken.

ate ostracods, Euphausla pacifica, and a variety of large copepcds
with no ttem predominating unless all slze classes of copepods are
pooted, The offshore fish ate relatively more euphausiids and Yarge
copepods, with much fewar ostracods. It 1s uncertaln whether these
dVtfarences are due to changes In preference or to varying availabil-
1ty. Mevertheless, before generallzing about the feedlng hablts of &
fish, one must Investlgate tha possibliilty of spatial differences

Feeding Habits_as Related to Feedlng Morphology

Feeding morphology strangly Influences the kind of prey a flsh oceurring.

can consume. Thus, It is important to derive an idea of the feading _ Temporal Differences tn Feedlng Hablts

capablility of a fish by studying its fanding morphology . This has been

done for such groups as flatfishes {de Groot 1969, 19713, surfperches The time of capture of fish may also strongly influence the kind
(DoMartinl 1963}, and the midwater fish familfes Mg 1 amphal dae and of food that fishes consume. Diel feeding chronology has bean bnvesti-
Myctophidae (Ebeling and Callliet 19743, I addltion, the alimentary gated for such groups as lanternfish (Baird et al. 1973) and flaffish
morphology of two of the most common midwater flshes from de<p-s5e3 {Thi jssen et al. 1974). Since both species studied off Santa Barbara
hasins off southern Catlfornly was studied 1o see how ciosely fhelr were vertical migrators (Cailllet 1972a,b), It was important to esfab-
fesding hablits reflacted morphatogy (Cailllef 1972a,b) . The smooth- | 1sh whether there was a diel perlodicity in their feeding that might
tongue, Leuroglossus ctilblus, was found to have a amallar mouth {wlth Ee related"To the migration pattern. One way Is ‘o actimate the
starter jaw tangth, but simitar breadth), fewer teeth, more closely- infensity" of feeding using a fuliness |ndex {subisctivety scared a5
spaced gill rakers, longsr intestinal tract (including 1wo s tomachs), 0 = empty; | = 25%; 2 - 50f; 3 = 75%; and 4 = %100 full) and a state

of digestlon index (Il = very finely digested, nothing recognlzable;
2 = medluw digesTlon, some recognizable parts; 3 = some digestion,
some undigested material; and 4 = undigesied, whole anlmals (Dewitt and
callliat 1972, Callliet 1972a). Then, a 4 X 4 matrix of ful Iness Index

and more pytoric caoca than the northern lampfish, Stencbraghius

loucopsarus. Alexander (1967) stated that Fishes with larger mouths
can batter grasp prey from fhe side, whila fishes wlih smaller mouths
can better suck in their prey. Also, Yasuda (1960a,b) reasoned that

the width of the gape determines fhe abllity of a tlsh to trap I1s prey, by dlgestion index can be constructed to resolve major feedlng states
while the jaw fength determines the size of prey, and {Yasuda 1950c) of (A) not recently eaten or full, including empty stomachs; (8) recent
that close spacing of gill rakers aids fish in filtering and catching but not tult; (C) recent and full; and (D) full but not recent (Cailliet
tood, especially smatler things |ike zooplankfon. Gut length may also 197281 (Fig. 1). Histograms can then be drawn to show the frequencies
Influence the slze and quantity of prey, with tish that have long guts of these four feading states to evaluate recency and Intensity of
tending to eat smalier 1tems (Darpall 19703, Thus, the feedlng morphology feeding amorg time and depth intervals {(Fig. 2). Leurogiossus feeds
suggests that Leuroglossus way be better at sucking in abundant soft mostly during the nighttime lIn shallow water, slnce the majority of B
itams . whereas Stenobrachius may be betfer at grasping a greater diversity and C catogorles were highest then, but fed some at middepth during
it less abundant but larger and stronger prey. The stomack content both day and night. These indices could be strongly influenced by slow
results indicate that these predictions are correct {Table 1}. Leuroglossus digestion rates, but this is probably not critical since Leuroglossus
ate mostly soft-bedied salps and larvaceans, whlle Stenobrachius ate ate mostly soff-bodied (and presumably quick-dligesting) salps and larva-
mostly larger and more elusive copopods and euphausiids. Thus, feeding ceans (Table 13. Thus, feeding intensity varled with time of day.
morphology was o useful way of approaching the fecding ecology of these Another temporal effect on feeding Is seascnal Tty (Frame [974).
f1shes . Lauroglossus was atso found to dlffer in feeding habits between oceano-
. . graphlc seasons (Table 2), Larvaceans and satps domlnated the dliet
Spatlal Differences In Feeding Habits during upwel!lng, but mostly copepods were consumed during the thermat
The locatlon from which sampies of fish are taken may have consider- stratiflcatlon perlod. Possitly thls dlfference is dus to a change In
able effect upon prey composition. in he same study, Leuroglossys tended prey avaiiabillty since salp catches tmostly Salpa fusiformls)decreased
to teed on similar prey in both the shaltow, Inshore Santa Barbara Basin during the warmer stratiflcation perlod (Callliet 1972a) in midwater
anc the deeper, offshore Santa Cruz Basin, while Stenobrachius dl £ fered trawl catches. At that time, Leuroglossus may have had to seek out
more betwesn basins (Table 1}, In bofh basins, Leuroglossus ate mostly copepods, which may be harder for fhe fish to catch. In any event,
larvaceans and salps, fallowed by osfracods, emall copepods, 7zosa larvae, seasonal 1ntluence should be considered when conducting feeding ctudies.
and euphausiids. Salps, which are larger than fthe more n?merous laryaceans, Feeding Habit Analysls of a Commercially Exploited Fish
made up the greater diefary bulk. The diet of Stenobrachius was 195s
imi lar beiwsen basins, with the primary difference being in the ranks This approach is distingulshed from the others | have dlscussed
of items and in the dominance of the most Important food. inshore, i+ because the fish being studied is commercially exploitad, and the kind

of prey items sych a fish (and Its compatitor) utilizes may I'n furn be




affected by the infensity of exploltation. Thus, In attempting tfo
manage that resource, lnformation on "interspecies relationships of

a type that can be Important In regulating population productivl ty:
predatlon™ is useful (Walt 1968, p. 133). During a irap flshery
project on the Monteray Bay sablefish populatlon (Osada and Callliet
1975}, we examined stomach contents to delermina the klnds of prey
they consumed. Sablefish from fraps set |n water deepar than 400
fathoms ate mostly large crustaceans (decapod shrimp and crabs!, squld,
and other fishes (Table 3). Thus, changlng the Intensity of the
sableflsh fishery in Monteray Bay mlight affect the trophlc role they
play In the submarlne canyon, both in terms of thelr prey utilizatlon
and that of thelr trophic equlvalents or potential compatitors, such
as the rattalls.(family Macrouridae}, which alse consume these kinds
of prey (Pearcy and Ambler 1974) .

an Ecological Approach _using Trophic Dlvers |ty ang Resource Overlap

In many cases, studies of fish resource uiilization are slimply
started out of sclentiflc curlesity, with I1t++le or no practical reason
other than to utllize ecological concepts to understand the trophic
Interrelationships of a population or communlty of flshes. Much of the
11terature dealing wi¥h trophlc ecolegy has not concernad flsh as
sub jects, but most of the concepts discussed, such as trophic diversity
or resource breadth (Hurtubia 1973) and food overlap (Horn 1966}, are
equal ly appllcable to flsh studies. Recently, researchers have been
applylng such concepts to varied groups 1lke micrecarnlvorois "plcker-
type™ flshes from kelp bads (Bray and Ebellng 1975}, k1lt1€éishes from
coastal waters (Fritz 1974), deep-sea rattalls (Pearcy and Ambler (974},
and demersal skates from the Atlanfic coast (McEachren ot al. 1976},

In this finat sectlon, 1 wilk briefly presant an ecological approach to
+he feedlng of flatflshes In Elkhorn Slough, Cailfornla. Many of the
obsarvations already made regarding spatlal and femporal dlfferences in
teeding are also evident from this study, but will not be discussed
further. Rather, | wlll stress the various ecclogical tocls we have

used to describe trends In the feeding habits ot four species of flat-
flsh: Platichthys stellatus, Paraphrys vatulus, Cl tharichthys stlgmaeus,
and Psettichthys melanostictus.

First, In order to fully describe the trophlc composition and
diverslty of a predator, a sufficient number of fish guts must be examined.
One way to determine sample sufficiency Is fo plot the cumylative number
of pray categories observed agalnst the randomly pocled number of quts
examined {Hurtubia 1973). The minlmum number of fIsh guts necessary
is estimated as the polnt at which fhe curve tevels, and once this leve!
is reached, the prey composltlon can be described with less fear that
some [mportant food source has been overiocked due to fnsufflclant
sampling. Such curves for $1atflsh at the bridge station Indlcate
that an adeguate number of gutfs would be between 60 and 80 (Fig. 3).

At the ocean statlon, however, Insufflcient samples of all fish but
Citharlchthys were cbtalned to adeguately describa trophlc compositlon.

Once sufflclent numbers of guts have been examlned, the resource

breadth can be described In a variaty of ways, inciuding the Index H

derlved by Brilloutr, and used to estimate trophic dlversity by
Hurtubka (1973) because ot [ts relevance to gut content analysis

Once H values have been calcutated for a serles of Individual fléh
the fraquency dlstrlbutlon of H vajues among Individuals should be'
cbserved to see tf the mean trophlc diversity wiil be representative
of the predator population as & whcle (Hurtubia 1973), Meoan H values
tor thase flatflish appear representatlve for both locatlons studled
excepting porhaps Platichthys at the ocean station (Flg. 4). '

S1nce diverslty Indlces such as H are Influencad both by a
richness component (the numbsr of species) and an evenness component
{J, the apportionment of Individuals among speclesh{Pielou 1975)
the compenent which Influences the trophic diverslty values mosf.
should be assessed. One way to evaluate this |s to plot both mean J
end mean H for sach specles at a locatlon (see Flg. 5). The higher
H for Parophrys and Citharichthys at ihe bridge station was Influenced
by relatively high evenness among prey specles, while both size classes
of Platlchthys had lower overall trophic dlverslty values, despite
high evenness. At the ocean station, where Psettichthys appears for
the first time, and has a low trophic dlversity, the trends were a bit
dl fferent, wlth Parophrys exhibltling the highest diverslty but relatlvely
low evenhess.

Prey composition for these fiatfish can be prasented by major
groupings (Fig. 6) or by 1.R.|. dlagrams, relating the numerical, volu-
metric, and frequency Importance of mare specific prey taxa (Fig. 7.
General ly, most Individuals fed upon polychaetes in both locations
whlte Cltharlchthys appeared to switch o amphipods and decapods a;
the ocean station (Fig. 6). Although [t 1s beyond the scope of thls
paper to discuss speclfic prey taxa, It is Interesting fo note that
tha dlfie?eniss fgund In mean dlversity and evenness (fig, 5) are also
spparent In the shapes of the |.R.I. diagrams, especlally when phry
snd Cltharlchthys are compared at the ocgan 5+afiﬁn {Flgf n. Feropniys

i¥ is posslble to more guantitatively evaluate dlfferences in
prey species compesltion among fish predators. Saveral ways tfo do thls
have been derlved, such as simitarity indlces (McEachren et at. 1976)
Kendal| or Spearman rank correlation methods (Bray and Ebeling 1975 '
Fritz 1974), and Morlsita's Index of overtap (Horn 1966, Pearcy and'
ambler |374, Bray and Ebelling 1975). We calculated Marisita's index
of overisp for £lkhorn Stough flatfish and noticed that Psettlchthys
at the ocean statlon had very low values when compared with all other
specles except Citharichthys, In which case both specles had been feeding
heavlly upon one specles of Acanthomysis (0. Ambrose, unpubl. data).
Aiso, the overlap values among the other flatfishes tended to be | ow
ranglng from 0.03 to 0.11. At the bridge statlon, however, overlap ;as
genarally much higher among the three spocles, ranging up o 0.95, A
general conclusion, based on all of the Enformation used thus far (Figs.
T 7), Is that Citharichthys an¢ Parcphrys are more generallzed feeders
while Psettlchthys, which [Ives only In the ocean and consumes mostiy ’
fish prey, |s more speciatizad and therefore had the lowest trophic
diversity.




Finalty, one must also evatuate whether the feeding habiis of
f1sh are variable due to preference of the predator for certaln prey

or stmply to differences in the avallabllity In the environment sampled.

Since our study In Elkhorn Siough was concurrent with a benthlc survey
of Invertebrates (see Nybakken et al. 1973), we were able to estimate
the relative avaliabliity of prey |tems (%P) and compare thls with

the actual proporficn each |tem comprised in the dlet {IR}, Then, we
calculated an electivity index {lviev 19611, which reflacis the food
preference of the Individual flatfish species. Agaln, discussing
indlvldual prey taxa is impossible in this paper, but I can be notad
that several .prey ifems were consumed in dlrect proportfon to thelr
avallabili+y, while many others were elther not weli represented in
the diet (the fish dld not take them, even though they were aval lable?
or were not captured In the benthic sampies (thus, the cores dld not
adaguately sample some items).

This comblnation of approaches is one way of attempiing to cover
the many ways fish feeding habfts can be studied. |t is hoped that
the above discussion will be useful to researchers deaiing In such
studies,
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Table 2. Major food ltems of Leuroglossus stllblus durlng fwo
oceanographlic pericds off Santa Barbara, Californta®

fish wara taken from Santa Cruz Baslin

UPWELLING PERIOD (May to July, n = 33)

$ood habits of some coastal flshas in Japan, Rec. (ceancgr. prey N Ty 1ro |.R. 1.
Works Jap. 5: [39-152. Qikopleura 56,7 37.9 46.8 4427.3
- ") salps (4.5 22.3 28.7 1056 .2
Yabie |. Major food ltems of Leuroglossus stllbius and Stanobrachlus N copgpods -2 mm) 11.5 12.9 20.4 497.8
leucopsarus_off Santz Barbara, Californla”® i unidentified —-- 8.2 9.7 9.5
: Euphaus|a paclflca 0.3 6.0 9.2 58.0
Santa Barbara Basin N 1 $FC LR, ostracods 1.8 4.2 4.2 25.2
Leuroglossus stllblus (n = 256) 200 larvae 0.2 2.4 3.7 9.6
Qikopleura 51.0 20.2 27.0 1920 .4
salps 18,8 3.6 38.l 1920.4 THERMAL STRATIFICATION PERIOD (Auqust to December, m = 34)
ostracods 13.7 15.9 23.0 £80.8
copepods {$-2 mm) 5,3 4.6 9.8 97.0 _ pray N gV _JFO I.R1.
crust?cean debris -6—; ISg |g§ ;gg copepods (less than | mm} 5.2 34.9 47.8 1916.8
zooa larvas - . . . copepods (1-2 mm) 226 6.5 45.8 1332.8
Euphausia pacifica 0.9 3.3 4.8 0.2 - copeEods {(2-3 mm) 21,9 9.6 37.7 1187.0
miscellanaous (7 types) 7.9 1B.9 33.3 35.0 b zoea larvae 11.0 10.2 47.7 icly.,2
Stencbrachlus leucopsarus (n = 349) I kop . . .
ostracods 20.7 (8.2 36.8 143].5 g gnizerlu?'i':?ad 20 |2.c2! gg.g 36,4
fuphausia pacifica 11.3 21.% 28B.1 97t.7 salps 33 10.9 I6.8 238.86
copepcds (1-2 mm) 18,3 I1.4 29.2 867.2
zﬁﬂigngar{!zaZbr:T; Ef 122 g;% 23168 % pdapted from original table in Cailllet (1972a),
fish | 14.92 2.0 26, 447.9
coiepf;‘;: FE 30 a4 7_2 ;;.s Table 3. Major food items of sableflsh (Anoplopoma flmbria) from
misesl laneous (10 types) 16.5 16.0 23.5 0.6 traps set deeper than 400 fathoms In Monterey Canyon*¥%
Santa Cruz Basin prey ] N o £F0 {.R. 1.
teuroglogsus stilbfus (n = 129) fish remalns ©o27.5 21.0 41 2241.8
Olli-\omeura 5{9)?i 'ﬁlﬁ g?r; I}gg}: i decapod shrimp 2.0 (1.l 16.8 388.6
salps . . . . squid 10,5 12.3 5.7 356.5
mpep?ds (1-2 mm} g-g ?f-g :i; :2;-3 unldenti fied material 9.5 H.l 14,7 303.3
zoea larvae . . . . decapod crabs 6.0 6.0 11.6 138.7
oopeﬂods (]35E than 1 mm) 5.3 ‘11.5 M.g 926{ Marlucclus productus 5.5 6.2 1.4 B6.7
crustacean debris — .9 8. 35, amphlpods 39 3.4 5.3 38.7
Euphaucia paclfica 3.2 2.6 5.7 35.1 cnidarla (Jellyfish} 1.8 2.7 4.2 19.4
mlscelianeous (9 types) 19.8 39.0 68.6 §34.0 crustacean remalns 2.2 1,7 3.2 12.2
Stenobrachlius leucopsarus (n = 145) euphausilds 16 0.9 4.2 6.7
Euphausia pacifica 24.9 32.5 44.7 2565.8 bivalves 2.1 1.3 3.2 10.6
copepods (3 mm +} 17.3 20,1 28.6 1067.6 Squalus acanthias 1.6 2.1 2.1 1.6
copepods (-2 mm) 17.9 7.1 27.7 709.1 unfdentified flatfish 1.6 1.2 2.1 7.4
copepads {2-3 mm) 6.9 5.0 16.4 195.2 mlscellaneous (13 types) 14,1 12.2 9.2 42.1
ostracods 8.6 5.2 15.2 194.6 -
Nomatoscelis difficilis 4.6 8.6 10.1 1333 Adapted from unpublished manuscrlpt by E. Osada.
crustacean debris -———— 6.3 19.0 118.0
miscellanecus (0 typas) 19.8 14.6 34,0 163.3
¥ pdapted from original table in Calillat (19722),
9
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Four Time and three daepth intfervais. The vertlcal ax|s measures
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ful Iness-racency states A-D (see Flg. 1) adapted from Callilat 19722).
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NERITIC REEF FISH COMMUMITIES--SOME PROBLEMS
AND A POSSIBLE SOLUTION

Richard G. Steiner
Dept. aof Fisherles & Wildlife, Cregon Stafe University
Corvallis, OR

Extensive diversity among the neritic flshes of the northeostern Pactific
Dcean s characteristic and apparently unigue to rocky reef habitats (Miller
and Gelbel, 1973). Much is still unknown about the ciology of Individual
fish species inhabiting these reefs and about the interactlions between These
specles. The purpose of this paper is to explaln how fand habitat studies
can be used to help understand the community ecolegy of neritic reef fishes.
In my presentation | will affempt 1o develop a conceptua! framework for
studying the feeding ecology ot these fishes and to briafly expialn how we
are using such a framework to study neritlc reef flsh communitles adjacant
to Depoe Bay, Oregen.

The Community Concept

The fundamental basis of the community concept in ecology is that coextensive
populatlons interact with each other and with thelr environments through the
transfer of ensrgy and materials,

in some ways It is difficult and In other ways 1+ Is very useful to conslder
neritic reef fishes as constituents of 2 neritic reef community. The dif-
ficulties are mainly in considering these organisms as constituting some sort
of discrete community which can be considered separately from other such com-
munitles. Such a consideration would entail much more information than Is
now available on the ferritoriality angd movement patterns of fhe constituent
species. This, however, s not wlthin the scope of the present discussion.
The uttlity of the community concept to the discusslon here is that, because
of the complexity of neritic reef food webs, an adequate explanation of the
feeding relationships of these fish populations is probubly best approached
from the perspective of an interacting fish communlty (¥Vinogradoy 1971].

‘Trophle Complex|ty

Merltlc reef food webs are good examples of extremely com © inter-
actlons, Trophlc Interactlans befwagn neritic reef ¥IshezI§:n+sz2L§rLTicr
tually organized Into successive degrees of interactlon depending on ﬂéL
direct the Interaction is. The only direct, or first degree trophic Inter-
sctlons are predaior/prey relationships in which food enérqy is actually
transterred from one organism to another. |In this complex-food webh each pred-
ator/prey Interaction represents an indirect, or lower degree InTeréthoﬁ éf
least to some extent with every other organism In the com%uni;y. Thi?

trophlc complexity obviously leads fo very difticult conceptual and m;1hodo-
logical problems for those who seek to understand these communities.

These dIfflcuttles are further compounded when the dynamics of trophlc intor-
sctlons are considered, MNeritic reef food webs are probably based mainly Qn
exogenous organic material--that which has its origin elsewhere, Planktonic
organisms (l.e. ctenophores, fish larvae, and invertebrate larvael aud smnri
pelagic flshes (l.e. herring [Clupea haremgus} and smelt (Thaleichthys
pactficuaj) probably constlitute the majority of this exogencus organlc pro-
duction. The fluctuatlon of the quantity and guality of this energy source
Is partly responsible for the dynamic nature of nerltic reef food webs [n
thls sense, the dynamics of these food webs are determined by factof% éxfrln-
slc to the community. There are also factoars Intrinsic to the commuﬁliy
which partly detaermline Its dynamic trophlc structure, one of the most avident
belng that food hablts of fishes change as they grow older. . -

Community Stabflity

This dynamic trophlc structure has direct relevance to discussions of com-
munlty stabllity. Systems are stable, that is, they persist fhroﬁqh Théfr
capaclty to change. Thls concept ot system stabliity cleariy encohpasseq
other meanings of stability such as environmental predictablllty and sys%em
response to externat perturbations. Because community stabtllty ultimaipf
determlnes the productivity of a neritlc reet community, those persons Y
raspensible for managing this resource should orient their Interests toward
under standing what regulates the stabillty of these communitles.

Trophlc structure and composition of these communities change on soveral
scales of time and space and therefore notions of system stabillty must be
placed In some context of time and space. What reguiates community stabifity
on an evotutionary time scale cannot possibly be perceived on dally, seasonal
or annual time scales. Similarty, stability regulation of these shérter !
time scales cannot posslibly be perceived In an evolutionary perspective.

Several mechanlsms have been proposed 1o be indlvidually responsible for the
stabl ity of a conmunity., Some authors consider trophlic-web complexity tu )
Increase community stability (MacArthur 1355%; Elton 1958), while others c@n—
slder trophfc complexlty to reduce or have |lttie effect on community stabilit
{Turabul! and Chant 1961; Debach 1964; Paine 1969; May 1971; Steele 1G74) Y
Others have suggested that parameters such as time-lag (Wangersky and Cun;in -
ham 1937}, threshold feeding responses (Holilng 1965; Steele 1974), life ?
history pattern (Murphy 1968), and spatial heterageneity (Simberlo;f and



Wilson 1969) are the major determinanis of communlty stablliity. Within thls
framework it becomes very confusing to discuss what |s responsible for the
stabitity of neritic resf communitles.

An Approach 1o Conceptuallzing Netitic Reef Fish Communltles

Many problems in conceptualizing nerltlc reef fish communltles oxlst bacause
successlve degrees of trophic interactlons operate slmultaneously and vary
temporal Iy and -spatially, Data collected on the tood habits of nerltic reef
flshes can lead Inductlvely only to very partlal generallzatlons concernling
thelr spatlally and temporaliy variant relationships. Indeed, even If data
could be collected which represent all possible states of every component
of thiz complex system, the conceptual problems in interpretation would be
almost impossible to deal with. However, a fundamenta! challenge for science

is to explaln the phenomena of complex systems in all of thelr dynamic states,

Albert Elnstein (1940) suggested that what is necessary to explain such diver
phenomena is a "logically uniform system of fthought" in which indlvidual
phenomena must be corratated with theoret 1¢c structure., The explanation and
functicnal significance of natural phencmena can probably best be understocod
in the context of a generally applicable theory. This notlon s supported
by Carl Hempel {1966), a contemporary philosopher of sclence, who wrote:
. .1f sclence were ta limit iiself to the study of observabie

phenomena, 1+ would hardly be able to formulate any preclse and

general explanatory laws at all, whereas quantitatively precise

and comprehensive explanatory laws can be tormulated in terms

of underlying principles.

One generally applicable theory, formuiated by Booty and Warren (n.d.) to
explaln fthe dynamics ot resource utillzation In bloiogical systems, represents
a possible approach to understandlng these complex communitles,
of rescurce utlllzation employs complex sats of non-1lnear Iso~llnes pro]ectet
on successive phase planes as a time-Tnvariant, general axplanalion of the
cantinuous flux of interdependent varfables. There is great utlllty of such
a thaoretical framework In which to consider systems such as neritle reef
fish communities. This theoretical framework eliminates conceptual difticul-
ties such as deciding whether a population Is regulated by density-dependent
or density-independent processes, or deciding whether community stability ls
achieved by mechanfsms intrinsic or extrinsic to the species |lnvolved., In a
very general way, it subsumes the temporally and spatially variant phenomena
which characterlze neritic reef fish systems.

Application of Theory

We are now in the process of collecting data on these spatialty and temp-
orally variant food relationships among fishes inhablting nerillc reefs
adjacent to Depoe Bay, Oregon. Analysis of these data should provide a
preliminary base for understanding the product Ivity and resource utiiization
wilhin these communities by helping us see what food resources are being
utilized by which fishes, We are also collecting ofoliths, scales, lengths,

Thelr theory § .

and welghts which can be used to back calculate relative qrowth rates of
fIsh species whilch, within the context of a fish communlf#, can lead to
emplrical generallzatlons concerning interactions batween these popula-
tlons, A more adequate explanatlon of the productivity and resource
utl{fzatlon within these communlties wil! come from accurate determina-
tions of stock densities, thelr filuctuatlions, and how these fluctuations
are corretated wlth enyironment parameters. |t will prabably be many
years before wa can obtaln such Tnformation, but this will be a neéessary
task If we are to successfully manage this resource. The utl!ity of
Booty and Warren's isocllne theory [s that, wlthin this framework, these
ralatlonshlps will become much more visual! and usable to us. ’ o

Congluslcn

Ona of the most important attributes of such a theoretical approach Is
that it should, for Its domain, help us see the fundamental problems
most demanding explanation and I+ should suggest the most promising
approaches to thelr explanation. Thus, within a framework such as that
provided by Booty and Warren's lsoclline theory, we can adequately assess
what questlons are worth answering with regard to nerltic reef fish
communities. It is clearly seen within this framework that spatial

and temporal varlatlon of trophic relationships among these f1sh poputa-
tlons is essential In our understanding of how these systems might
respond *o external parametars such as upweiling, flshing pressure, and
marine poliution, '

Fipaily, It is dangerous to belleve that we can ever perceive a system
precisely as It Is and so we must remain open to new and creative
thought and apprcaches to sclence, Elngsteln (1940), being the thecreti-
clan that he was, admitted that, at best, theoretlcal knowledoe was

"hypothetlcal avar
Bn:deUb+"- + never completely final, and always subJect to guestion
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A STUDY OF FISH FOOD HABITS AS RELATED
TO THE BICLOGICAL ENRICHMENT OF AN AREA

John P, Ellison

Southern Californta Edison
Thermal Effects lLaboratory
Redondo Beach, CA

John §. Stephens, Jr.

YANTUNA Ressarch Group and
of Occldental Cellege

Los Angeles, CA

Slnca 1966, the VANTUMA Research Group of Occidental College has been
examining the fish fauna of King Harbor, Redonde Beach, Callfornia. In
1974, Southern Callfornia Edlson Company began sponsoring this research
as a part of thelr research and development program In thermal effecis.
EdIson dlscharges warm efflusnt from thelr steam electrical generating
plant Into tha outer portlon of thls harbor,

Uttllzlng quentitative dlver Isobathlc trensects run monthly at prescribe
statlons and depths within and adjacent to the harbor and at comparative
sites on the Palos Verdes Penlnsula, Catallna fsland, and in Santa Monlc:
Bay, we have demonstrated that both numbers of flsh as well as numbers
of spacles are signiflicantly higher at King Harbor than at the adjacent
habltats studied (Flgs. | and 2, Table |},

Since 1974, we have attempted to analyze factors that could contribute
to this observed bioclcéglecal enrichment. A number of factors would appen
to represent probable sources of enrichment: thermal! discharge; upwellir
from the adjacent submarline canyon; the artlficial reef qualities of the
harbor braakwater ang Its protection of [nshore waters, and possibly
anrlched food resources. The first two factors, which result In con-
slderable thermal dlversity, have been demonstrated to affect fish comm-
unity diversity {Terry and Stephens 1976). Comparative studies in

ad jacent harbors (Los Angeles, Santa Monica, Newport, etc.) Indlcate thai
the artlficial reef guality of a breakwater doces enhance fish numbers
and that protected waters (Stephens et al. 1974) do support large popula-
tions, especlally of juvenile and subaduft flsh. However, as none of
the abova comparative locallitlies support populations of comparable size
or diverslty to that of King Harbor, elthsr thermal or food rescurce
enhancement or a comblnation of these factors appear to be important in
sustainfng the observed ichthyological enrlchment,

With this In mind, In 1975 we began a study of food hablts of King Harbor
flshes In order to resclve the role food resources might play in the
Ichthyofaunal enrlchment observed at the study habitat, Preliminary



studlies had been conducted by C. Terry (unpubl.} utilizing surfperch
populations within the harbor. Her emphasis was placed on the function
of food speciallfzation in resource divislen., This emphasls is maintalned
in our current design but has been supplemented by addltional approaches
which are more speclflcally directed towards the fotal enrlchment plcture.
Resource separatlon certainly can emhance diversity and perhaps allows
more effectlve resvurce utlilizatlon, therefore the malntenance of more
dense fish popuiatlons. Observations of resource separation through
stomach content analysis and fish feeding observations alcne, howaver,
cannot satisfactorlly reselve these possible effects though they may
demanstrata conclusively that resource separation exists.

In 1975, we began a multifaceted approach fo foced resource problems In
King Harbor based an Cathy Terry's original work with the Emblotocldae.
Tha first phase involved expanslion of her gut content studies to all
collectable icinthyofaunal elements, in order to place her original
observations within the total framework of the "harbor community”,

Speclmens were collected for stomach content analysis wlth glll nets,
spears, and traps. Fish feeding hablts were analyzed by dlver observation
and underwater cinephotography. Approximataly 30 of 45 common resident
species are included within these analyses. At present we have developed
a2 preliminary ciassification of King Harbor flshes using four baslc
categories: eplfaunal grazers, pescivcres, planktivores, and herbivores
{(Table 2). We are now subjecting these data to discriminate analysis
utilizing Ccclidental s |BM 376 computer.

Dietary preference data will also be run against Edlson's data collected
on invertebrate distributions within the harbor. |In additfon, our

divers are seasonally sampling the epifauna 1o glve us a qualitative
Index of changes In invertebrate community structure, Previously
determined flsh distributional data - depth, fTemperature, habitat,
season, otc. - can be correlated with food resource distributions; a

high concordance of thess data would appear to reflect an Interdependence
of distributions,

Periodlclty of feeding activity has been investlgated by both dlurnal

and nocturnal diving surveys. Llevels of eplfaunal graziug, the domlnant
feadlng in King Harbor, are belng Investlgated by fish exclusion experi-
ments. The effects of flsh exclusion cages on unmodified eplfaunal
growth as well as eplfaunal establishment (successlon) are being examined
at sevaral depths and localities with the harbor. Our fish cage experl|-
ments are supplemented by regular dlver observations and detalned stomach
axaminations of specles cbserved as Important grazers In the area of

the cages.

Analysls of the calorlc content of major eplfaunal dietary elements began
In 1975, These bomb calorlmetric studles wlll contlnue seasenally and
as adequate quantities of food itams are collected.

Levels of food intake, assimliatlon, food converslon, and growth are being
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examined by a varlety of means. Basic growth characteristlcs for each
Important species are being estimated by otollth examinztion. Ololiths
and fecundity are examined on all spacimens collected for stomach conlent
anatysis. Juvenlles of selected groups of ecologically Important specles
are being malntained in our laboratories and will be used during the next
year's food conversion studics. These studias will be carrfed out af
three temperatures representing the therma! varlatlon wlthln the harbnr.
Estimates of food utlifzatlon (using prepared standardlzed faods) will

be developed. Durlng Year | of this study, Ehrlich restricted his
efforts to grunlon and top smelt because of ease of raising these Fish
from egg to adult. He was abte to show a strong correlatlon between
praferred temperatures and assimilation efflclency (Ehrtich, pers. comm.}.
€stlmates of food converslon can then ultimately be correlated wilh
feedlng observations (i.e. bites/minute), grazing cbservations {epifaunal
gronth with and without grazers), fish growth, estimates of biomass of
harber flsh populations, and estimates of reproductive energy drain and
flsh recrultment,

The alm of this study Is not only to determine the role that food re-
sources In Klng Harbor mlght play In the ichthyofaunal enrichment of fhe
area, but to ultimately develop an Ichthyocummunity resource model along
the lines developed by Parrish (1975) which will detine the role, it
any, that thermal eft(uent plays in this system. ’
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Figure |, Average number of fish observed per transect
at Klng Harbor ang Falos Verdes,
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Taeble 2, Trophlc categories of fish from King Harbor tusing preliminary
distary analysls data}

Secondary Carnivores, etc,

Herbivores Pianktonotrophs Grazers (generat) Predators
Hermosilla ngraulia Rhacochilus Paralabrax
Girella (A) Chromis torotes elathratue®
Medialuna {A) Seriphua Phanierodon Paralabrax
Hypaoblenniue Sebuastea furcatus nebulifer Q, T
gilberti mystinug (J) Hypsurusa Paralabraz
Sehastes earyi maculalefaseiatus®
Primary Carnlvores sgerrancides (J) Bubiotoca Sardg
Neoolinus Jackaonti chiliensis
Clinceottue stephensae 1S  Micrometrus Sebastes
auglia* JS Hypsoblenniug minirmg paucispinte
Hypaobilenmius Jenkinai J5 Hyperprosopon Heterostichue
gilberti* JS Cymatogaster (1)  argentewn rostratug*
Gibbensia Atherinops Caulolatilus Seorpuenichthys
elegane® |5 affinie* Q princeps maimo tatua* 45
Rhacochilus Rathbunella sp. Gibbongia Seorpaena
vacca® metai guttata T, IS
Gibbonsia Paraliethys
elogans* oclifornions Q
Clincoottus Sebastes
analie* auriculatue Q
Seorpaenichthys  Sebasies
marmoratus® carmatus 9
Coryphopterus Sebastes
nicholsii gerronotdes (R), T
Anisotremus
davidsonti
Oxylebiug
picta
Cheilotrana
ealurnwm
Mentioirrius
undulatus
Cithariehthya
stig aeus
Atherinops
affinis
Hypeiypope
rubiounda Q
tiglichoeres

* = facultative

15 = Stephens (unpubl. data)
¢ = Quast

T = Turner

semicinetus ¢ Orazers (general)

Oxyjulis cantinued:
californica

FimeLlometopon Hexagnuvistog
rulohmen Q decagramma T

SAMPLING CONSIDERATIONS IN THE AMALYSIS
0OF FOOD WEB RELATICNSHIPS

Gary B, Smith

Natlonal Marine Fisheries Service
Morthwest Flsherlas Center
Sasttla, WA

One of the first steps In any sampling survey is a clear statement of
objactives. In anatyses of food or feeding relationships, it is important
that the samp!ing design and data to be collected be selected based

upen thelr relevance to the study's overall goals. Three common inter-
related objectives In feeding studies are:

(1) To ldentity predator feeding roles and activity
patterns;

(2) To determine predator food composition and feeding
rates; and

{3) To evaluate characterlstics of prey selection, wlth
comparisons between predators.

These objectives can perhaps best be approached by a combinatlon of
behavioral end morphological observations, laboratory determinations, and
anatytlcal studies of results,

Identiflcatlon of Feeding Rales
end Actlivity Patterns

The advantage of class|fylng predaters Intoe general feeding roles
{"nocturnal planktlvore™, "dlurnal epifaunal picker”, etc.) is that the
functlonal descriptions may have wide applicabillty throughout each
predator's zoogsographlc range, even though prey compasltlon may vary.
As a result, the Tdentiflcation of general patterns of feeding behavlor
provides a basls for evaluating the functlonal structure of communities
[Allen, 1974, 197%),

A starting polnt for any study of feeding bshavier |s a critical examina-
tlon of the predator morpholegies. In many cases, the approximate feed-
ing behavior of flsh predators and types of prey they feed upon can be

interred by examination of predator body size and shape, orientation and
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slza of the eyes, and the structure and size of teath, jaws, and gl
rakers {De Groot, 1969; Yazdani, 1969; Goslline, 1971; Ebeling and
Calltiet, 1974; Hobson, 1974},

Behavioral observations in the fisld and laboratery can also provide koy
information for the class|ficatlon of feeding rotes: how is food obtalned,
and what are the activity gycles of predators and prey? s the predator an
active searcher, or does it sit and #alt? Are prey selected visually,

or by tactile perception? Is feedlng off- or on-bottom?

If sampling 1s to be conducted examining food compos!ition and/for feading
rates, then an important behavioral observation |5 the detormlnation of
predator activity patterns: does foaoding fallow a dlel cycle, or 1s 1+
continuous? Numerous #leld observations have documented striking dlEf-
eences In tha feuding behavior of shailow-wataer flshes betwosn aay and
night, durlng twilight hours, and botween morning and aflerpacn {Keast

and Welch, 1968; Hobson, |965, 1974; Hobson and Chess, 1976). Claarly,
the timlng of sampling for food analysis needs to ba related ro the timing
of predator feeding periods for at least two regsans: (1) If feeding

is markedly pariodic, then lood compositfon Is most accurately determlined
by sempling just following the end of lhe feeding perlod, before

digestion (Windel!, 1968); and (2} for evaluation of estimates of feeding
and digestion rates,

Determinations of Food Composition
and Feeding Rates

1. Listing of Food Items: What ig eaten?

In the simplest analysis, foeding relationships can be described as the
{1st of prey specles found within pradator stomachs examined. A measura
ot the fidelity of gach connection 1s the food [fem's frequency (cr
proportlon} of occurrence within stomach samplas.

If meaningful results are to be obtained, caretul attantion must be

gfven to survey design {Cochran, 1963). A specific target population
must be ldentlfled, and related to variations of predator and prey In
both time and space. The distribution of sampling, and sampilng effort
(=number and size of samples), must be related to overal! research
obJectlves. Randomization should be Incorporated so that each [ndlvidual
fish in the target population {and samples} has an equal chanqge of
salection. As opposed to the collectlion of large single samples, the

use of smallaer Interpenetrating subsamples enabies assessment of varlance
wilthin sampllng parleds,

Since the qualitatlve composition of food ingested Is frequently related
to predator slze (Tyler, 1971, 1972; Daan, i973; Jones, F9759), It Is

often desirable to subdivide the sampled predator population on the basis
of size class Intervals. The size of the sample taken from each intaervat
should then be proportional to the number of Indlviduals wlthin each size-
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The method of samplIng must be evaluated as & potentlal source of blas.
Specimens collected In towed net samplers (plankton nets or trawls)

may feed on unusual prey with the net, or have unusual items forced inte
thelr quts {Judkins and Fleminger, 1972), SamptIng method and d1fferen-
tlal effects of samplling depth must alge be consldered In assessing the
occurrences of empty stomachs.

The selectlon of sample size for determinations of proportiens of proy
occurrences can be based upon a relatfon of sampling theory and survey
objectlves for precision of estimates (Cochran, 1963}, The frequency of
occurrences/non-occurrences of a prey specles withln stomach samples
would be expected to follow a binomlal probabliity dlstribution. #s a
result, confidence limits for sample proportlens can be readily deter-
mlned graphlcally (Tate and Cleltand, 1959).

2. FRelative Food Composition: Principal prey

Many, if not most, studies of feeding result in a dascription of each
predator's relative food composftlon as an approach +o ldenttfying
principal prey. In subsequent analysos of the divislon and use of food
resources, comparisons of food composltfon ars often made between
predators {Dragovich and Pottoff, 1972; Tyler, 1972; Jones, 197%).
Descriptions of relative composition (expressed as percent contributlion,
or average welght of individual food categorles per stomach} should be
recognized as distlnctty different from estimates of feedlng rates.

The choice of the unlts of measure (numbers, volumes, wet weights, dry
welghts, elemental weights, or energy squivalents) must be based upon

a relation of research objectives and cost. It Is Important to recognize
that different types of measurements may glve markediy different results
(Holden and Raltt, (974},

Blases [n the determination of relative food compasltion include;

(1} readily digested prey may be underest|imated: (2) problems in the
enumeration and measurement of fragmental and amorphous materials
{mucus, detritus, chitin, bivalve siphons, etc.}; and (3) +the potential
influences of discontinucus feeding patterns must be consldered.

3. Feeding Ratea: How much ia eaten?

Although the Tmplled objectives of most feeding studies are to determine
foedIng rates (energy or materlal flux f-‘, or prey mortal Ity =1 and
the relative contrlbutions of indlvidual toad sources to these rates,

few studles of marine flshes have convincingly estimsted natural rates of
food Ingestion or predation (Lasker, 1970; Trevalllon FTAL., 1970;

Daan, 1973).

Food consumption rates can be estimated by three principal approaches:
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{1} direct measurements of prey abundance before and after predator
addition/exclusion (lab or fleld}; (2} measurements of digestion rates
by laboratory feeding followed by sequential assay (lsb), uptake of
radicactive isotope-labelled prey (lab), or following the digestion of
stomach contants of strongly dlel-feoding predators (field}; and (3)

by determination of the predator's energy or material budgets {Windell,
1968; Davls and Warren, 1968; Southwood, 1975).

A number of tmportant facters and potential socurces of blas must be
considered. An attempt must be made to quantitatively assess oucurrences
of empty stomachs, and te evaluate the percentages representing stomach
averslon, food régurgitation, or frue lack of contents (Daan, 1973;
Fearcy and Ambler, 1974}, Temperature can be expecled fo strongly
influsnce feeding and digestion, with changes In rates of approximately
7-t1 % per t OC change (Wleser, 1968),

Evaluation of Characterlstics
of Prey Selection

The terms “speclallst" and '"generallst™ have frequently been used to
compare the feeding charactaristics of dltferent predators. Within-
surveys, these descriptions have meaningful applications (with definition?
for comparing the number of prey specjes, distribution of amcunts of
each prey, and range in prey slizes observed among different foragers.

Maaningful use of the terms “selectIvity" or "food preferences™ must be
assessed in the context of relatlive prey availabllitles. Relative

prey avaiilabliities may, or may not, be related Yo prey abundances. |If
comparisons are to be made of food resource use and division between
predators, stomach analyses should be restricted to Individuals co-
occurring wlthin samples (Jones, 1975).
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INTERACT IONS BETWEEM JUVENILE SALMON AND BENTHIC INVERTEBRATES
IN THE SKAGIT SALT MARSH

James L. Congleton and James E. Smith
washington Coopera¥lve Fishery Research Unit, College of Fisherles
Unlversity of Washlngten, Seattle, WA

Objectives, Sampling Deslgn, and Preliminary Results

This past spring and summer we conducted prellminary sampling of flsh and
benthlc invertebrates in the salt-mudflat system of the lower Skaglt River
In Puget Sound, Washlington. During the spring and summer months, the nu-
merous small tldal streams that discect the surface of the delta In this
area supported very hlgh populations of starry Flounders {Platichtys
atellatus), staghorn sculplns (Leptocottue armatus), three-spine stickle-
backs (Gasterveteus aculeatus), and the Juvenlles of chum (Oncorhynchus
keta), chinook (0. tehawytschal), and pink (0. gorbuscha) salmon. The pur-
pose of our sampling was two-fotd. First, we wanted to obtain a genaral
picture of utilization of the delta area by fish and to assess the impact
of thelr predation on populations of the benthic Invertebrates which com-
prise a large proportion of their diet. Second, the study allowed us to
evaluate various approaches to sampling which may be usefut for future
research. In this preliminary work we have concentrated our efforts on
Juvenile chum and chinook salmen.

Fish sampling techniques

After experimenting with traps and with a 25-m beach seline, we found that a
7-m wide by 2-m deep beach selne with 1/8-inch mesh was both effective and
practical. It was light enough to carry on foot, and sultably sized for
sampling 5-to 10-m wlde tidal streams.

Most of our sampling was done in Index Slough, near the South Fork of the
Skagit Rlver. We established 6 statlons at 80-m Intervals along Its length
and made 10-m hauls during low tide pericds. The effectlve spread ot the
7-m salne was about 5 meters. Flsh were Identified and counted fn the
tleld. Selected samples were subsampled; the subsamplas were preserved and
returnad to the lab for dlet analysis and length-freguency measurements.

Results

large numbers of chum and chlnook were present In The tidal streams in late
Aprl) and early May. There was a sharp decline In early May (Figure 1);
the peak outmigration may have preceded our Inltlai sampl Ing.

Our preliminary dlet analysis of chum salmon Indicated active feeding in the
tidal streams. The values for percent fu!lness of stomachs, shown in Table |
are generally quite high, although the fish at station 5 had not fed as

much as those at the other 2 stations. Since station 5 had the highest fish
density, it is tempting at this time te speculate that this difference may
reflect intraspecific competiflion.
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2. Harpactlicald copepods, whlch warg
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e stomachs, but accounted for less
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// Our spring sampling has led to many
/ speclfic questlons about the effects
// //‘ fish predation may have on the In-
vertebrate populations. For examp la:
What (s the Intensity of predation '
and what Is Its effect on the abun-
dance and size distribution of pray
organlsms, both in tldal streams and
on the adjacent marsh? Can the Ip-
vertebrates In tidal streams support
this predation pressurs through re-
preductlon along, or does Immlgra=
maintaining tldal stream invertebrate po;l?:$§;s:?tha fiate play e role in
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Figure I. Estimated density of
{uv?nlle chum and chinook sal!mon
n Index Slough, $pr)

Fish per togne” | o" 1976

Ptanned future work

To answer these guestions, b
» basic life history information {s r
) 4 requi
I?gsgre;*;g?g;eznc$acernad. ire are obtaining thls data from Tugusgzﬁc;:r
. e community structure of salt marsh benthic | l 1
second, benthlc sampling conducted concurrent |y with our fish Sam;:?:;ebrafes,

Table . Feregut contents (d
c y welght as percent dry body welght) of
salmon collected from 3 Index Slough Statlicns on ﬁpr?l 30? 1gggm

STAT tON N X 5.0 RANGE
1 10 3.88 - -
3 10 5.18 1.96 2,46 - 7.71
5 10 2.04 1.62 0.18 = 5.04

——————

"Ph.D. Thesis ressarch of J.E. Smith
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At several fish sampling stations we have establlished 4 "transects" along
each of which we are taking 5 benthlc cores at montly to bimonthly intervals.
Two of these transects are located withln the stream In ares of presumably
high predatlion pressure, and the other 2 are placed on the adjacent marsh,
where predatlon pressure {s assumed to be relatively low. Fish sampling in
t1dal streams will continue to be by selning at low tide, with additional
trawling or collacting by other methods on the adjacent marsh and mudfiats
at high tide to quantity predation pressure outside the streams. A dlagram-
matic representation of our sampling scheme |5 shown in Figure 2.

Figure 2. Typical Index Slough section showing
seine, core sample, and trawl transects

Samplling will be conducted throughout the next year to monlter Fish popula-
tlons and to gather data on Invertebrate populations before, during, and
after the strong spring puise In predator abundance. Eventually we hope to
reflne this approach to estlmate the carrying capacity of the salt marsh
for juvenlle salmon.

Application of Information to Fisherles Management Froblems

Most of the streams and rivers ertering Puget Sound have--or once had--salt
marshes of greater or lesser extent In the tldewater zone. All of these
streams and rlvers also support runs of one or more of the 9 specles of
Paclfic salmon. Flshery biologlsts have sometimes noted large numbers of
juvenlls salmon in salt marsh streams (R. Orre!l, 1976, persenal communica-
i{1on) but avidence for utillzation of marsh food rescurces by salmon has
been lacklng. Our Initlal sampling on the Skagit Rlver delta (spring, 1976)
Indicated that large numbers of chum and chinook fry were feeding In the
marsh. We do not yet know how tong the fish reside In the marsh, or what
portion of total chum and chinook outmigration s Involved. However, the
high denslty of fry observed in tldal streams in late April (ranging from

200 to over 800 fry per 100 m2 at some stations) and the higher percentage
of fry with full stomachs suggest that the Skaglt salt marsh may be an Im-
portant foraging area for downstream migrants. More detailed information
on the feeding of salmon fry In salt marshes will be valuable to agencies
with responsibllity for management of salmon resource, for several reasons.



First, it surviva! of outmigrants is snhanced by the presence of salt marsh
habitat, this provides a strong argument for preservation of marshlands. |n
the absence of hargd avidence waighing in favor of marsh preservation, a
large portion of Puget Sound's marshiands have already been dredged, filted,
or otharwize altered. Reclamatlon of the Skagit delta for farmland began In
the [800's; teday less than twenty percent of the orlginal marshes remaln.
The Green and Puyallup River marshes have been cbiiterateq by industriafl
development, and much of the Snchemish River salt marsh has been altered by
land fIlis and log raft storage. Because of continuing pressure for davei-
opment of remalning delta areas, documentatlon of the acotogical Importance
of salt marshes is essentlial.

The second major polnt is that vnderstanding ot interactions between Juve-
ntle salmon and their pray in the salt marsh, and beyond in the main estuary,
would 1acitjtate devetopment of optimal rearing-and-retcase strateglies for
artificially propagated salmon, For example, the timing of releases of
hatchery fish shoutd be such that adequate natural food fs avallable when
they anter the estuary, At present we know very |lttla about seasonal
changes in the abundance of estuarine prey orjanisms., In contrast, Japanase
chum salmon culturists are reported to carefully monitor the abundance of
zooplankton in nearshore waters and to release fry only whan condltions are
Judged favorable for their survival. [t is not possible to speclflicalty
ldentify the benefits derived from thls procedure, but certalnly the Japaness
chum salmon program has been an outstanding success, and high fry-to-aduf+
survival rates have been achieved,

Development of optimal release strategies for hatchery fish will also re
quire knowledge of the carrying capacity of sal+ marshes and of the [Ittoral
zona in the estuary, where Puget Sound chum and pink salmon fry concentrate
thelir feeding activity (Fefler and Kaczynskl, 1975). Food avallabll Ity in
salt marshes and in the littoral zone may constrain the number of fry that
should be released In any rlver system or part of the Sound. Althcugh pro-
duction of wild chum apd pink satmon In the Puget Sound reglion is present|y
much below historical peak levels, artiflclal propagation ot chum salmon may
increase rapidly from the present tavel of about 20 million fry per year to
over 500 mlltlon fry per year within the next decade. The Nisquaily River
system alone 1s believed to have encugh avallable spring water to |ncubate
600 to 700 milllon chum €ggs. More reallstically, if the number of chum fry
viilizing the Klsqually delta Is Increasad by 150 to 200 miltlon, how wiii
populaticns of praferred prey organisms, such as Corophiun salmonis, be
affected? And If the growth and survival of fry is progressively reduced
dua to ingreased Intraspaclfic competition for food, at what point will ad-
diticnal investment In hatchery facllitles cease to be cost-effective?

These are important questions, since a “crash" enhancement program could
easily evershoot the optimal production level, The return of adults from a
reiease of chum salmon fry Is not known for 4 years, and even a strong down-
wart frend in fry-to-adult survival would not be conclusive without 4 or 5
years of data. Hence, & rapid expansion of hatchery facilitlaes could
continue wlthout contravention for % to 10 years after the cptimal production
leval has bean excesded.
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i td undoubtedly demonstrate
Il the published titeratura wou : : '
A fEDUI:tlggﬁo;fafhe reszarch comp leted on salmonid fishes has de?l1 :Llh
fh“f?;shwa‘fer phase of the |lfe cycle. Yet, mortalfty raTT? dugl:g bp‘QXL
::iuarlne or "early coastal” phase of the ITfe CY?;E ire ngﬁgveRDyal s
:ar fo year arker, H , 16 .
- high and very varlable from year _
Tram?:: ;hg technical difflicultties, much more ef fort musfib? pgf‘lnéﬁile
?gspfifylng the tacters that determine the estuarine survial of juv
en

salmon.
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DISCUSS1ON:  SESSION |; PURPOSE AND SAMPLING DESIGN

A dliscussion ensued regarding the mouth
fiatfish. The English sole and starr
of smal!-mouth fish
mouth fish, One

size versus feeding hablts of
y flounder were clted as examples
+ and sand sole and sanddabs as examples of large-
could reasonably expect the large-mouth flsh to feed
more Intensively on fish than on crustaceans, which Is the observed

casa. A frophlc analyst ought to consider the functional morphotogy of
the fish related to the food [toms I+ Is capable of consuming.

Greg Callllat mantloned that the flish r

not adults, including English sole. The smalier flsh Ilve far up in
KIrby Park, and as they get larger, they move offshore. By the time
they reach a sub-adylt siza, they sre on thelr way and become part of
the fishery In and around the edge of the canyon. Starry flounders and
perhaps a few of the sanddabs get ofder in the area, whlla the other
species use it oniy In the Juvenile stages of tifs.

eslding In Elkhorn Slough are

Talvo Laevastu suggested that wo ought to thoroughty examine the older
Eurcpean !lterature to see what other scientlsts have done--both to
supplement our knowledge and o make certaln that we are not wasting
valuable research dollars by repeating some long-forgotten work. As

an example he clited work done In the sarly 1900's by Petterson, publ ished
2s Evaluation of the Sea I, Il, and 1. Steve Obrebskl acknowledged the

volumes, but said he had not found [n them useful Information ragarding
analysis of Interacting commun|fles,

Obrebskl cited the work of Bab May (published in Nature and American
Naturailst) regarding stability anaiysls. How valid are soma of the
current predicting devices of commun |ty strecturs when onm is deal fng

with complex systems? Each complexlty increases the difficuity of using
mode!s successfully, Dick Steiner agreed and further questioned the
ultimate goal of science--is i+ to come from predictlon o true understand-

ing?  The conclusion seamod to be that prediction |tself ought to come
from true tnderstanding.

Joseph Durkin wondered what might be causing observed morialifles of
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the case ot the Cotlumbia River

Imon In estuarles., He clted i
J:;i:I::e::wafar predators end 20 miles upi+ream oIf+hieﬂzgz:sazges?L;
. the astuary. p

dators don't usually enter

pidid g;e+he mortal 1t{es, might they be yearling fish f:edin? ?sz?g
z::::*ream migrantst Or perhaps might the mortal 1ttes be rela
avallabfl [ty of food?

bility of focod as a limiting
ntlinued the dlscussion of avalla )
?UF:;: gz suggesting that perhaps the young chinook andhchﬁT :e:zdo;ir
:?Ilzing what Is avallable. He thought that perhaps 1 ? s ed on
; hiwn salmomis {the documented preferred food item o young safmon
Coniﬁ West Coast as they feed in estuarles) when they come ?: Pl >
$3besefo molt. Jim Smith repiled that +h: fish seiT ta gcfzp 2:rf1re o
¢ £ hich are much more active o =K e
L e . The toedreg to take fult advantage of this
round., The feeding fish seem to !
mTE;i:gr? Durkin wondered if there was any evidence of fish ?2l;gth2
2:3 mud after them. Smith answerad +ha: it Hi: ?2r$u22552¥+2n Sonrally,
o around qulte a blt and change the t . 2
?Tp:;gogleO:haT the ygung salmon feed on . ealmonis when they are ou
of thelr tubes on the surface for any reason.

e had ever actually observed coho
siatiaind ?;szzzizﬁuzsris.IfS?ng?;ensfad replled that he had never X
feedina onlﬁ coho stomachs although he had observed them In the sfom:c 5
of L *tegottua He suggested that one ocught to consider other predators
?f iﬁi Zysfem.' Heatey completed his questlon by stating Tha: pgrzzgier_
t:e general acceptance of coho preylng on plnk and chum fry is
hood myth In most cases.

h
Terrence Gjernas added that he had observed sockeye fry In coho stomachs
in the Fraser Rlver system.

vastuy addressed the group and asked |f anyone was slmu::aneogilzalmon
Laed i bird predatlon on salmon fry., Are there observations ' ™
Ty ¥ ngird stomachs? JIm Smith replled that this was probably TTebh
erI a redatlon on salmon fry by rlver otter. Few data arg ?:an abte,
:3+ hzsig Interested In looking at that aspect of salmon predatio
more closely.

'n reference to an earller guestlon, Jim Congleteon sfafﬁ? ;hi:d;hﬁlcause

d?dn'f have as much data on blologlcal inferac+l$n:hzl sugh T e
In agreemen

Ilng protlems. The group was :

g;azzmzelngs and Eckman grabs do not work as well OTbadh:ghEZL?zgy. s

call!lat mentioned the use of a pop-up net as descr IBT e ware

required the setting up of permanent sfa1ion:.fiCzngoi Z:Imming hoy were
blems o s

aware of this but had come Bcross pro . F e e ad unt 1]

-up net is a deslgn whereby tha ne 4
E:;' annpﬁﬁa Ttnas are pulled, the nat "pops up" and purses the capture
fish.

Bob Feller posed the kdea that flsh uslng the nearshere estuarine environ-
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ment as feeding grounds might be the basis for Preserving these areas. He
wondered If any studies existed where such nearshore hablitats did not
exist but where pink and chum fry exlst, feeding parhaps on zooplankton.,
He also wondered |f teeding in a nearshore environment was actually part
of their tife histories or merely an adaptation to a partlcular environ-
ment, Congleton thought that fish were able to adapt to the rescurces
wlithin a particular ecosystem. Herbert Jaenicke asked how fong chum fry
will remain In these shallow, estuarine areas. He then clted the case in
Bristol Bay where sockeye smolt move several hundred mlles slowly In colg
summers but faster in warm summers. Thls speed of migration seemed to
have qulte an effect on total marine mortal lty, How long did the young
fish in Congleton's study remaln In the Skaglt area and what would be

the eftect of short-term starvation should food rescurces nut exist?
Conglaton agresd that he also would Iike to know!

Howard Horton mentloned that a graduate shudent from Oregon State
University--Range Byers--did Master's project an the feeding hablts

of the great blue heron in the Yaguina Bay Estuary. He accomp |l Ished

this by checking the food items that had been dropped from the heron
nests. This was one method to astlmate diet with non-destructive samplIng,
Bob Mitler posed the guestion of how to determine the carrying capacity
of a stream, Congleton stressed that the task would be tremendous but
could be done. One way might be to estimate flIsh denslty, daily food
ratlon, evacuatton rates, and then compare to the productlon of Inverte-
brates used as food in the area. Another might be to wonitor the changes
In pray abundance relative to changes in predator abundance.

Healey respondsd to an earller question about resld
salmon 1n estuaries, In 1975 In the Nanaimo River Estuary chum fry
(early run) stayed about 2 wesks, but most flsh sTayed less than a day,

In 1976 the smaller early run stayed about a week on the mudflats and

the later run fish stayed no time at all on tha mudflats. Even those on
the mudfiats were hav {ng progressively seaward. Durlng this t1me, chum
and chincok were putting on about 4-4 |/2 percent of body weight a day on
the mudflats, Little dlfference In growth rate was obzerved betwsen flsh
feeding on or off the mudflats, It was felt that most af the chum feed
off the mudflat areas whils the chinook fry do use the mudflat-marsh area,

The chum seem to have a wider range of habitats. Healey felt that sloughs
with water are the most attractive 1o young fish,

ence tima of young

Gjernes presented an idea for sampi ing coho--the minnow trap with 1/4-
Inch mesh and salmon roe balt, This refreshed the memorfes of Horton

and Jaenlcke who recalled a study where the researcher used blended salmon
roe as bait with some success. Bruce Hillaby commented that he had used
minnew traps and found that they didn’t work well for chum byt worked

very wall for coho and chinook. His group even built i 'arge minnow trap
for an area where beach seining was Impossible, One sampler they found

to work very well for chum was a manual purse seline cperated by three
pecple. The seine was 50 feet long and 13 teet deop. He offered +o

send the dimensions to anyone who was intarested,

i3

Callllet mentloned that he had used a similar net to study assemb}:ges
? fish associated with draft kelp In Monterey Bay, Callfornla, . Evffom
:ncircled tha drift kelp with a small Boston whater and pursed the bo

up.

returned to an earller thought about food belng a Iimiting
?L:igi*?: early |lfe histories of fish, He emphaslzeg +h:+ ;a:isr::gs
rations have really not been studled at atl. Some |{tera urfh ates
and ratlons [s avaliable, but he dFdn’I feil fh:f ;wa:;m;o?dpazu:owr*o

ses was based on Insufficient data, He ha >
L;f:ﬁm?ngadally rations but prasented the question to fte grouﬁféiiunafely
suggestions, Gary Smith agreed that most food studies avz,hg" ort N
stopped short of consumptlon rate studies. Feller wondere ¥
published accounts of Z4-hour dlet studles ware avallable.

isted on diet and
sted that a falr amount of ITterature ex
?2gé?ig?u§gﬁhaps some of |+ Eurcpean. He cited T?e c?uT ::;:igﬁpeiiﬁégqa
d forum for Info : gea,
somet ime prior to thls workshop) as a goo patlon exc
tidal cycle with chum teeding )
He had observed diet changes cver a ) & FeedIng on
the early morning, then eatfng harp
large Calanus plumohrus In e oaad
hrua again In the evening, He :
copepods mldday and &, plime N\ knowladged
he sama results, The aobserv
that somecne else might not get t S ot ions could
food's position during the . .
have been tha result of the fish's or 9 The 1ide, of
from the Paclfic Marine Statlon in
Obrebskl mentloned that someone Yoo Lillo
fish In Tomales Bay, He had foun
Baach had studied food hablts of " found ha
teds dropped at night to 2 ppm a
the oxygen levels In eelgrass T or e oot
taln crustaceans out of the area, Capre B '
?:rdio:es. This could have quite an effect on where the flsh feed.

have been done in fresh water
{1let cited that more ration studies
?E;n In the marine environment. Al Ebellng, forbexample, ga;igs:enzgme
difflcult fo do because on
consumption studles. These are guse ene might 1
=hour period, Mot muc 5 know
catch the same fish ovar a 24 y out
las of predator and/or prey g
dlgestion rates, which for some spec | ! abociory
Ited as a possible example.
excerd 24 hours. Bivalvas ware ¢ yaporat
ld remember that the fls g
tudles can be performed, but one shou .
Ee:avg abnorma1?y under ;rflficial cond{+io?s.l H?we:er;hzze;uggixizirsg
t It is simple logic
than nothing., Laevastu stated tha ke bant it
t+ good numbers, He contlinued along
estimates are not possible without g ued along
iting factor In the sea, then
another |Ine that If food Is a lim PR AL
health of flsh stocks. Sex products Yy
e ot rbad for added energy. We
ith a starvation dlet, or may be reso
::e:|$uzh better numbers of féadlng ratas, food requirements, and behavior
in absence of food,

ture on food rates and gastric

Id that there Is a wide !itera

g?:;i;niz rates avallable, Perhaps the reason somefrTTearcher: +h;:thlt
1t checked careful!y enough.

doesn't exist Is because they have no ! e
tioned bafore, For example,

f literature is European, as men
:be:EZen Marine Station in Scotland has produced several papers on the
feeding ecology of plaice,
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Caltliet supported this by saying that there Is also a considerable group § SESSION 2
of |lterature coming from the flsh larvas culture sectlion at National A
Marine Flsherlies Service In LaJella, Californla (Reuben Ltaskar and John :

Hurter). He especlally cited Papers on Engrauilis mordar. Most of the
work [s laboratory work,

Congleton mentloned that very few researchers have +riled to comblne fleld
and laboratory studies. One might, for example, get estimates of AND pREY
avacuatlon rates In the laboratory and apply them to consumptlon rates g

derived from actual field observations. SImenstad agreed thal simultanecus .::- COLLECT|0N

studles of a communlty should be Inltiated, Pray communlty compos!tion
Is a very important thing to know.

Laevastu summarized by saylng that study needs had bean alred but we
ought to order them by priority. He then suggested that might be one
of the goals of the fish foods hablts studles workshop.

One of tha IImiting factors of any study, of course, [s funding. Ra-
searchers should careful ly conslder the benefl+/cost ratlos of any
proposal and use research time and dollars wisaly,

SESSION LEADER: PARTICIPANTS:

Jack Q. Word
Jack Q. Word M. James Allen

James E. Smith
Wendy L. Gabriel

y:
3

Gea
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AN EVALUATION OF BENTHIC INVERTEBRATE SAMPLING DEVICES FOR
INVESTIGATING FEEDING HABITS OF FISH

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

Benthic invertebrate sampters and the information galned from thelr use can
ba extremely valuable to research conducted on feedlng habits of tish. 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 evldence of existing community structure coupled with inventories of
the stomach contents of particular flsh species can be used fo determine
selectlvity 1n patterns of feeding for the fish species in question. How-
aver, many of the benthic samplers in use today do not function In the same
manner, and as a result, unegually represent both the types of specles and
number of tndividuals captured. Therefore, data are somewhat blased by the
type of sampling device employed and cautlon must be used Tn attempting
direct comparisons between organisms found in the stomach contents of fish
and those deplicted by community 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
sevaral types of commonly used sampling devices as they relate to research
on fish fesding habits.

Qur study focused on three major types of benthic samplers: benthic grab
samplers teg, Vam Veen, Smith-Mcintyre, Ponar, Shipek, and Orange Feel},
deeper penetrating sampling devices {eg. box core and anchor dredges), and
shal low penetrating samplers (eg. epibenthic sleds and shell dredges, Flg.| a-g}
Thesa broad types of sampling devlces function dlfferently and emphasize
ditferent portlons of the benthas. Therefore, some knowledge of both hori-
zontal and vertical distributlon patterns of organisms was required and was
tnctuded In our fleld survey and dlscussion. DIfferences characterizing
benthic grab devices are discussed next. Because these devices do not func-
tion in the same manner, we wilt briefly compare 6 frequently used benthic
sampiers basad upon a set of criteria, and then dasignate which grab sampler
we believe to be the most afficient and effective. Ffinaily, a3 comparison

of the broad categories of benthic samplers [s presented, along with a ration-
ate for choosing which benthic sampler shoutd be used [n the investigation uf
feedIng hablts of fish.




Types of samplers Types of samplers (cont.)

Flgure If. Smith-Mclntyre

Flgure '&. Bar iripped Yan Yesn

Flgure lc. Chaln-rigged Yon Vaen

Figure Id. Ponar

Flgure fg. Box Corer
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Methods

Cur fleld study was conducted during 2 crulses in the winter of 1974 and 1975
(Word et al. 1976}, Blological descriptlons of an area of bottom are direct-
Iy dependent upon the numbers and kinds of organisms present in benthic
samples. Focused on: 1) Horizontal distribution patierns, Investigated by
taking 10 repticate 0.1 sq m samples at a shal low €12.0 m) sandy station in
Santa Monlca Bay, Callfornia; and 2) Vertical distritution patterns; deteor-
mined through the analysls of benthic core samples (5.4 cm In diameter) taken
at 3 stations, each representing a different sediment type {Flgure 2 and
Table D). Six:core samplez from each station were sectioned at depth in-
tervals of 2, 5, 10, 20, and 30 cm, and the organisms present in each of the
sub-samples were identified and enumerated, The data on the number of spe-
cies and individuals from each sample were comblred to determine the numbers
of replicate samples and the depth of penetration required to obtaln speclas
accounting for over 90 percent of the Individuals at each station. Addltlon-
al analyses wera made to predict semi-quant ItatTvely the combinad affects of

pressure waves, leakage, and surface dlsturbance on the organisms sampled
(Word ef al. 1978).

On the basis of these collections, certain criteria were formulated and used
for selacting the most effective grab sampler, The more efficient devices
are characterlzed by the followlng features:

1. Consistent sampling of the same surface area

2. Consistent sampling below the depth where the majority of
species and specimens occeur

3. Minimum surface disturbance caused by pressure waves

4. Mipimum disturbence due to leakage

Horizontal Distritbutlon Patterns

Horizontal disteibution patterns of marlne benthic invertebrates have been
studied at many stations in a varlety of manners (Greene, 1975; Smith and
Greene, 1976; Boesch, 1973: Cassie and Michael, 1968; Fager, 1957). A common
method of describing the biota at a benthic station [s to colliect replicate
samples at a confined area until tha asymptotic point of specles acquisition
has been reached. 1t has alsc been suggested that this polnt be used to
indicate the numbar of repticates required to adequateiy descrlbe a benthic
station (Jones, 1961). However, the numbers of species present at a station
is not the only important blotoglical parameter. The species present at a
station indicates that the two tollowing conditions exlst: 1) the spacies
can toterate the present environment, and 2) successfu! recroltment had
occurred.  This Informatlon does not Indicate what organisme are most |lkety
to be enceuntered in the area in large enough numbers or In sufficient
quantities to be an available food scurce. Therefore, an additional fmpor-
fant plece of information required is an estimate of the populatleon size of
the species present. Consequent ly we performed addi{lona! analyses on the
relative population lavels gf the vartous species collected at station,
tnatlition to the analysis of the species acquisition curves,
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Comparison of grab sampiing devices, Santa Monica Bay,

STATION LIST

Tablie |.

December 1974 and March (975

Sediment Type

Capth

Description

Long. W.

Lat.N,

Station

[2 Meters S5ilty Sand

0.60 naut. mi., 0a8° T to and

of Ei Segundo Fier,

118°

33°
54!
I 5"

1.75 lm

' mile sewer ocutfall (sampled

WSW, 0.75 km NNE from end of

26"
1av

December and March)

1

Outfalt Sludge

12.5 Metars

135% T +o end

of E| Segundo Pier

mi.,

i.i8 naut.

g
261

33°
55

42n

29"

OQuttall Sludge

112 Metars

5.25 naut. mi., 68.5° T 1o S.
end of Marina del Rey break—

i18°

337
35t
25n

" Near end of 7=mlle
sludge pipe" outfal)

water,

25"

48

260 Maters

0.70° T 4o s,

enc of Marina del Rey break-

s} o
33 118 6.38B naut. mi.,

551
30"

HY

Siity Clay with

Sludge

347

Edge of submarine canyon.
in Decembar and March)

water,
{Sampled
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We found thet the asympfotic
polnt of the species acquisi-
tlon curve had been reached
after 10 replicate samples had
been taken at the shallow, sandy
statlon. This indicated that
10 replicate samples were not
adequate for capturing all those
specles that could occur at this
station (Figure 3a). However,
sn add!tional analysis performed
on these same samples showsd
that those new species added by
sach addTtiional replicate did
not account for a large propor-
tlon of the individuals. For
ewample, the average of all
second samples contalned addi-
t+ional specles accounting for
only 10 percent of tha
individuals (Flgure 3b}.

Even sophisticated analytical
techniques (eg. Smith and
Greene, 1976), in which species
ar stations are clustered to-
gether based upon thelr rela-
tive simitarities in distribu-
tion are most sensitive to
those species that account for
90 to 95 percent of the total
number of individuals sampled.
since the second sample ylelds
species which account for 10
percent of the fauna, it would
appear that for meost purpcses,
a single sample or at most two
will caplure the majority of
the fauna occurring at this
type of station, [t should be
emphastzed that dlfferent con-
clusians regarding tha number
of replicates needed can be
derived from the type of
analysis conducted, but it s
our opinion that usefu! descrip-

tlve Informatlon 1s obtalned with

single 0.1 sq m benthlc sampies
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Figure 3. Specles acqulsiticn (a) and perc

for at lease sowe substrate types.

Vertical Distribution Patterns

numerical acqulsiticn (b} curve:
successlve replication nf sampl

The 3 stations sampled to study the vertlcal stratificatlion of organisms
depths within the sediment varied In cedfment types and in sampling depths

{from 12.0 to 260 m}.
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In general, we found that although organisms burrowed



more deeply within the finer sedimants, about 90 percent of the species and
individuals were present in the upper 10 cm of sediment at af| stations
sampled {Figure 4},

Physical Functioning of Grab Samplers

Certaln mechanicai atiributes of grab samplars affect thefr ablilty to cap-
ture organisms. Some of these are; pressure waves created by the sampler
during its descent, leakage of sediment and animais from opattlngs In the
device, and disturbance of the sample once it s contalned within the sampler
(Holme , Mclintyre, 197i}.

Quantification of the effects of these mechanical varlablas

ficult. We used Intormation on the ralative density or ma
and thelr position vertically within the sedimen
index for measuring the relativas effects of thes
butes on the organisms captured,

Is axtremely dif-
sv of organisms

Fs to establish a useful

€ mechanlcal sampling aftrl-

Two major groups of animais, microcrustacea and mol luses, are present 'n the
upper 2 cm of sediment and are more susceptible to effects of mechanical
variabtes than deeper burrowing animals (Word, 1976). Tha mlcrocrustacea
are less dense and as a group are more susceptible to losses resulting from

pressure waves, leakage from the sampter, snd disturbence of the sample than
the heavier, more denss moliuscs,

As a result of these characteristics, a
comparison of the abundnaces of the

se Two groups of arganisms will reflect
the combined effects of the mechanlcal variables mentioned ahovea,

Therefore, we determinad the relative number of
collected by the d
these rasults with
effect

microcrustacea and moliuscs
Ifferent sampling devices at each statlon, and compared
our qual [tative estimates of leakage,

rvations. Althaugh
varlous Interpreta-~

ed In the qual lta-
This Tnformation showed that

» and Orange Peel) that we est!-

ef surface disturbance, leakaga,

suppart the expected trends reflect
Tive physical sampling estimates {Table 2).

those samplers {Shlpek, bar-tripped Van Veen
mated to have the greatest combined amounts

and pressure waves also yielded samples with the lowest microcrustacea-to-
molluse ratlo.  In contrast, samples taken with the Porar, box corer, chaln-
rigged Yan Veen, and Smith-McIntyre, had hlgher micrecrustacea-to-mol lusc

ratios and |ittla change as a result of the physical functloning of the
sampler (Word, ot al, 197§).

Selection of a Grab Sampler

Having consldered tha natural distribution of organisms in the sediment and
the relative effects of certain mechanical
we can select criterla for choosin
should: (Table 3.

parameters on organisms captured,
g the most affective sampler, The sampler
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catch and esti
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1. Consistently sample the same surface area

2. Consistently sample deeply snough in the sediments to collect
at least 90% of the organisms

3, Produce a negllglble pressure wave

4. Have a minimum amount of leakage

we have found that 2 devices, the Shipek and fhe Orange Peel, samples a
variable surface area. The area sampled by these 2 devices varied as much
as 62% from that spaclfied by thelr manufaciurer (Tabls 3). Variations of
this magnitude ware considered unacceptable. In addition to the varistion
of the sampled surface area, the Shipek was not found to penetrate deeply
enaugh Tn certain sediments. The Ponar did not vary significally in area
campled, it did not however sample deeply enough within these sodiments to
capture the optimum number of spactes and individuals.

Two ditterent types of Van Veen samplers were ysed during our tests: one
was triggered by a chain-rigged mechanism; the second was triggered by 2
par-tripped device. The chaln-rigged Van veen, in additlon to having a dlf-
ferent tripping mechanlism, also had scresns on the upper surface of the
These screens served to decrease the pressure wave in front of

the sampler during its descent. The bar-tripped Van Yeen was found o have
a large amount of leakage due to inadequate fitting of its par¥s; it had no
screened upper surface so that Is pressure wave was greater than that ab-
cerved with the chaln-rigged Van Veen. For these reasens, in additfon to
the fact that the bar-tripping mechanism is less safe to use, the bar-
tripped Yan Yeen was considered unacceptable.

samplar.

Fiiminating these 4 devices (the Shipek, Orange Peel, Fonar, and har-tripped

Yan Veen) leaves 2 samplers for consideration, The chain-rigged Van Yeen
and the Smlth-McIntyre samplers ware both found to give excel lent penetra-
tion within the sediments, the surface area sampled did not vary, fhey had
minimal ieakage, and their upper surfaces were screengd to decrease pres-
sure waves during descent. In addition, thers was also a high degres of
success in taking sampies with both devices. Comparlison of the respective
microcrustacea-to-mollusc ratios showed that the chain-rigged ¥an Vioen was
slightly more effective at capturling surface dwelling microcrustacea than
needed for Smith=Mclintyre. (n addition, The chain-rigged ¥an Veen was a
simpler device to use, requiring 1 tess operator than needed for the Smith=
Mcintyre, and also had a higher degree of succese in taking samples at some
of the deeper statlons. Therefore, we selected the chain-rigged Van Veen

as the most effective benthic grab sampler.

Comparlson of Major Gategorles of Benthic Samplers

the different sampling devices obtained
femc based upon thelr penelration
rea sampled.

As described In previous sections,
different relative abundances of organ
#ithin the sediment "and also upon the surface s
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Comparisons of the 3 major cateqories of benthic samplers (benthic grab de-
vices, deepar penetrating burrowers or box coring devices, und tha shaliow
penetrating epibenthic sleds) will be discussed in this sectiaon.

Benthic grab samplers, feg. the chain-rlgged VYan Veen) ef{iciently sample
the intaunal organisms to a dopth of approximately 10 cm In most sediment
types. These samplers are the general Is*, that Is they can capture the ma-
Jority of different animals living on and in the sediments but they cannot
be used to selectively sample the deeper dwelling organisms or those that
live on *he uppermost surface of the sadiment,

To cbtain Information on organisms |lving deeper in the sediment a ditfferent
type of sampling tocl should be used such as the anchor dredge or the bhox
corer. The box corer is driven deeply within the sediment as a result of
113 weight and momentum on being lowered to the bottom. Thece sampiers are
very eftective at capturing organisms to depths of about 40 cm. The anchor
dredge samplers are driven deeply within the sediment as a rasult of ihe
force of the vessel pulling agalnst a lever which forces the dredyc fnto the
bottom, also to depths of about 40 cm. However, both of these samplars are
typicalty small In sampled surface area and as a result tend to miss some of
the more mobile and sparsely distributed invertebrates,

The epibenthic sleds collect materlal from a minimal depth tabout | om} of
penetration over a wide area of sampling, and therefore are integrative
sampiers.  These devices will collect more surface dwelling animals and those
mobile Invertebrates such as the mlcrocrustacea that are able to escape the
more commonly used benthfc samplers because they are towad over 'larger areas
and are more likely to encounter ang capture these animalsg,

In the final analysis, we have to consider what we want to learn from cur
sampling. After locking at the stomach contents of the fish species of
interest, we can get an idea of the types of species, the size categories of
the food, and whether it |s stationary infauna, or a movable epifauna. f a
comprehensive investlgation of numerous fish is required, thon a more gener-
alized approach is necessary, and the use of a Yan Veen sampler is advisable,
It, on the other hand, the fnvestigation centers around species of fish that
teed primarily on epifauna or that feed on deep burrowlng forms of inverte-

brates, then an eplbenthic sled or deep-burrowlng sampler might be preferable.

In this paper we have presented information on benthic sampling devices, the
organisms they coilect, and how these samplers can be used tu assist fnvest-
igations Into the feeding habits of fish. |+ is hoped that further resasarch
and collaboration between flshery and invertebrate tinlogists wl!l broaden
our understandIng of the usa of these fools In Investigating faunal
relationships in the marine environment,
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used a baited freeo-vehlcie automatic clne camera (Shutts 1973} to obaarve
marine organisms attracted to balt at depths to 330 m on the Palos Verdes
Shalf (SCCWRP 1973); thls battery powered camera Is left an tha bottom for
74 hours where 1t photographs water around the balt for 15 saconds af Intor-
vals of 30 minutes or 1 hour, In additlon we have used television to survey
demersal organisms and to observe the behavior of thesa organisms with
raspect to the otter traw! (Allen 1975},

Relative Seiectivity of Methads

Wo have conducted gquantitative surveys of demersal organisms In Santa Honica
Bay using 4 methods (otter trawl, rod-and-reel, set-line, and phoiographs
taken by divers; Allen 197%). Thirty-one species of fishes wnra ohsarved in
photographs of the dlscharge pipes in Sante Monica Bay {Table 1}, Rod-ang-
real sampling on soft-bottoms yielded 15 species, and setline sampiing yield-
ed t1 specles. A tolal of 23 species were taken by both hook-and-Vine meth-
ods, wlth only 4 species In common between the 2 methods: spliny dogflsh
{Squalug acanthiaz), sableflish (Anoplopoma fimbria), white croaker (Cemyone-
mua lineatus), and Paclfic sanddab (Citharichthys sordidus). In contras!,
B? species have taken In Santa Monica Bay by otter trawl surveys conducled
by the Coastal Water Project, Photographic and hock-and-1ine methods yield-
ed only 2 species that were not taken by otter tfrawl in this area: Facific
hagfish (Eptatretus stouti), taken by setline, and an unidentified ronquil
{Rathbunella sp.} cobserved In tha photographs, Both spacies have been

taken by otter traw! slsewhere., More species were taken per station by

otter trawl €10,4% 0.4) than by rod and reel (3.6 I 0.5) and setiine

(2.3 t 0.7) methods, although time spent on the station varled considarably
(otter traw}, 10 minutes; rod-and-reel, 4 hours; and satline, 1 hour’,

Setilnas were most affactive at sampling wide-ranging species that forage

on the bottom; the setline did not sample rockflsh populations. Rod-and-
reel fishing Into schools located by sonar was affective at catchling species
such as rockfishes that range higher off 1he bottom and are generaily clump-
ad. Otter trawls wera most effective at sampllng smalt bottom fishes such
as flatflsh, sculplns, and small rockflshes.

Although we caught a propertionately greater number of large fishes with
the hook-and-!ine methods than with tha otter trawl, hook-and-line catches
usuatly fefl withln the size ranges sampled by offer trawl. The hook-and-
| Ina catches showad that more large bottom-feading flsh {(mastly spiny dog-
flsh) occurred In shallow watar than was Indlcated by otter trawtling.

Phatographic sampling was effectlve at showing the species (particutarly
invertebrates that cannot be taken by hook-and-lkne) found on hard substrate
areas (such as outtall plpes) that cannot be trawled. This method was also
very useful in showing where the crganisms are |lving--information of this
sort is almost aiways lost by capture sampllng technlques. The disadvant-
aqes of photographlc samplling Include the dlfflculty iIn making accurate
identlficatlons of organisms cbhserved and In getting size estimates on snma
species.
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Santa Monica Bay, California, by the

Characteristics of fish surveys conducted in

Table i,

Coastal Wat i i
& er Research Project using ciffarent sampling methods, 1971-1975 tfrom Allen 1975)

Hook and Line

Rod and
Reel

Submersible

Ottar
Trawl

Photographs

Setline

Characteristic

6 2 299

124

Total Sampies

20-190 20~190 10-100

20-190

Oepth Range {m)

Soff Sott Pipe

Soft

Habitat

4 hours hour

10 min.

Time Spent on Statien

31

5

87

Total Species

58

Species/Stations

3.6+0.5

10,4+0.4

{Mezn + Std. Error)

traw!s In actlon suggested that many of the fishes and
Larger fish species {(such as the
een observed to swim into

Vldeo tapes of otter
invertebrates encountered escape the nets.
Pacl flc angel shark, Squatina caltfornical} have b
the net, become entangled and later swim out before the net s ratrieved.
Water column specles often swim up and over the net. Smaller boltom species
(such as speckled sanddabs, Citharichthys atigmaeus) swim slightly off the
bottom fn front of the net, trying to outswlm if. Turbots (Pleuronichthys
sp.J, which are often buried, jump verticatly from the boilom when the nof
approaches, only to fall within 1+. Sea pens and tube-dwellling polychaeles,
which have a certaln degree of attachment to the bottom, are not well sampled.

Sampling methods for different behavioral and ecological information

Different samp!ing methods yleld different fypes ot behavioral and ecoiogical

Infarmation Including the presence of large predators in the area and the
diel activity patterns, foraging behavlor, and tood preference of different

species.
species normaily caught in

farge predators--targe tishes that prey upon smal |
in part,

cmall otter trawls are not fraquently capfured In these trawls.
this is due to Their ability to cutswim the net at the speeds towed, ac men-
+ioned atove. |In addition, however, this ts alsc due to the low densities
ot their populations. lLarge bottom-foraging specles generally require a
larger foraging space (fo obtain enough large food 1tems) than de smaller
species and thus occur in low densities. Intormation on the presence of
these species Tn an area can be obtained by attracting them to a bait. The
presence of large Paciflc sleoper sharks (Somniosus pacificus) in deep waler
In southern California was not known until they were photographed by baited
free-vehicle cameras (lsaacs and Schwarzlose 1975). MWe have found higher
densities of spiny dogfish (Squalus acanihias), swelt shark (Cephaloseylliium
ventriosun), and sable fish (Anoplopoma fimbria) Tn frequently trawled areas
than was indicated by the trawls. Set-lines also indicated higher densities
of sploy dogfish on the sheit than was indlcated by trawling.

piel metivity--differences tn diel activity among flshes in the Field have
been observed by divers using SCUBA equipment in shalilow water (5tarck and
Davis, 1966; Hobson, 1965, 1968, 19743, but diel activity ditferences among
deep water specles have been less Frequently observed. Balted frec-wnhicle
camaras ‘eft on the bottom for 24 hours (taking 15-second movies every half
hour or hour) have shown diel differences in several species (SCCWRP 1977%,
1974). At a 23-m station senorita (Osyjulie ealiformical, blackeye goby
{Coryphopterua nicholstl), and blue rockfish {Sebastes myatinus) were active
only during the day while treetish (Sebastes serricepel, copper rockfish
(Sebagtes caurinugl, and swall shark (Cephaloscyllium ventriosum) werc actlve
only at night, Television cameras dropped o the bottom at nlght have shown
ratfish (Hydrolague colliei) actlvely foraglng and indlvidual pink seaperch
{Zalembiue rosaeeus) resting on the bottom. Trawls towed on The same sto-
tions during the day and af night have shown few major calch ditferences,
presumably because the traw! goes not dlscriminate betwsen species thal are
active or inactive (generally seeking refuge on or slightly burled in lhe
bottom). Major differences Inciude increased abundances of spotted cusk-eed
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(Chilura taylori), ratfish {Hydrolagus collief), and northern lampfish (Stenp-
brachius leucopsarus) at night. Cusk-gels gererally burrow Inte the sedimant
during the day and are 1hus unavailable tfo trawls, whereas the other speclas
probably move Into the *rawl areas from deeper water at nlght.

Eoraging behavion—-obsarvational and hock-and-1Tne techniques have shown dIf-
ferances In foraging behavior aiony demersal fishes. Swel| shark, spiny dog-
tish, sablefish, treefish, copper rockfish, and Pacifie sleeper shark have
been observed cruistng above the bottom searchling for food Items on the bot-
tom in balted camara films, white Callfornia scorpionfish (Seorpaena qubtata)
have been observed to ambush nrey from fhe bottom and shortbelly rockfish
(Sebastea Jordani) tn actively pursue smal | nektonic organisms in the water
column.  large sablefish wl|| bite Into a farge, dead bait fish, and spln
their bodies unti! a chunrk of flesh Is torp of¢ (Isaacs and Schwarzlose 1975)
while Pacific hagfish (Eptatretrue stonti) Wil sltde a knot down thefr bod-
les, forcing stime oato the bait and thus protecting the food ltem from com=
patitors such as satlef|sh, ¥ideo tapes have shown spotted cusk-eels cruis-
ing slowly above the bottom, dragging thalr barbels along tha bottem. The
Two hook-and-11ne methods demanstrated a dlfference in foraging behavior
among the specles taken; seftline catches were domlnated by wlde-ranglng battom
foragers white rod-and-reel catches were dominated by water-coiumn foraging
rockfishes such as bocaccio {febustes paucispinia) and varmi|(ion rockfish
fSebastes minigrue).

Food preferences-~by using different types of balt, some indlication of food
preferences can be determlned. Whole Bover sole (Microstomis pacificue) used
as baif In the balted comera study was consumed [n one-{1fth the time that
stripetall rocktish (Sebaotes saxicolal) was consumed. Presumably the spines
on the rockfish make +he species less desirable 1o predators than Oover sole,
which has ne sharp sptnes.  Splny dogfish, sablafish, and Paciiic hagfish were
the only specias observed eating the bait. Capture methods, of coursg, gen-
erally provide the bsst food hablt infermation because the stomach contants

of the fishes taken can be examlned.

Concluslons

Of the 3 general methods {otter fraw!, hook-and-ting, and observational tech-
niques), otter trawls are probably the best mathod of samplIng small bottom
fishes on soft-bottom areas--the trawls yle!d the greatest number of species
and numbers of indlviduals from which addltional measurements and anatyses
can be made, Smalf otter trawls probatly do not efficiently sample large,
fast-swimming specles or species that burrow In the sedlment. large species
found over soft-bottoms are often more affectively taken by hook-and-tIne
techniques. Of these, satlines more etfectively sample large, wide-ranging
bottom feeders, which may escape the net; tishing by rod and reel Ip schocls
located by sonar is a mors effective wey to catch the highly clumped rock-
fishes that may be missed by chance In a trawl. Photographlc and hook-and-
line methods are both effective at sampling rocky bottom arseas.

Sampling methods such as otter trawl or hook-and-| Ine flshing aliow accyratae

identification of specimens and msasurement of size, examlnation for diseases,
and analysis of stomach contents, although they give little information as to
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Tor of the organisms fn thelr natural environment, Ph?fofgi?tlﬁaf-
el re informatlon on the behavior of the species In 2 -
S e $0 but Tdentifications can be less accurate, and fewer mTi?:
e e e ;hered A cambination of samplling methods then would y‘L d
::Iamgilab:;:v?Zral ana ecologlcal Information on deepwater demersal fiohas,
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SAMPLING INTERTIDAL SALT MARSH MACROBENTHOS

James €. Smith
Washingfton Cooperative Flshery Research Unit, College of Fisheries
Unlversity of Washington, Seattle, WA

My thesls work [s the analysis of the community ecology of the benthic in-
vartebrates of the calt marsh-mudflat system at the mouth of the Skaglt Wivar

In Puget Sound, Washington. The river delta forms Skagit Bay, a 25-km2 Fre—
panse of sand and mudflats ringed with salt marshes. Most of the perimetor
of the bay 1s diked. Numerous small 1Tdal streams cut deeply through the
emergent marsh, spreading cut and becoming shallow on the unvegetated tiats.
During the spring and summer, the tlde streams contain large numbers aof pred-
atory flsh, particularly starry fleunders (Platichthys stellatua), staghorn
sculping (leptocottus armmatus), threespine sticklebacks (Gaaterosteus
aculeatus), and the juveniles of chum (Omeorhynchus ketal, chinook (0.
tahawytschal, and plnk (0. gorbuschal) salmon, As part of my study, | am
attempting to determlne the impact of juvenile saimonid predation on the
populations of the benthic intertidal invertebrates.

in planning the benthic sampling phase of my study, | had to consider six
major problems common to any soft-bottom sampling program: (1} core depth,
(2} screen slze, (3) slze of plot lor leng'h of transcet), (4)  frequesc, of
sampling, (5) core area, and (8} number of samples per plot or transect. |
wanted to select a sampling procedure which would allow me to sample as many
of the prey specles as possible and fo provide enough individuals per sampie
to make accurate population estimates and reasonably powerful statistical
tests. 1 am reporting here the processes by whlch | chose my techniques for
benthos sampting. :

Core Depth
| took 10 cores, separating them into three depth Tntervals: 0-4 cm, 4-8 cm,

and below 8 c¢cm., The total depth of each core was 15 cm.  The results are
shown In Table 1,

63



Table 1| Verticat distribution of benthic Tnvertebratas

cores ware pooled, Pate from 10

0-4cm 4 -8 cm Bolow 8 cm
Total number 966 r 41 .
26
Fercent 93.5
. 4.0
2.5

Since ovar 97% of ‘the animajs occurred above B cm
L]

to Tnat aopi I declded to sample only

Screen Size

Screen slze is a trade-off betw
tory treatment of the samples,
speciag, including Juveniles, as
defritus to expedite sarting.
to 0.14% mm and found that the
retaining most juvenites,
that mesh size which woyld
species of amphipods, Anise
which occurred frequently
the lower Snohomish Rlver,
sarples containt
Table 2,

een efticlent sampling and efflclent labora-
| wanted to sample as many of the smaller
possible and yet pass enough sediment and

I tried several mesh slzes ranging from 4.0 mm

smatlest mash gizes, though very efficlen; at

passed very |little sediment. | decided to choose
sampie a high proportion of the Juventles of fwo

garmarus confervicolus and Corophium ealmonis

In stomach contents of Juvenfla salmonid f1sh ;rom

en The results of successive screenings of four

g ase amphipods through three mesh sizes are shown in

Table 2.  Efflciencies of
three mesh slzes in retalning th
e t i e t
Corcphiunm salmonis and Anizogamnarus confbrugvolusamp‘IDOds

Data f
four cores were pooled. Both adults and juvenilas were zre;2:+
ot -
bve;a;;ed €. salmonig A, aonfervicolus
. o 0.297 mm 0.175 mm 0,99 mm 0.297 mm . 175 mm
Totaf
numbes 136 100 0 142 56
Percent 7.6 42,4 0.0 L7 28,3 0.0

The 0,197 mm mesh retained 1008 of

the
the substrate, f chose this slave, 7 orenipods.  Since 1t paseed mich of

Siza ot Piot

In order to decide the scale over which samples

are t
edge of the scale of patehiness is requlred, oo o knou

This ts a complax uestion and
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| had little tIime te consider It In depth. In the course of other prelimlnary
work, | had taken several sets of samples over varlously sized areas. Since
samples taken over an area of 3 to 4 square mefers had shown approximately the
same specles compos|tlon as samples taken over several hundred square melers,
| assumed that tha dominant patch slze was probably less than several melers,
| chose to locate samples along a 15-meter (50 feet) llne, since This waz a
convenient length along which to sample. It was small enough to sample quick-
iy, but large enough to prevent superimposing successive samples on previous
sampie locations.

frequency of Samp!ling

To determire population parameters such as reproductive times, seasonal trends
in abundance, and growth over time, samp!ing must be done at close Intervals
relatlve +o the life span of the Indlvidual organisms. Since most of the fn-
vartebrates | am sampling are small and short-lived (on the order ot a year),
t decided 1o sampie monthly.

Core Area

As a result of the extremely dense popuiations of macrofauna on the mudflats,
| found that laboratory processing of standard 0.25-m2 samples was too slow.

{ atso tried plastic tubing which took cores of 38.5 cmz, but with the screen
afze | wished to use (0.297 mm), this stlll sampled so many anlmals that it
was Impractical to take more than 2 cores per station, In general, unless
accuracy and precision are sacriflced, it is betler to decrease cample size
and Increase the number of samples. This provides a better idea of the

var lance of the populaltion.

In order to justify my cholce ot a smaller corer (I wished to use 5.G?—cm2
plastic tubing}, ! fook a serles of 18 samplas in which | nestad small crres
inside the jarge cores. Comparing the species list of the large cores with
+hat of the small cores, | found that every specles sampled by the large cores
was also sampled by the smal} cores. Apparently no species was so rare that
the small cores missed i+, Also, no species was better able to escape from
the small cores.

Edges of corers passing through substrate trigger avoldance responses in many
anlmals, or destroy and push down animals that should have been inciuded in
the Core. 5ince the ratio of circumference to area Is larger for a small core
than for a large one, thls edge effect causes smaller cores to underestimate
invertebrate abundances. 1 found that, for the % most abundant organisms
sampled, the opposite was true; the large cores underest Imated abundances. |
belleve that thls was due to the greater diftlculty in sorting the malurial
from the large cores. Apparently any edqe etfect was small compared to this
effect. Smaller samples often cause an increase In variance. However, b
found that for the 5 most abundant species, the variances calculated from fthe
small cares were never signiflcant!ly grester than those calculted from fhe
large cores (Moses Ranklike Test for Oispers lon-Medlans Hnknown or Hiegalg
o = .07,
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Consldering the above results, | decided tha 5.0?—cm2 core was appropriate for
my sampling program.

Number of Sampies per Piot or Transect

To declde on the number of samples per plot, | took 2 sets af samples. First,
| analyzed 20 cores and plotted the number of specles sampled versus the num-
ber of species sampled versus fhe number of cores In order to find the sampie
slze at which the curve reaches an asymptote. Since the shape of tha curve
depends upon the sequence in which the cores are plotted, | randomly chosa

3 sequences. The results are shown in Flgure |,

Since this habitat ig charocterized by a smalt number of very abundant spacles,

the asymptote is shifted strongly toward the left. The tirst 2 or 3 cores
samp | adg nearly two-thirds of al| aspacies. In all cases, the first core

sampled the 5 most abundant species, which represent approximately 95% of al|
the Individuals sampled,

t took a second set of samples to tind the smaliest sample size at which means
and variances would stablize, | cullectd a serles of 18 cores from a singla
plot and catculated the means and varlances for randomty chasen unaqual sample
sizes. Shown in Table 3 {5 ga summary of results obtalned when | comparad a
5-core sample with a 13-core sample. For tha 5 most abundant species, the
medians were equal (Mann-Whiney U-test; @ = .05).

Tatte 3. Means and varlances of the 5 most abundant species sampled In two
unequal sampies from the same plot.

MEANS VAR{ANCES
SPECIES Small sample Largs sampte  Small sample  Large sample
(5 cores} (13 cores) {5 cores) (13 cores)

Corophium gaimonia 18.6 135 58.3 114.5
Manayunkia

aestuaring 8.4 7.8 6.3 16.8
Pegudoamphicteis

neglecta 7.8 5.2 24,2 3.0
Anteogarmarus

confervicolus 27.6 24.2 29.3 180.9
Macoma balthica 2.4 1.8 5.3 1.4

For 2 of the 5 species, Macoma balthica and Peeudoanphictels negloota, the
varfances calculated from the small sample were significant|y larger than
those of the large sample. | falt that since nelther of these species had
been found In juvenile salmon stomachs, 5 cores was an adequate sample ciza
for the purpcse of this study.
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MMBER OF MM SPECIES

/—/— Secuence 1

o

Sequence 2

4

Senvemce 3

Figure |,

NUMBER OF CORES

Number of species versus number of cores, The number of species
lordinate) is cumutative, but only lncr?ases as new specles ?:e
encountered, The 3 plots represent 3 different randomiy chasen
saguences of the same 20 cores.
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FEEDING HABITS AND SELECTIVITY OF 3
2N PLEURCHECT ) ;
A SUMMARY OF RESEARCH IN PROGRESS PO ON THE ORFGON SHELF:

Wendy L. Gabriel

School of Oceanography, 0 .
Corvallls, CR graphy, Oregon State University

The purpose of this on-
golng study !s to investigate feeding h
> ' ablt
?Egg?lafgdhv;+h‘enther Dover or English sole. In parficulag 3 assezjsfé?hes
1ribuf?onao; 5 in Ta?h tish community are being considered: ;) vertical dis
macralnfauna within the sediment (as sampled /i A
and these organisms' avallabllity as fish food 2) di;? EerTé;?C?f:Ochorer),

pleuvronectid feedin and ivi
D ettomec g, g, 3} selectivity of food specles and slzes by

Th i i
Heieszcg::;gigiin ;as des;g?ed to determine what potential food "cholces™
o damarsa ish. What invertebrate
were s does a flsh actuall
ses” In its environment? To assess the benthic macrofauna, we wsed a Oyl‘m

Bouma box corer and a 0,25-m2 Hessier-Sandia box corer. To campie macro-

epifauna, we used an eplibenthic sled
oollauns, yo used fraE!. ed. To collect flshes fram the same area,

Two statlons were Intenslivel
y sampled: SG-27 (44°26,0'N, 124714,3'y
SETE: ::Edsg?E;OTii°gg Sfﬁa ?;42;gh fafches of Faciflc sanddab and E;g?fsﬁ
5 H . B L0'W, 112 m deep, silty sand
area where Dover sale is abundant. Samples, Taken’da¥ aid :?gh$0Tf0ml. o
’

18 beam trawls, 4 epibenthlc sl
station. P sled hauls, and 20.0.1 m

Tncluded
box cores at each

F .
122m57:$;?3a?2 ¥Z:+lﬁalf?lsirlgufion of macroinfauna, cores were sectioned at
e firs cm, 2-cm intervais for the next 10
B [=
:higulzf:rTfls for the remainder of the core. Fach section was then 355223
ar*if? mm sleve screen, 'f the number of sections were reduced
acts, contamination, and sampie loss would probably decrease '

Usyal |Y. all fishes om a
aw! ere pres ad Lol Insure i pre-
. fr wer ery . n L laﬂld re
servatlon o stomact contents, fo naldehg.rde selution was ir jected into the

body cavity with a slze 16 hypod
o Yormalouhde salor oo ! ypodermic needle. Whols fish were then stored

Problems arise out of the scat
e of the samgling program. Th -
gg_?;)frawl tracks and hox cores was small {6.5 kgzpfog 5G-27; 1: ;rE;2b?z:d
» and each station was occupled only 30 hours. Pafc%lne;s sffects

may be present, since areas
Gy po present, of box coring and beam trawling overiapped but
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OISCUSSION:  SESSION 2; SAMPLING OF BENTHIC PREDATCRS AND PREY :
HOW DO DIFFERENT SAMPLERS AND SAMPLING TECHNIQUES
ALTER OUR IMPRESSIONS OF THE BENTHOS?

Steve Obrebski mentloned that while the benthic sempler used Is important,
the methad by whlch the sample Is processed is just as important. For
example, sleving a fresh sample might allow the slimy, smaller grganlsms
to slip through the mesh while preserved animats are stitfer and less
likely to pass through. He further mentioned that a sieve size of 0.5 mm
may not have a great efflclency for recovering numbers of organlsms.

Jim Allen presented a brief overview of the Southern Calltornla Coastal
Water Research Project (SCCWRP). The group was astablished to study the
scology of the Scuthern Callfornla Blght and the sources and effects

of pollutants In the area, The funding comes by way of the southern
Californla countles.

Regarding SCCWRP's use of the underwater towed camera system, Bob Feller
asked {f the group had ever reversed the directlon of the cameras so that
i+ recorded the flsh's behavlor when approached by the net. Allen sald
that instsad of that thay had attached it tc the bridle to observe flsh
behavicr. He agreed that some flsh are able to escape the net,

Bruce HIlllaby wondered if any of tThe attendees used the flotation method
for initial sorting of benthlc samples. Jim Smith replied that In his
case the substrate was too full of organics so that by the t1me one had
the proper concentratlon of sugar {or other materials) everythlng in the
tray fiocated. Jack Word added that flotation or elutriation methods are
unstl+able for motluscs. HIllaby then wondered if a combinatlon of
tlotation and hand-picking mlight work. Word added that he Isn't too
crazy about flotatlon fechnigues. One technique that Is coming Inte wider
use 15 the elutrlator or "bubbier." Alr and water are jetted up a column
contalning the sample, forcing the !lghter animals over the fop of the
column onto a collecting screen. While this method is adaptable Yo sand
and gravel substrates, 1t does not work for vegetation. None of the
attendees had any good system for sorting animals from vegetative
materfal.

Taivo Laevastu suqggested that benthlc studies should be examined o see 1f

69



researchers could reduce the speciflcity of Invertebrate identificatlons
Ho stated that working on benthic samples Is very time~consuming and we .
should examine the goals of our projects to see If they con be achleved
with less time spent, This time could then be devoted to ofher things
JIm Smith was asked how he avolded disturbing the area In which he Takés
core samples. He repliad that he tries to prevent taking cores within

3 cm of a previcus core. Disturbance of the samplIng area Is difficult
to avold slnce cne is always kicking up sand and mud, which ara then
carried by currents to other parts of the samp | Tng a;ea. ’

Referring to an eariier suggestion of -

asked 1f any of thes benfhlggorganisﬁs :Zlggmgz?::?iogm?ige?ép??gzbi;;f

he believed some of the tube-dwel I'Ing amphipods and polychaefes‘ﬁoved

around but he wasn't absolutely sure. Others in the room agreed that

I:ese animals do leave thelr burrcws for vary'ng pericods of +ime, Obrebskj
en commented that exciusion cages might not be an effactive tool, Smith

repiied that he was aware of the probl
e ahat b was p ems and hoped to come up with some

Obrebski then mentionad that a student, Ralph Johnson, studied Tomales
Bay and found that benthlc commun!tles are often assoclated with cartaln
sedIment types. Therefora, the species diversity of a particular benthlc
sample |5 dependent on the patchiness of the substrate. Some organlsms
are associated with saeveral sediment types while others are mors specifl-
cally associated with one or twa. One might conslder sampllng the sur-
raunding sediment along with the tish and benthlc Invertebrates,

Feller asked how Oregon State Unversity's samples are preserved, to which

Wendy Gabriel replied that the
Y are washed through a |-mm h
put in forma!ln, then changed to alcoho!, N mesh sereen.

rﬁrd wondered about the value of geclogical analysis of sediment under

e current technique of dropplng the sediments In hydrogen perox!de and
boillng out the organics. He clalms that the invertebrates dan'+ see
that kind of substrate, they see the detritus, vegetatlon, etc, Current|
however, there is no better technique. It might be wor+h;hile for some- v
one to work on a new technigue for sediment analysls,

?abriel cammented that "...in soma Instances, If you can fdentify sediment
rom the geolioglcal peint of view, that will give you some clues o the
dynamies of the water mass movement {n that area." For example, different
gr:ln sizes might be found behind banks, In areas of upwel ! ing 'assoclafed
with deep water currents, underwater transport systems, etc. {hese things
may affect the short scale dlstribution of spacies, ’ ®

Obrebsk| palnted out that Bob Whitlash of Woods Hole r

2 thesls very pertinent to this question of dis+ribu+l§:eg;lYnizzsg?fed
ofganisms, mostly polychastes, and thelr relationships to sediments. Ha
took cores very carefully from intertldal areas, froze them, and ve;
carefully sectloned them, Then hs measured the Three-d?menélona? pczlflons
of the organisms, sampled the sediment around them, and the sedlment In
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their guts. Finally, he measured the overlap fn particle size disiribu-
$ion between specles and at the same time determined, by nearest neighbors
statistical technigue, the differences in spatial configuration, The
genaral result was that those species with the hilghest dlet overlap are
Jeast Ilkely to be nearest neighbors, For example, two splonfd polychactes,
one large and one small, occur tn similar areas. When they do occur near
each other, the larger one whips wlth Tts pelps and tears the palps from
+he smaller one. Small spionlds, when close to large spionids, move

away and therefore are not nearest nelghbors.

Joseph Durkin mentioned that he had observed Pacitic sanddabs feeding on
flsh in the area of the mouth of the Columbia River, Allen agread that
ha had observed similar behavior In Callfornla but Gabriel had not looked
at enough fish to say yet. Ourkln also had noticed an Inshorefof tshure
migration of some demersal fishes, For the moment, not much discussion
was heard on this subject (It was brought up a Iltfle later}.

Glen Van Blaricom brought up the subject of core samples once again and
said that a fel!low student at Serlpps recommended laying them on their
sldes after collection to avold traveling by the animals, thereby affecting
thelr normal spatial distributlon. [f an anlmal responds to gravity, it
can without changing Its vertical position. Word said that they set fhe
samples In dry lce and freeze them as fast as they can. Feller mentioned
that fraeezing can "pop" some of the sotft-bodied animals, which rulns them
for later ldentlflcations, Word suggested capping the sample tightly but
agreed that frozen samples are difflcult to Tdentify. Another problem
arlses with large or long animals. When the core is sectioned, these
anlmals may appear in several of the subsectlons. How does one place the
animat? This should be standardized although many pecple now use heads
85 Indicators of total body placement.

Sandy Lipovsky menticned a problem with polychaetes falling apart alter
belng stored In the stomachs. The combination of digestive fluids and
formalin is dynamlte To soft-bodled animals, Word agreed but Gabriel

uses a technlgque whereby the guts themsefves are not Injected but rather
the stomach cavity, missing the gut. The entire fish is then stored in
tormalln in case a student later decides to do a morphometric study. They
use 2 10% formalin and seawater preservatlve, Upon hearing that, Word
recommended that thay lower the strength to 5%, then rinse the samples
and convert to alcohol, Gabriel mentioned the volume of fish and lack of
time for conversions to alcohel.

A discussTon of buffers followed, Feller mentioned Hexamethal ine tetramine
which works fine but is expensive. Word expressed the views of many by
saying that Borax works Just fine and [s cheap. There also 15 some

natural buffering by seawater, which also reduces the osmotic change
experlenced with formal In-treshwater mixtures,

Lagvastu dlscussed that In many ways epifauna may be more important as

flsh foocd than infauna., Little guantitative Informatlon s known about
eplfauna such as seasonal migrations and year-to-date changes In abundance,
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Looklng at seasonal migraticns of some demersal fIsh, we assume that It
Is related to something physlcal as temperature, ralns, storms, etc.
Parhaps It is the epifauna that is sensit+lve to environmentai signals and
the demersal fish, In turn, foliow the eplfaunal food sources. Gabrlel
came back wlth another theory to explaln some of the Inshore/of fshore
mlgrations, Perhaps during storms, the fish move offshore, sacrificing
thelr food rations for stabltity, expecialty If thelr habitat has been

in relatively shatlow water. In colder water, the metabolic regulremants
would ba lowsr and the fish could afford to reduce the food ratlon, Thls
may be mare deslirable to a flsh than belng covered up every fow days by
storm actions,

Simenstad returned to the problem of sampiing eplbenthos by explaining his
probiem of trying to sample in an area not suitable for an eplbenthic sled.
Some of the problems are shal low water, nursery areas, uneven bottoms,
eelgrass, stc, Hls group Is experlmonting wlith an epibenthic pump whlch,
when Improved, may be a very useful sampler. 11 captures the juvonlles

of some Invertebrates as well as the e99s of harpactlcolds and gammarlds.
Obrebsk] wondered §f pumping through a rotor might crush the organlsms.

The answer was yes but some pumps have collectlon chambers ahead of the
roter unlt and some newer models are dlvar-hald "vacuum"-style. The
vacuum pumps are not Yoo good in deep water, however,

Word Intreduced a new subject by stating that sometImes It 1s intaresting
to go beyund Identlfying animals by sorting them by sex compos!tion. As
an example of thls, he stated that some malte cumaceans and ostracods are
pelaglc dwellers while the femaies are benthlc. {if one examlnes a stomach
full of males {cumaceans and ostracods), one can essume that the figh had
fed up In the water column, |f the stomach Is ful ) of females, that

would Indicate that the fish had besen feeding along the bottom.

A short discussicn of Crangon spp. ensued. Out of that came that +the diet
can be pelychaetes, ol tgechaetes, nemarteans, etc. These are afl soft

and can be ripped by the large Crangon spp. chelae. Another point was
that Juveniles and adults often occur In different depths of water.

Laevastu wondered what causes separation of genarations in terms of dapth
and area. Perhaps juvenile fish are found in shal lower waler to avoid
cannibalfsm or perhaps It is a function of temperatura. The warmer
temporatures may optimize growth rates and conversion rates. Another idea
was that perhaps the juventles are more euryhal lne than adults of the
predator species and can therefors enter territory that the predators
cannot. Obrebskl cautloned that while we can show experimentafly or
otherwlse that a fish is optimizing his exlstence, we shouidn't base that
observation on a singl!e factor. For exampla, photoperlod may be a better
Indlcator of time of year than temperature. We alse shouldi't worry If
our theorles will become out of date In futurs yoars. As long as.our ideas
are better than those that have exlsted ta date, that is good and we ought
to publIsh +hem,

The final discussion returned to epibenthic sleds and the pr-.hltems Involved

7z

i - since the arexy crwveared
uantify the data. It isn't possibie s
f;:!:gbzomgasuredyand wa don't even usually observe how fh? s!ed 1s
irave!lng or If It has tippad on one rumner, or it IT Is digging inte
+he sand and sampling benthlc Invertebrates, ete,
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A LABORATORY METHOD FOR THE AMALYSES OF FISH STOMACH CONTENTS

Beverley Kask and John Sibert {presented by Tony Phillips}
Research & Resource Services, Paclfic Biological Statign
Fisherlas and Marine Service, Department of Environment, Naraimo, B.C.

During the 1969-1974, numerous studies were carrled out on the astuasries and
open waters of Georgla Stralt and the west cost of Yancouver Island, fhese
included the collection and analysis of the stomachs of Juvenile salmonlids,
herring, stickleback, flatfich and many other specles. Oftan these were
caught n large numbers and [+ bacame necessary to develop a rapid method
which would produce results comparable botween areas and from year-to-year,
In designing the laboratory technlques, we attempted to incorporate suffj-
cient detailed analysis to allow a variety of treatments of the data, white
maintaining sufflclent spead and consistency, We endeavoured to keep sub-
Jective treatments to 2 minimum and establish a standardized approach that
would reduce the varlation between technicians. Concern as to the food
sources of such commerclal specles as salmon resulted in the need to know
not only the gross welght or numbers of diat items, but aiso to diffarentlate
those found In the estuaries and nearshore areas from tha pelaglc sources,
We therafore required Information on the dlets of individusl fish, including
the numbers, lengths and species of food organisms being eaten

Materials and Methods

Laboratory technique--after the stomachs had been dlssected from the flch,
they were dried, uslng a damp towe!, weighed on a Mettler P62 balance and
put In Petr| dishes. These wers filled with water ang placed on a mm grid
under a dissacting mlcroscope.  Surgical scissors were used to open the
stomach and a subjective astimate was made of the percent capaclty utillzed
by the food bolus. The contents were then removed from the stomach using a
probe. Gentle agitation usually separated the food jtems and spread them

In the dish. Using the grid as a gulde, the sample could then be moved back
and forth uynder the microscope. Each fleld was axamined and individual food
items were identlfled ard measured to the nearest millimetre. Manipulation
of the food organisms was minimal and #as wsually necessary only when of-
tempting to make identifications, The percent of the contents in an advanced
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state of digestion was estimated subjectively, Where subsampling of the
stomach contents was necessary, due to its volume, or targs numbers of diet
items, a Folsom plankton splitter was used, Subsaempling was continuad unti|
100 of the dominant food organisms could be counted, or un'il the yolume
reached a more manageable size. Alternately, in cases where there were larga
numbars of small food organisms e, g, tunicates, the subsampling was carried
out by countling only a poition of the dish. . In both methods, the total num-
bers of food items were calculated by multiplying by the appropriate splitting
factor. The weight of the damp stomach shel | was recorded, and this vaiue,
subtractad from the walght of the full stomach, gave the welight of the food
bolus,

-
Fecording and analysis of data--recording of data was o1 Tglnatly on lab sheets
on which the name of tha tecd organism, the number and tengths were written,
However, this proved to be too cumbersome when handling large numbers of
stomachs.  Hand tabylation and typing of tables for publicstion required many
hours of preparation. Consequently it was necessary to design computed re-
cording faorms and devise a code to handle tha analysls of fargs amounts of
stomach analysis data,

On each ceding sheet were recorded the sampl ing ares, gear, statjon number,
spacies of flsh analyzed, iength (mm) and welght {gm} of the flsh, the number
of the stomach, scale number, age, capaclty of the stomach (%}, the wefght
(mg) of the stomach, futl and empty, the percentage of the contents that

were digested, and the number of food categorles. Each food category con-
sisted of a category code, the slize range (mm) and the number counted. LUp
to 23 categories could he listed from any one stomach analyzed.

The category code itself was designed to include flsh, phytoplankton, zoo-
plankten and benthos. Four separate sectlons of the code were set up, based
on a three byte alphanumeric cade. The flrst sect jon, number-number-numbar,
inctudes the fish of the marins waters of this coast, starting with 001 and
ending with 599, The page numbers from Pacific Fishes of Canada by Hart
(1973) were assigned to each species. Approximately 300 spaces have been
reserved at the end of the code for freshwater species. 999 (s glven to
"fish general"., The second sectlon is reserved for the benthas, apnd the
codes are given as number-tetter-number, encompassing 2,600 spaces from 0AQ
to 929, This sectlon is not yet in usa. The main body of the code, letter-
letter-number is the section contalning the phytoplankton, zooplankton,
foraminiferans, radiolarians, cillates, coelenterates, annelids and many
others, There are 6,760 spaces In thls section, and it expands into the next,
Ieffer-number—number, whlch contains another 2,600 =paces.

Spacing of assignad codes was arranged so as to allow for future expanslon
within each group, e.g. copepods.  Identifications may thus be carried to
group, spacles, or sven |ife stage.

Qiscussion

While initially requiring the expendlture of considerable tima at the micro-
scope, this technique provides detalls which allow a selecticn of treatments
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to be used In analyzlng the results, These includg calculation Oi_iﬁv ft?—

of occurrence of each food erganism by species, group, ar Jléc rdufe'
ngnzllcuIBTTon of the biomass of each food ltem, per fish or In tg1a{_P n
?orma+lon may be gained on energy requirements and food ???1? sf:Ei?f:::,
both within tha estuarlas and in the open waters. 8Oy ut zlny .

d those taken In the zooplanklun
ines to measure 1he food organisms an i n ;
$UI§eta compar lson may be made between the food species available an? 1hose
TZ:e; by the fish., Once familiarity is gained In using the keys to the

various food groups, the time required for analysls is greatly reduced.

d were used to desarite The
thods have been a practical success an 5 o 4 . i
;Tziz :? f?sh from the Fraser (Environment Canada, 19751, Ndrul;ﬂmo (_E_H‘:’IFOT’I ,
nt Canada, 1974), Campbell (Goodman and Vroom, 1974}, Squam[sh (an|rn?me?
g:nada lg?é) Somass (Kask and Parker, 1974}, and Cowichan {in preparation

estuarias.
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METHOOS USED IN STUDYING FOOD HABITS OF OREGOW'S ESTUARINE FISHES

John Johnson

Oregon Department of Flsh and Witdlife
Tiltamook, OR

My name is John Johnson and | am with the Oregon Department «f Fish and Wl}d-
Ilfe. | am nvelved wlth the Tl!lamook estuary study. which Is a finflsh am
shal 1fish dlstribation and abundance study.

Along with our normal duties t started examining the stomach contents of var.
lous specles of flsh out of curloslty at flrst. | recorded my findings In
vague terms !‘lke snalls, shrimp, piHl bugs, etc. Our flrst annual report was
due and | wrote a short sectlon about the food hablts of flsh In Tillamook
Bay. Suprlsingiy many people thought this type of work enhanced our project

In gensral and | was encouraged Yo contlnue the project in a morae organlzed
manner .,

| was a wildllfe major at Oregon State University and | did not have one
course in invertebrates, so | knew | needed help from experts., 1 went to
Joan Flyn, Oregon State University, and Sandy Lipovsky, Natlonal Marlne Flsh-
eries Service. They were both very patient and eventually they started me
In tha right dlrection.

I've been workling wlth stomach analysis, on a part-time basis, for ovar a yez

now but stlll consider myse!f a beginner at best. | will explain the pro-
cedure ! USE for examining fish stomachs and glve comments on gray areas t
have questions about. | will give some suggestions that may help some of you

that might be beginners as } am,

| am examining 5 species of fish: chinook salmen, starry flounder, English
sole, surf smelt, and hlack rockfich; most of the flsh examined are juveniles

We capture fish using g|||ne|s, trawls, beach seines and SCUBA gear.
Juvenile starry flounder and English sole are preserved In a 10§ formalin

snlution while chinoock and rockiish are injected with pure formalin to stop
the digestive process as soon as possible,

80

| examine the digestive tract of all fish from the top of the esophagus to the
Junctlon above the pyloric caeca. | put stomach caontents into a walch glass
2nd examine them with a blnocular scope. | count and identify atl otganioms
and record my fingings.

| organlze my data for a |-year period of tlme (July 1975-July ¥9763 v Lhat
| know tota! number of food items for each specles of fish and from that |
can compute preferred food Items for each specles by percent. for oxample:
| examined 71 starry flounder sfomachs and found 851 food items. FPreferred
food Ttems were as follows: corophid amphlpods 53.6%, gammarid amphipnds
15.6%, Juvenlle clams 11.5% and so on.

| had 3 basic sources of reference matecial., | used the 1hird edition of
Light's Manual which is an excellent source of information on invertebrates
of the centrat California coast as well as the Oregon coast. Joan liyn pro-
vided me with copies of detailed drawings of organisms she antlcipated might
be found in Tiilamook Bay and | found these most wseful. | offentire
referred to a reference collection of organisms found in Tillamook flay which
was composed by myself and Margaret Tener, 05U graduate studant.

Here are some gray areas | have questions about. | would like to know how to
stop tha digestive process more rapidly than | do with present methods. |
would |ike any suggestions you may have that would speed up the examination
process. We spear black rocktlsh along jetfies using SCUBA gear; howsver, 1
would be interested In finding other ways to capture rockfish In areas |lke
fthis.

Here are some helpful hints for beginners starting work In stomach ?nalysis.
Go to experts and ask for pointers in all phases of the process. Find and
use all keys you can get your hands on which pertain fo the food organisms
you happen to be working with. } have found my reference collection 1o be
a real time saver in the keying process.
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THE PREY OF DEEP-SEA MACROURID FISHES
OFF OREGCN

Julle W, Ambter

School of Oceanography
Qregon State University
Corvaltis, OR )

Thls paper discusses the problems of ldentifying prey of deep-sea
macrourid flshes, The results of this food habits study are pubflshed
by W.G. Pearcy and J.W, Ambier [n Deep Sea Research 21: 745-759, 1974,
The prey of the deep-sea macrourlds Includes many texa that Tnhablt the
deap-sea floor and meso- and bathy-pelagic waters. Several major taxa
were Important prey: crustaceans, echinoderms, molluscs, polychastes,
and fishas. Taxa a!so obssrved Included: f{oraminlfera, nematodes,
echiurcids, and plants, With such a wide varlety of animals and the
incompteteness of deep-sea taxonomy, severa! groups were gliven to
specialists to Identify. However, experience in sorting and ldent!fying
berthic invertebrates from beam trawls helped preliminary identlficatlons.
Recently published references wlll facllltate future taxonomlc work for
most of these animals.

Data Recorded for BEach Fish Observed

For macrourids, an important fact Is whether the stomach s ¢vnrted, full,
or erpty. Since the swimbiadver of a rattat| oxpunds when Lrought fo

the surface, the stomach Is often everted. The percentage of everted
stomachs varies with species of macrourid (Table 1, Pearcy and Ambler
1974}, Data on fullness of the stomach in terms of 1/4, 1/2, 3/4, or

full were subjective and not very useful. The size anu spectes of
macrourid observed were very [mportant, because food hablts changed with
these factors (Table 4, Pearcy and Ambler 1974),

The most useful data for describlng food habits were wet woight and
frequency of occurrence of the prey taxa. Wet weights give relative
Importance of the major taxa which often Include several species.
Freguency of occurrence data can represent each specles and type of prey.
The wet weights aid not correspond very well with frequency of occurrence
{Table 3, Pearcy and Ambler [974), The prey species of laraer macrourlds
dominate by wet weight, when all size classes of a species are comblned.
The position of the prey 'n the stomach was also recorded to dlscover 14
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some animals always were In the anterior part of fthe stomach, which woeuld
imply feedlng in the net. Copepods were suspacted, but thay were Found
#rom the anterior to the posterior part of the gut. The number of =cach
pray teaxa was recorded, but Tha variety of prey and presence or absence in
the predator was more Important (Tab!e 2, Pearcy and Ambler (974}

A higher percentage of unident|fiable gut contents occurred In smaller
rattalls than larger flsh of the same species (Table 4, Pearcy and Ambsfor
1974). The unldentiflable matertal was called "grunge" and in sume cuses
the orlgin identifled: orange crustacean remains from pelagic crustaceans
tl1gh or squid eyes, tish scales and vertebrae, and mud. A fow oommonly
occurring items remained a mystery such as hooks and "copper wires',

Identlfication of Prey Species

for food habit studies of fishes, it 1s halpful to be famlliar with the
potential prey. For the macrourld flshes, benthic invertebrates caunht
in beam trawls and meso- and bathy-pelagic nekton caught in mid-water
trawls were major prey ltems (see Table 2, Pearcy and Ambler (974),
samples were also observed from a plankton net towed above the heam
traw!, However, there was |ittle correlation between copeped species
In the fish stomachs and those in the plankton nets. Gaussia princeps
caught 1n the plankton nets was never observed in tHe fish stomachs,

Identiflcation of the prey to species may not always be necessary. From
tood hablt studies, one wants to discover the major taxa of prey and ifs
hobitat. We wanted to know [f the macrourids ate spibenthos, Infauna,
or nekton. |t may be adequate to know that a particuiar specles and
slze class of rattall eats deep-sez polychaetes and hatothurcids rather
than nakton, But, within a major taxa, some species may be more impor-
tant food items than others. [For example, the rattalls enly ate two of
the holothursid found in Cascadla Basln, Species identlfication of
pelagic prey such as shrimps and cephalopods was correlated with the
dlstributlon of these anlmal!s in the water column, The occurrence of
these mesopeiagic apimals in the guts of the rattails ralsed questions
about thelr feeding behavior. Do ratfalis migrate fo mesopelagic waters
or do they eat the mesopslaglc animals as carcasses?

The followlng is a !ist of taxonomic references which are genaral enocugh
for the bioioglst who is a non-speciallist. for deep-sea polychaetes,
holothuraids, copepods, and amphipods, taxcnomlc specfallsts are
essentlal. These references were recommended by people working with
these taxa on projects at the School of Oceanography, Oregon State
University, GCorvallis.

General
Smith, R.1., and J.T. Cariton, eds. 1975, Light's manual: |Intertidal

Invertebrates of the Central California coast. Unlversity of
California Press, Berkeley. 716 pp.
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Polychagtes

Hancock, Danll, (969, Bathyal and Abyssal Polycaete {anne! tda) fram
the central coast of Qregon. M.S, thesis. Oregon State
Unlversity, Corvallis, 121 pp,  (Key to species)

Hartman, Olga. 1988, Atlas of the Errantiate Polycaetous Annelids from
Callfornta. Allan Hancock Foundation, University of Southern
Caltfornla, Los Angsles. g28 Pp.  (kay to specles)

Hartman, Olga, 1963, Atlas of the Sedentariate Prlychaetour. Anne|lds
from Callfornia, Allan Hancaek Faundat ton, thiiveisily ot
Southern Califorala, Les Angeles. @12 pp, tkey to speclas)

Mol tuses

Abbott, R. Tucker, F9UB.  Seashel|s of North Amorica: A guide to

tield ident!fication, Golden Press, New York. 280 pp,
to specias)

(key
Abbott, R, Tuckaer. 1974, American Seashelis: The marine moflusca of
the Atlantic and Paciflic coasts of North America. van Nostrand
Reinhold Co., New York. 663 pp, {Key to speciaz of shel tad
mo | luscs, Descriptions of cephalopod speciss. )

Aklmushkin, i.1, (965, Cephalopods of the Sea of the U.5.5.R,
Akadem|ya Nauk 53SR, Institut Okeanologi | {Translation},
223 pp. {Helpful for squid beak Tdentificatlon,)

Clarke, M.R. 1962, The ldentiflcation of Cephalopod "Beaks" and The
Relatlonship between Beak and Slze and Tota! Body Welight,

Keen, A. Myra and Eugene Coan. 1974, Marine Mol luscan Genera s 4
Westarn North America. Stanford University Press, Stanford,
126 pp, (Key to genera of shel led malluses only.}

Roper, Clyde F.E,, Rlchard E. Young and Glibert |, Voss. (965, An
Iltustrated Key to the Famllies of the Order Teuthoidea
{cephalopoda). Smlthsonian Contributions to Zoology, Mo, 13,
32 pp.

Young, Richard E. 1972, The Systematles and Area) Distributieon of

Pelagic Cephalopods #rom the Seas off Southarn Callfornla.
Sm!thsonlan Contributlons +o Zoclogy, No. 97, (key to specles)
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Crustaceans
Copepods

olda of the Far Fastern Seas and Polar Basin
Brodskil, E%A+helﬁggé. CgégTogical Institute of the Academy of Scimnces
of the USSR. No, 35, Moscow. 441 pp. Iranslated from
RussTan by fsrael Program for Sclentific Translatlons, _
Jerusalem, 1967. (Avallabie from U.S. Lepartment of ?O"me;€e'
Clearinghouse for Federal Sclentific and Technical Informatinn,
Springfield, YA, 22151, (key to specles.)

7 the I'larlda Current .
.R., and Marla Foyo., (967, Chpepnds of .
Oures Fauna Carlbasa, No., 1. (37 pp. (Very good adaptation of
Rose's key to genera.)

Rose, M. 1933, Copepodes Pelagiques. Paul lechevalier, Paris.
’ 374 pp. (In French.)

dmphipode

f Marine

. 5. 1969, The Faml!les and Genera o ;

pernard, JGaéﬁZ:TEean Amphlpoda. U.S, Natlona! Museum Bulletin 27¢,
535 pp. (Key to genera.)

73, The Families and

Thomas E., and Hans-Eckhard Gruner. 1973, [

rouman anera of Hyperildea (Crustacea: Amphipoda). 5ml?h%onTa2
Contributions to Zoology, Mo. 146, 64 pp- (Description »
famiiles and genera.)

Dicklnson, John Joseph. 1976, Two Zoogeographic Studies of Eeep-ﬁea
’Benfhlc Gammarld Amphipods. Ph.D. Thesis. Oreqgon JTa1e
University, Corvallis. 117 pp. (lIncludes species lists for
stations in Cascadia Basln,)

Deeapoda

f the Northwest

Mary J. etal. 1904, Decapod Crustaceans o ¢

rahbun, éo;sf of North Amerlca. Harriman Alaska Series, Vol. X,
Crustacea. 337 pp. (key to species.)

Crustacea of Callfornia.
hmitt, Watdo L. 1921, The Marine Decapod
> ' Universlty of Callfornia Press, Berkeley, 470 pp.

(key to species.)

ic shrimps

lten. 1972. Zcogeography of pelag

Hosner Ro?zgla:fF:? Fenaeldea and Caridea) In the Narth Paclfic Ocean.
Ph.D. Thesls. Oregon State University, Corvallis, 237 pp.
{key to specles.)
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Eehinoder ms

Holothurolds

Carney, Robert. 1976, Patterns of Abundance and Relative Abundance of
Benthlc MHoelothurolds on Cascadla Bas'n and Tuft's Abyscal Plaln
in the Mortheast Paclfic Ocean., Ph.D. Thesls. Oregon State
Univarsity, Corvallis. 180 pp. (Mo key.}

Ophiureids

Kyte, Mlchael, A, 197|. Recent Ophiurcidea Qccurring off Qregon, U.S.A,
Pages 65-83 In Ecoleogical Studies of Radigactlvity In the
Columbia River Estuary and Adjacent Pacific Ocean. FProgress
Report | July 1970 through 30 June 1971, Submltted to
U.5. Atomic Energy Commission Contract AT (45-1) 2227,

(School of Qceanography, Oregon State Unlverslty, Corvallis.
Cut of print., (key to spoacles.)

Fishes

Hart, J.L. 1973, Paclfic Fishes of Canada. Flsharies Research Board of
Canada, Builetin {80, Ottawa. 740 pp. (key 1o specles.)

lwamote, Tomic, and David L. Steln, 1974, A Systematic Review of
Adjacent Waters. Bulletin ot the Califoernla Academy of Sclences,
No. 111, 79 pp. {key to species.)

Milier, Danlel J., and Robert N. Lea. 15972. Gulde to the Coastal
Flshes of Californla. Flsherles Bultetin 1%7. State of

Californla, The Resources Agency, Department of Fish and Game.
(key to species.}
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STOMACH ANALYS|S METHODOLOGY: STILL LOTS OF QUESTIONS

Catherine Terry

College of Fisherles, University of Washington
Seattle, WA

There are two cbjectives In this presentatlon: One Is te describe fhe me-
thodolegy currentiy belng used in our food web studles at the Unlversity of
Washington's Fisheries Research Institute. The second is to bring up for
dlscussion some of the questlons and problems for which we haven't found
adequate solutlons.

Mathodol ogy

Preservation of speoimens, Flish to be kept for sfomach content analysis are
placed in 10% buffered formalin In the flold. With larger tish, furmatin is
Injected Into the abdominal cavity within 15 minutes of capture. The amount
of formalin injected is recorded and its weight ls subtracted from that of
the fish when the flsh is weighed. Fish are returned fo the field lab where
langth, welght, and sex data are recorded. Small fish are tagged with a
specimen number and a station location code. The tag Is placed under the
operculum and up through the mouth. Stomachs from larger fish are dissected
from the abdominal cavity, cutting as close to the esophagus as possible
and cuttlng jyust posterior to the pylorus. The asophageal end is tied by a
string wlth a tag labelled as above.

Laboratory procedure. The stomach is removed from the Fish and dried off,
A damp weight [s 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
welghed. By subtractlon this provides a total stomach centents weight In-
cluding unidentifiable material and fluld. An evaluation of fhe stomach
fuliness is made and glven a number scaled from 1 (empty to 7 tdistended).
The stomach contents are placed In a dish marked with a grld and sorted,
separating all unldentifiable matric from recognizable prey organisms, A
subjectlve evaluation of the stage of digestion scaied from 1 (all unident-
|flable) 1o & (ne digestlon) is made at this time.
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Prey identlfication iz made to the lowest taxonomic level possible glven the
digestive state wnd the abtlity of the sorter, For example, crab and shrimp
ara fairty easy to identlfy it they are Intact, so these ars faken to specles
if possibla. Polychaetes are generally beyond recognitlon but we try to take
these to famlly if we can., Amphipods are carrled to suborder (gammar lds,
capreflids, and hyperifds} but no further, HNo attempt Is made to Identify
other small crustaceans beyond the grouplngs of harpacticold, calancld, and
cyclopoid copepods, mysids, cumaceans, tanaids, and euphausllds, Isopods

are taken to suborder when possible. Molluscs are often relatively easy to
Identitfy and are taken to genus and specles, though ident|flcation as a
qastroped, pelecypod, or amphineuran is most common,

After prey have been scrted into groups and Tdentlfled, they are counted.
Counting can be a problem If the prey are pieces. In this case only a whole
organism Indicator--{.e., something the animal has one of--is counted. For
example, heads for crustaceans, opercula or aplcal whorls for gastropods,
hinge areas for pelecypods, central dlsks for ophlurcids, and Aristotle's
tanterns for echinoids. When a prey was not eaten whole and only a part was
Ingested, the parts are counted and glven special coding that indlicates that
It was only a part. This Is especlally useful for fish that prey on clam
siphons and don't take the whole clam,

After the prey organisms have been sorted [nto groups and counted, the welght
of each faxonomlc unlt ts obtained to the nearest thousandth of a gram, The
stomach contents are then placed In vials and kept for possible further
identification of some of the difflcult prey groups, such as gammarid
amphipods, by experte in those taxonomic flelds,

Stemach analysis data are recarded on computer-format forms with 10 digt+
numeric codes for both predators and prey (Figures la, 1b, lc),

Time element for guts. Analyzing fish stomach contents using this method is
siow work. We average ! hr/stomach. This average Is only this low whan we
include the time 't takes to do an empty stomach, which Is about § minutes.
The minimum time we spend when a fish has food in Its stomach s about 20
minutes. Juvenile flatfish and large rockflsh eating large prey organlsms
usually flt Into this time cateqory. The maximum time we spend per full gut
Is 4-5 hours tor large fish ealing lots of small prey. This is common for
adult embiotocids and processing time for these fish Is very long. For
example, one Babioteca lateralis } did recently had 915 gommarid ampipods In
its gut and took 5 to separate and count all the organlsms.

Problem Areas

Identification. How far must you carry prey ldentificatlon? tdeally, ldent-
{fication should be made to the spucles level except whern domage by digas-
tion has destroyed the specific characters. Practically, this is uxtremely
difticult because of the taxonomic difficulty of many of the prey groups.

The sorted prey would have To be given to experts in each taxonomic fleld,

a single emblotocid may have BOO-300 gammarid amphipod in its qut and it
would Vikely take several months just to {dentify these organisms form ons
stomach. Yat 1f we're looklng at interspeclfic competltion tor food, it

Hi

T

seems essential that we know exactly what species of gammarids are being’prey-
ed upon since there is such a great diversity of gammarids living In a wide
varlaty of habitats., A possible altermative would be to idenfify the func-
tional rola tegq. pelagic, epibenthic, benthic) of a preybnganugm Nhute mor ph-
ological characters, are definitive. This, however, definitely complicates
coding thses organisms.

In additlon to the taxonomlc difflculty, there is the compllcating taclor of

different levels of digestion. [+ Is frequently impossible to Tden?!fy a
proy Ttem beyond a broad category because of fhe advanced stage of Jige-tion
I+ Is in. |f in other stomachs we can identify organisms fo species leval

how does one analyze the data? Do you throw out all specimens f?r which the
prey are too wall digestad to be recognizable as Indlvidual species?

Organiemg parte--how do you make caunts of prey arganisms which by thalr na-
ture are not eaten whole such as pleces of algae, sponge, hydrolds, bryDZU?nS,
holothurcid gllits? We have been maklng very subjective esflﬁalns gf what Qs
"hita-sized" and then countlng pleces this slze. This Is QU|+e'arh|1rary and
n some cases Impossltle fo do. Recently, we had an Erophrys bieon nfuma§h
which was full of sheets of Ulve and Porphyra and there was 0o way to esti-
mate a number of bites of algae taken. In cases | 1ke this, our current
method of trying to get both counts and weights breaks down.

Subsamp! ing

Can you subsample when the stomach Is packed with tiny prey? When stgmach
contents are removed from the stomach ang placed In water, they do not spread
out ntce and evenly. Instead they tend to be very tightly Ciump?d and one
needs to carefulty tease the organisms apart. It Is the sgparafuﬂn of the
prey that takes the time wlth these guts, If wa were to SImp!y take half of
the stomach contents and analyze them, we run a faITIy high risk of error
because the distribution of the prey organisms within the gut content often
is not random. It is fairly common to see clumps or bands of certaln prey
types in the stomach contents. For example, with a glankfon teeder, most of
the stomach contents may be a mixture of copepods, Oikopleura, chaetograths,
and flsh larvae and have a wide band of nothing but mysids placed somewhaore
In the stomach contents.

These are the questicns that we still have about how It is best to QO fish
stomach content analysis and [ hope that they will be parf of the discussion
that follows.
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METHODOLOGY USED IN STOMACH CONTENT ANALYSIS

John P. Eflison
Occldental College and Seuthern Catifornia Edison Thermal Effects Laboratory

tos Angetles, CA

At King Harbor, one aspect of our research program is 1o examine the faoding
hablts of approximetely 30 species of flsh. These fish include epifaunal
grazers, pesclvores, plenktlvores and herblvores. Their stomach contents are

belng examined in ordar to determlne their dlets and these data will be ana-
lyzed with Occldental's {BM 376 computer using a program for discriminate
analysis. These results wil) fn turn be correlated with tield observations,

The procedures and methods used for the collectlons and handling of the fish

are as foliows:

1. The fish are col lected by SCUBA divers using gill nets, pole spears
and collecting bags.

2. After capture, the #lsh are placed info a bucket without water and are
allowed 1o sutfocate. A solution of 20% formaline |s then Jnjected Into
the gut to stop the digestive process and preservad in a 10§ formalin-
sea water solution for at least 48 hours.

3. The flsh are then rinsed In running water Jor 2 hours and afterward
piaced In 70% isopropyl alcohoi.

4, The fish are welghed, their length is taken, and they are dissected to
remove thelr stomach and intestine, and their sex 'is noted,

5. The contents of the stomach and Intestine are examined separately with a
variable power dlssecting mlcroscope. The food items are keyed out to
the lowest taxon feasibie and their number is noted along with thelr
estimatad parcent volume.

Becausa of the relatively poor condition ot the tood items in the intestine,
only the data from the stomach contents are used In the statlstical analysis,
The information from the intestine is used only In comolllng a list of food

organisms for the tish.
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The use of discriminale analysic allows us more leowny than many nther statis-

tical tests, in that both enumerated and measured data may be utilized. For

exampla, the diets of 2 or more fish may be compared usiny such data as recon-

structed welght of the proy species, volumetric displacenent, percent occur-
rence, percent volume of stomach, atc, as well as the numerjcal

v oncurrence
of the food items. Just as measured dota provides a more volid Tnterpreta-
tion of gut analysls so a statistic employing this type of data will result

in o more useful test of difference ar simiiarity,

In caleulating our variable we mulliply the number of each food Item 'n the
food agrcups by their estimated porcent volume. Hopefully this will enable
us to weigh the purcly numerical data In order to get a more valid represen-
tation of the relative value of the various food groups.

Another advantage of discriminate analysis is that any one flsh noed not
have every food group represented In Its stomach. This allows fhe refantion
af minor food groups in the analysis rather than thair cenblnation inte
farger groups and the loss of information. It should be cautloned at this
point that the proper food groups be chosen. For example, it may be valid
fn some instances fo combine certaln prey species into a common faod group.
In such cases the prey species should be looked at as an environmental
rather than a foxonomic unlft. On the other hand, It may also be possible
that elther sex or growth stage will separate a species into dlfferent be-

havlaral and environmental unlts and necessitate its segreat lon [nto two or
more food groups.

There are several consideratlons which should be kept In mind when using
discriminate analysis, Ona is that the food groups chosen be dlstinct and
with the lsast possible amount of overlap. This condition [s sometimes
difficult to meet in gut analysis as 1t s often necessary to comblne badly
mutilated and digested food items inio higher taxcnomlc cateqories there-

fore creating possible overlap situations. Another apsect i that there
should be as many cases as thers are variables. So 1f you are comparing the
diets of 2 species of fish and you find there are 20 food groups to deal with,
then you should examine at [east 20 full Indlviduals of each speches.

Our work to date at King Harbor nas revealed 72 food groups In the collective
diets of the 30 species of fish that we are concerned wlth. Qur goal Is to
examine a minimum of 20 full Individuals of each species. The resulting F
values from the computer analysis of this data witl enable us to determine
which fish have different or similar dlets.
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DISCUSSION:  SESSION 3; LABORATORY PROCEDURES
AND IDENTIFICATION

In facilitating the

nce of a (prey) reference collection .
TzzniTg?gzilon of fooz organisms from flsh stomach contents was emphasized
durlng the panel presentatlons.

Brock Bernsteln, Jack Word and John STepheT? pginfedlo:+ +:2C?L?i§? $;Z;-
f predator collecticn, l.e., =
duced according to the time @ glocturna
d the value of various indicatio
ars collected during the day, an " Son O ot
tomach examination such as state of diges y P
;:2367; l:esguf or the Intestine, etc. in elucidatfng the actual feesding

chronology.

ted to regurgitation, espacially wlth collection of
igzig?éhczTZEZEZa:?L;. Gienn ﬂangBlarlcom suggested using a hénd neT». )
to contain fish and anything regurgitated; Greg Call1!e:IaEd kézr:E?;Fla s
were using quinaldine in squirt bottles to anasthetize ! ECUEA dlv;rg
and then place them In bags, and Jim Congleton mentione :
using a balted line to lure tish Into a net.

hat low stomach fullness and
t+ad and Catherine Terry suggested 1 : 5
glh?;meTzc?dence of empty stomachs In rocktish may be natural, consldering
+helr tendency to forage on large organ!sms.

the hing guts of Juvenile
asked |f the Nanaimo group examined v N
Sﬁszzglzgn {no} ....he suggested that there may be a slzable percentage ©
the total allmentary tract contents found in the hindgut.

ed the use of

jon among Feller and the Nanalmo group concern

:eiizgﬁgiTs VS, d%y welghts and pofnted out that whi le dry weigh;s T;e

less varlable, fish are eating wet waights, not dry, So +heT$ 5 ::ive

be related to the dry weights of the fish fhemselvaTk :hela\.‘r :;EIIOHQd

fze. e Heale A

econstruction of bicmass by organfsm's_

l:ai ;or juvenite salmonids they were examining, stomach confen;s t or

averaged 54 to 10% of the total fish biomass, whether mcasured by we

dry weight.
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Dave Levy montioned the problem of droppling flsh (especinally cottlds)
directly Intc formalin for preservation as It will often Induce regurglta-
tlon and an intermediate anesthetlc Is necassary,

Bruce Miller requested information of the Nanalmo group regarding prey
coding errors, Baverly Kask varified that they ran cross raferences
among thelr stomach examlners wlth no signiticant errcrs, though Heaaley

noted that this is difficylt because subsequent examiners ended up wlth
fewer and fewer organisms to Ident1fy,

Back to a dfscussion of measuring weights, Jim Congleton asked |f anyone
had Information showlng a progressive decrease In dry welfght with preserva-
tion 'n formalin. Callilet mentioned that zoariclds shrank 10% and their
food organisms 5% to 10% for a few days, but then decline qulckly

tapared off; he suggested using a volumetric instead of a gravimetric
method, clting the drying of Cikopleura to essentlally nothing. Johnson
and Toner beth suggested that the volumetric method was too t Ima-consuming,
Simenstad sald that the volumetrle method was also tess preclse +han

taklng weights, and Yerry thought you tended to contribute more water
to the volume when you added an organism.

Consldering stomach fullness, Callllet mentloned that in studias of Loligo
stomachs, use of fullness Index from 0 *o 4 provided genarally the same
concluslons as the percent total dry walght, with few discrepancles.

Robin LeBrasseur said he had once tried measurltng the maximum volume of
salmon stomachs by pouring mercury in them, but that they always dls*ended
and subsequently explodad before they got full; thelr studles did Show
that the maximum stomach fullness of chum salmon In the wild was 6% fo

1%, while experlmentai laboratory feeding situations went as high as

14% to I5% of body welght. Callllet wondered about the use of subjective
scales, especlally the problems of "grey areas” with long scales, Terry
exptained that of their seven valve fullness scales, only four were used

very often and the others represented extreme cases not typically en~
countered.

Horbert Jaenlcke said he had used the volumetrie method of Yenchers and
Herberts, measuring zooplankton dry walght over valume but that It was

tIme-consuming and prone to error because of the need to pool samples,

Sitert slmply asked if anyore had done anything useful with the percent
fullness Index; 1.e., why measure |+? LaBrasseur suggested that Tt

could be more useful +o record fullness as a percentage of the flsh's
weight,

Steve Obrebsk| compared the subJective fullness Index to that for poarcent
cover used by terrestrial ecologlsts, saylng that [t had been shown

that there were significant differences In the estimate, depending upan
the observer, producing an element of error, He suggested that It would
probably be wiser to go to some other method.

Laevastu reminded the group thal the Abderhalden serles ir the German
Handbook of Blolagical Methods, which was produced Tn furmpe in the 1920's,
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h analysis mathods including many ot the same problems being
;?:2&::23? S;zmzznflnue: that ICES and FAQO have also revlewed these me:h??s
and that Eurcpean titerature should be checked, especially the documen al on
of food habits varlablitlity In space and tIme. He afsec noted that thore Is a
cryling need to summarize the exlsting data on fish food hablts ang o::§ql f
current and future studles on more practical Informatlon, clting the lag ?
kpowledge of North Paciflc squid resources as either food organisms themselves
or ragarding their prey.

t they used a wet weight: dry welght
dy Lipovsky asked the Nanaimao group |

gz:v:rslgn faiTor {nho) and whether anycne had looked at annual or seasonal
variatlons In such a relatlonshlp. MNo one knew of any data,

ment Joned that separation of tha food bolus without breaking up
i:gnaﬁ:$;?gncai be a problem aﬁd sald that Relsh's people used an ex?:emflﬁ
fne=meshad screen to wash !t over, separating the food organisms withou Ftoi-
much damage. He atso sald that he had never observed speared fIsT rigu;? 2*
Ing and that allowlng them to "suffocate" appeared fo be prafarab‘e*lo re
preservation In formalln as far as reduclng the chance of regurgitation.
Stephens concurred.

t contamination of fish
skad 1 anyone had ever sericusly ftooked Inta ne

:?ggazh con?enfst by consumptlon of elther net-caught ltems or other fishes'
(regurgltated) food Items. Laevastu reported the Incldence of largs ?nd small
pol lock belng caught In frawls and the problem of Interpreting the evident
cannlbal Ism.

word also mentloned the superlority of Keen and Coan's "key fo the gerera”
for ldentlfying small palectpods.

break, the participants entered intc a llvely dlscu?sion
Z;LﬁZin?iga¥ﬁ2ngilmum level og taxenomic ldentification of_prgyhor?gngsms.
Word presented the view from the taxcnomist's angle, that prey SfO:| ?Ion
Identified to species, In fact all tha way 1o sex 1f the stage ? ) ges
permits. Hls argument was that there are often dlstinct fife ? i ory or
gcologlical differences in congenerics or between the 2 and & o igei;aTe
spectes (speclflcally clting amphipods and cumaceans}, which wou X ?dvbe
differentlal exposure to predation. He malintained that the prey 7 ?u be
tzken to that level and lumped back up according to |1fe hlstory kn Or?ﬁis B
and that one shouldn't "stop somewhere along the route and sEy, okay,
Is the most +ime-app!icable appreoach to leoking at stomachs.

Others questloned the teaslblllty of this tIime-consuming and expins:ve approac|
as most of us are Involved In ecofoglcal rather than taxonomic stud :s& .
Several suggested compromises in these analyses. Simenstad ric?mmzn ffe? !
tiered system where subsamples of representative prey were rgf? gef ather :
detalled sorting (counts and welghts} procedure, to be TdenfnfTe t:r " ecI:-
o speclalist. Unfortunately, as several polnted out, quite often Tblp

|1st never gets them. Stephens suggested gelng to specles w??? possld $hen
according to the stage of digestion, as often as possible. iis :o? e
require using the data In several ways, eliminating daTa"ffomlce; a :d: ne

of analysls, especially slnce the preclslon of the data "simply depends

{the) purpose of the analysls anyway."
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teBrasseur wondered about the cast of such precislon, estimating that, glven
a $25/hr speciallst taking 40 hr per sample, a 20 flsh sumple would bring
the cost of $20,000 per sample! Word replied that the speclalists don't
see everything, that a severai staged sortlng process quarantess rhat the
experts should only see 5-10% of the sample, Werd furthar noted that
pecple seldom go back to the sample after +he precessing and use what Is

on the data sheet and that fs the most fmportant part of a study on stomach
contents. Elllson also reminded Word that, as a benthic ecoloqgist, he

Is interested in everything that Is there while In our analysis of fish
stomachs the emphasls Involves tha major organisms of "interest” to the
pradator,

Getting down to the meat of the discussion, Obrebsk| peinted out that the
objectlves of a food habit study determine the way the data are analyzad
and, thus, should dictate the samplIng deslgn (e.q. sample sizes, precision
ot taxonomy, etc.); "1 think one of the gensral problems in agentzing
about thls is that people do not generally have a sutflclentty distinct
ldea about what [+ [s that they ara gclng to use the data for; thay are
not sufficlent!y familfar with methods for analyzing the data and, hence,
they are overly concerned with general lzable problems of preclslon, which
add a great deal to the labor Invalved and are counterproduct ive for

the reasons we are discussing, malnly, trylng to optimize getting some
kind of information within some fixed timits of cost and other aspects of
loglstics." Rather than accumulating a lot of data betore looking for

the appropriate statistics, he felt samplIng and other techniques should
be designed to make maximum use of whatever the appropriate statlstice
are, around an a priori idea of what the chjectlve Is. Callllet suggested
that although 1T s necessary to say, wlth some reasonable probabliity,
thet the interpretations and conctusions are right, pecple shouldn't get
50 wrapped up in statistics that that s all they are deing; the two
extremes should merge.,

Stephens cautioned that researchers shouldn't neglect coilecting certain
bits of (easily obtained) information that may not seem useable at the
time, but may prove valuable |ater, Obrebski sald that a good statiticlan
might {ind ways of deslgning sampling less around hard-te-get data and
mere to make maximum use of a timjted amount of Information. Sibert and
Healey argued that there fs a cartatn amount of data bainy gathered on
fish dlets just for the sake of doing 1t, most of !+ worse than useless
and counterproduciive, when, in fact, "“the kinds of methods they use and
the sorts of information they coltect should be dlirectly relevant to
whatevar problem or hypothesis they are attempting to +ackle" e.q. a
specific hypothesis to test about the {ntersection of the hlology of a
predator and Its prey, Healey alsc criticized the yse of words such as
electivity, competition, celectivity, diet, overlap, prefcrred food, ete.
when this Information can't be from the stomachs, especlally consfdering
the blases of sampling gear and the true abundance, relative proportion,
and avajiability of argauisms in thair communltles. Obrebsk! supported
this, citing a California agency's mandatory requirement for cluster
analysis of benthic community data a technlque which he consldered use-
less out of context; wheraas, an intelligent ecologist's approach would

28

be to use cluster analysis fo focus efforts on major organisms in the
community,

wWhile Allen Indicated that species which coexist in the softbottom ?ﬁmT;s?l
communltles tend to have dlfferent foraging behavlor, Sfap?ogslargfﬁhrlt?es
thers apparently are different problems in rocky shore sﬂb Tdal commun
where they've observed many fishes {seemingly) foraging in the same place
at the same time.

ching behavior in feeding by hexagrammus, as
NoT;;ac;geTipﬁzgegir::QZmenfgof prey in the stomach, Simenstad ask?d 1 we
evuldn“r be getting more Information out of 0ur‘analyses. Qbrobskl ?Ited
;ﬁrdoch and ofhers' investigations on optimization of foraging behavior
and sald that many of these developments in other areas ot ecoloﬁy are re
net part of our consciousness. Laevastu argued that !f'w? accept concep
such as salectivity, food preference, and food as a timiting TQ?EULEZ:
when the medeler comes to programming and consfrucfingla comple o
system modei, it is necess?ry to aCCT?$++{0r a;;ozzga:oimbgriﬁfz;n away,
tive or gua ative,
::1 lzlgEEEEIT:'oggz:*;;aprovlde gome fesdback to their feelings about the

modsl .

i Isagreaing with the generality
closed out the discussion session by d
?ﬁgla¥lsh populations are food-limited and asked for evidence to that effect,
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A PROGRAM FOR STANUARDIZING THE IDENTIFACATION OF MARINE INVERTEBRATES

Jlack Q. Word
seuthern Californla Coastal Water Research Project
£l Segundc, CA

Around wastewater discharge sites the types of arganisms, their population
sizos and their dlstributional patterns are being used to determine the ex-
tent of change in the environment (smith and Green, 1376}, In 1913, the
Coastal Water Project examlned the ecclogy of the Southern California Bight,
particularty emphasizing alterations in the kinds of animals llving around
these discharge sites. 1t was thought that comparative analysis of these
data would provide valuable Informatlon. I+ was later determined, however,
that not all of tha changes observed In species composition were actually
due to envircnmental changes; Instead, some reflected inconsistent or in-
accurate ldentiflcations of some of the over 4,000 specles of invertebrates
in southern Callfornla. (Word and Charwat, 1974; Word, 1975; Word, ef al.,
15676} .

tn order to correct this prot:lem and increase the vaiue of these dala, we
etarted the Taxonomlc Standardlzation Program to facllitate the exchange of
taxehomic Information and promote uniform identificetion among 150 practic-
Ing southern allifornia faxonomlsts.

This program standardizes the level of Tdentification and the names used for
each particular specles through a series of publications and workshops with
various taxonomlc experts. Workshops are typlcally scheduled every 2 months
at which presentations are made and keys are distributed among 30-40 par-
ticipants. After the formal presentations the group of organisms under dis-
cussion are looked at in the Jaboratory and the keys critically examined.
informatlon presented durlng the workshops, Inctuding the keys, any madffica-
tions to them, and new taxcnomic informatlon are then pubtished in the bi-
monthly Proceedings ¢f the Taxonomic Standardization Program which s mailed
to over 200 partlcipants in the program. The proceedings are meant to be
s+imulants for interest In a particular group of animals and hopafully the
Intorest created wilt result In comments about particulariy difticult coup-
fets In the keys or specimens which do not fit the keys. They are addition-
ally intended to provide up-to-date, accurate taxonomic informaticn,

Contribution Humber 78, Saouthern California Coastal Watar
Research Project
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palaemon pitteri Holmes, 1B95
Common Nape

An outgrowth of the Proceedings is our tinal document on identiflcation of - No common name 1ln use.
species yroups, The lInvertebrates of Southern Callitornia Cosstal waters (Word
and Charwat, 1979, t976). These volumes Include all the neccssary Informa-
tion teq. flgures, keys, glossaries, etc.} regulred by the non-expert tax-
onomist to quickly and accurately ident|fy specimens of the spacles contalned
In sach book. All information on each species has been confined 1o a single
page, contalned in a looseleaf binder (Figure la and Ib}. This will allow

us to revise, add, or delete species from the volumes wlthoul requlrlng a
complate revlslon of the publlication.

Wwe belleve that the maln reason for the success of this program has been our
direct Interacticn with the sclentists dolng the fdent{fications. By using
the knowledge accumutated by these scientists and through tts sharing at

the workshops all of the active partlcipants In the program have Improved
their Tdentlfication abilitles and Incraased their efflclency. Many of the
systematic problems recognized in past years have been corrected and the
analysis and compariscn of data collected by the many dlfferent organizations
In southern Callfornla is becoming teasible.

LITERATURE CITED

Smith, Robert W. and Charles S. Greene. 1976, Biological communities near
submarine outfal!. Journal Water Pollutton Centrol Federation, Yol 48,
MNo. 8, Aug. 1976 pp. 1894-1912.

ek st ) —

itional Diagnostic Characters:

Southern Callfornia Coastal Water Research Project. 1%73. The ecology of hddielon
+he Southern California Bight: Implications for water gquallty management.
TR t04, March 1973, 331 pp.

color: Translucent white; eggs when
present are pinkish in ecolor

size Rapge: up to 4 cm in total length "
Habitat: A common rocky intertidal and
= { rackish water inhabitant of
both coasks of Haja ralifornia.
It has been found in sputhern
california at San Diego Bay.

word, Jack Q. 1975. Invertsbrate taxonomy program, Southern Callfornia
Coastal Water Rasearch Project, Annual Repert 19753, pp. 67-68.

wUrd: lack 0., Brad L. Myers, leslle H. Harrls., 1976, Taxonomlc Standard-
izatlon Program. Southern Calitornia Coastal Water Research Program.
Annyal Report 1976, pp. 195-196.

Remarks; VEry similar in appearance
to many shrimp specles af the
famlly Hippolytidae. Members
of the family Hippolytidae have
multisegmented carpi on the
2nd walking leg.

Word, Jack §. and Danuta K. Charwat, 1974, Taxonomic standardizatlon.
Southern Callfornta Coastal Water Research Project. Annual Report 1974,
pp. 53-57.

P o TP

word, Jack Q. and Danuta K. Charwat eds. 1975, |Invertebrates of Southern

Californla coastal waters |. lect f {a i i
select groups of annelids, arthropods, Miscellaneous: popyrid isopod parasites

echinoderms, and molluscs. Southern Calltornla Coastal Water Research

: ' are commonly found under the »

froject, ot 18- carapace neir the branchial f——ﬂ——ifh-——ﬁ
chamber.

word, Jack Q. and Danuta K. Charwat, 1976. |Invertebrates of Scouthern
Californla coastal waters 1. Natantia. Southern Californla Coastal
Water Research Project, May 1976, 238 pp.

Figure la. Sample species sheet from keys ta invertebrates ol
Southern California coastal waters
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Palaemon ritteri Holmes 1895

SYNONYMS

Leander ritteri Mcbili 1901, Mon Palae-

2emon ritteri? | - realae
1935, Fitteri? Rathbun 1910:;"of Schmitt

DISTRIBUTION

RANGE: From San Die i
g0, Calif.
4+ Llena Bay and in the Gulf o;fCaE?fMagda_
5 guaymus. From intertidal to 30 m. °
rom Holmea 1895: Sen Diego, California.

:;;mHRathbun 1904: San Bartolome Ba
and agdalena Bay, Baja California and
az Harbor, Gulf of californmia. |

From authors' data: Algodones Bay
L}

Guaymus
:Onﬁ?. + Sonora, Mexlco (intertidal

L3

e

Sexual or juvenile dimoerphism:

=N

Museum specimen numbhe
: r 1353 (sccwre
Computer ecode number 180L0301004001l(EPA—OHIO‘

Figure Ib.
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FREQUENCY DISTRIBUTIONS OF FOOD ITEM COUNTS IH INDIVIDUAL FISH STOMACHS

J. Sibert
Department of the Environment, Fisheries and Marine Service

Paclfic Biological Station, Manaims, B.C.

5, Qbrebskl
universlty of the Paclflc, Paciflc Marine Station,

DI1lon Beach, CA

Stomach contents analyses are conducted for many reasens, The results of
such studles are usually statements about the suite of food items consumed
py flsh and statements about tha amount of a particular food Item consumed
by a partlcular species of flsh In relation to another species of fish or
in retatlon to the same species, takan in a different sample. The state-
ments about range of food items preferred are rarely, (f ever, presented In
a simple, clear, quantltative fashion. Similariy the statements concerning
the amount of a particular food item are rarely accompanied by the additlon-
al information required to evaluate the significance of any observed dlf-
farences. These cbservations are not necessarily intended as criticisms
but rather should be taken as comments and reflections on the complexity
of the problem.

In this paper, we report some preliminary results of work in pragress on the
variation of stomach Item counts betwsen Individual stomachs. The purpose
is threafold: 11 to "gat a feel" for the range of variation In a rather
large body of data; 2) to search for a method of representing the central
+endency and dlspersion for stomach contents data; 3) to explore the statls=
t1cal propertles of the data prior to the application of multivariate
pattern-racognition technlgues. We do not propose any definitive solutions
to the problem, but we may indlcate some promlsing avenues for further
inquiry.

Methods

The data consist of the results of the dlssection and analysls of approxi-
mateiy 17,000 fish stomachs collected trom 7 estuarine areas on the Strait
of Georgla. The fish specles involved are principally juvenile salmonids,
herring, stlckleback, perch and scuipins. These data were collected and
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used for the preparatfon of env | ronme
proposed developments In the Fraser,
estuaries (Goodman and Vroom, 1974; F
study beqins a second more laisurely,
of the data,

ntal Impact statements fn relation to
Naraimo, Camphell and Cowlchan Rlver
nvironment Canada, 1974, 1975). This
and perhaps more rigorous, examlnation

A subset of 14 stattons In the Nanamo estuary on eastern Vancouver Island

was selected from the data base {Flg.
werg In deeper water seaward of the d
seine at both high and |ow tides. Th
tida! and were sampled by beach seins
were obtained from March through July

Tha Iaborafory Procedures for analysi

1. Four statlons t4, 13, 14, 15)
elta face and wera sampled by pyrse
e remainder of the stations wera intar-
and pale net at low tide. Al samples
of 1973,

ng these sampies are discussed by Kask

in these proceedings.  The data subset discussed in this Paper is baslcally

the same as that presented by Obrebsk

Before boginning the analysis of the
data set had to be condensed further.
from 71 to 8 (Tabte 1), The potent;i
antries was reduced to 20 by & proces
the total count, biomass and Incidenc

b and Sibert also in these proceadings.

individuai frequency distributions, the
The fish specles I1st was shortened

al food category Ilst containing 157

s of ranking, Ranks were obtalnsd for

e for each of the nriginal 157 cate-

gorles. The ranks ware then summed and the 20 )tems having the lowest sum

ot ranks waere selacted {(Table 2.

Results

The finai data subset consists of 1,7
stomachs are summarized in Table 3.
dffferences, but the significance of
to evaluate from the data presented,

The characteristics of the data are p
histograme; 4 of such histograms are
two aspects of these distributions wh
the high proportion of rero counts,

relativaly large number ot extremely

The high propartion of zerc counts ma
by ditference from the total numbers

12 fish stomachs., The contents ot these
There are evident sTmllarities and

some of the differances fs impossible

exceapt on the basis of intultion.

erhaps bottor illustrated by frequency
presented in Flgure ;. There are

ich are Immediataly apparent. First Ig
Second Ts the long tall contalning a
high counts.

¥ be micleading since it g calculated
of stomachs and the sum of all non-

Zero aobservations. [t indlcates, however, that the fish are probably ful(
of somathing else, since for mast species, the proportion of totally empty
stomachs was always rathar low {Table 3).

The long fail is suggestive of a cont
contagious distrisutions avaliablo in

aglous distributlon. Thare are many
the statistics |lterature and cne

could contrive mechanisms of predator-prey Interaction which would produce

2 particular distribution of food ite

ms in a fish stomach. That is an

interesting, but often misleading, exarclse; and it is equaily desirable to

fit some frequency distribution merel

¥ to achleve a parsimonious condansa-

tion of the data. One of the best-known contagious distributions Is the

negative binomial (NBD).
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Figurs I,

Map of the Nanaimo River estuary showlng sampl Ing
stations
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Table 1. List of fish species Inciuded In the data set
Herring
Chum salmon
Chinoock salmon
Coho salmon
Threespine stlckleback
Shiner parch
Prickly sculpin
Pacific staghorn sculpin
Table 2. Ranking of food Item by count, biomass and Incidence
RANK
Category Count Biomass Incldence
I. Harpacticoid copepods 2 6 |
2. Tunicate {Dikepleura) 3 5
3. Unidentified egg | | 12
4. Anlisogammarus spp. 8 ) 2
5. Calanus glacialls 5 5 10
6. Corophium spp. 10 0 3
7. Euphasia pacifica 5 9 19
8. Shrimp tarvas 6 15 9
9. Chironomid tarvae 14 7 i
10, Zoea Il 19 7
Il. Herring larvae 29 2 a
12, Untdentiflad flsh
larvae 26 3 12
3. Diptera {8 20 4
t4. Eurytemora sp. 7 15 20
I15. Cyrpis 13 26 6
I6. Exosphasroma sp. 7 15 20
7. Pssudocalanus minutus g 18 23
18. Flsh egg 27 14 16
19. Centropages abdominalls 12 21 29
20. Parathemisto paclifica 23 22 14
10
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Prickly Stag.
Herr, Chum Stickl, Chin., Shiner Coho sculp. eculp,
Harpac. Q76% (138 . 139 L02Lw L062% .01l .103
Tunicate 022« D65 L34
7 egz .016% 014w 017 ’
Anisogam. . 114 .096 096 .080 ., 100 .069 . B60 L 550
€. glac. .023 044 .023 027
Coroph. 067 .095 067 L099% 024 1.004 .533
E. pac. 032 .031 L0254 .026
Shrimp 1. .061 | .D45 L030* 027
Chir. 1. .028 .059 013 021 .012 .079 -099
Zoea 085 061> .085 .023 .016 .018
Herr. 1. .012 .017 .060 L131 .
1I.F.L. D44 .023 .073
Diptera 177 .066 .083 029
Euryt. .011 .017 .025
Cyprisa. 1086 084 .120 054 011 .059
Exoaph. 015 024% 033 323 2214
P. mioutus .015 L010% 027
Fish egg .0es 071 .068
Cent. .031 010
Parath. .0B2 .088 .035%
Ro. of 267 402 302 184 285 106 116 S0
stomachs
Table 4. Values of the parameter of the negative binomial disiribution, Asterisks

indlcate cases where departure from expected is significant at the
P <.05 level by a Chli-squared test tor goodness of flt,

where there were Insufflclent data
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The Chi-squared statistics on the hlstograms (Flg. 2) Indlcate the goodness

of flt of the dats to the NBD. Table 4 contalins maximum Y1kel Ihood estimates
(Bliss anf Fisher, 1953), of the parameter k of the NBD, The agreement of the
date with the NBD seems generally good, although not as gocd as one would |lke

for certain key combinatfons of fish and food specles (eg. harpactlcolds In
shiner perch and chlncok saimon), ;

One of the deslrable properties of the NBD is that two other welt-known fre-
quency distributions can be derived as lImiting cases of the MBD (Flsher et al.

1943).  In particutar, If the parmeter k is zera, the limlting case Ils Fisherls

legar|thmic series distribution (LSD). It can be seen from Table 4 that most
values of k are rather low, sugyesting that the LSD would more accurately rep-
resent the data. This distribuiton has been widely used to descrlibe the
distrlbution of indlviduals in species and its parameters have been shown to
behave In such a way as to suggest reasonable bliclogical Interpretations,
(Willlams, 1964}, Hopefully wa can have the same success [n thls appllcation,

Conclusions

The usual method of summarizling a set of data Is to calculate the mean ti.e.
arithmetic averagel and the variance (i.e. mean squared deviation) and thess
two statlstics can be shown to’contain as much [nformatlon as tha orlglnal
data provided certain assumptions about tha data are satisifled. In thls
case, these two statistics are woefully fnadequate. The bars on the histo-
grams Indicate the mean and 99% confidence timits. [f the sample size were
smaller, one could accept a hypothesis of zero mean, which Is clearly a mis-
representation of the data. Clearly, a better way to summarize thls kind of
data must be found. These data are not normally distributed and no reason-
atle fransformation can make them so. The sclution will probabiy lie In the
propartles of some other disi~lhutlon function.
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EVALUATION OF STANGING STOCKS OF MARINE RESOURCES IN THE EASTERN BERING SEA:
US ING A STATIC-TROPHIC NUMERICAL BULK BIOMASS MODEL BBM

vastu and F. Favorite .
Lé+%2:al Marine Flsheries Service, Northwest and Alaska fisheries Center

Seattle, WA

ABSTRACT®

ical group s dependent, besides
ng stock slze of any marlne ecologica des.
E;z:::fﬁenf on ecosystem internal consump*!oniand growfh;ia:q Ona:g.;::L::|
. Ilabie, as are shing
. Growth-rate data are generally ava , i a
;2:$2lify rate estimates. The ecosystem Internal cinsumpf;on gan b?)d?l?;n
for maintenancel and compos
d by food requirements (for growih and . n
m:nioodycf alt cgmponenfs of the marine ecosystem. ﬁ static-trophic nume:r
? al Buik Blomass Model that computes the ecosystem |nTern§| consumpl inn 18
p:ogramned and uses an iterative technigue to derive p|ausi?|$ s;a:d}??lg 0
i th and mortality data . .
ks of varlous ecological groups, using grow ?
agzgl computations indicate that the availability of food 1s the malnhfaztor
tImiting the size ot standing stocks of most ecalogleal groups sbuve her ;
Ivores: the need for further research on food coefficlents, compusition o
focd, and feeding habits is emphaslzed.

indfcate that: 1) only a small fractlon of the annual phyto-
E?::Lf;:szlzzué:?on is used directly by herbivorous zooplankten anq_pe\agif
fish (<10%), and the bulk of this productfon must go to a regeneta:}oz|;y?)%
or sink to the bottom where It (s consumed as defr!?us by benThos *: " H
2) the estimated consumption of zooplan:?on ésfconSIdgf?§L¥ehég:§; wosz e

i oduction (as ascertained from avai

STan?;ngli;?2:+?:g E;af the present quanfitative zooplanktfon data are de—b
??ETEﬂ; and/or starvation is rather common in the sea; and 3 fher?fwusr I
considerable standing stocks of squids ?nd smal | pelagic fis? (Pan l:amily
herring, Clupea harengus pallasi; capelin, Mallotus villosus; smelt,

¥ The complete paper by Laevastu and Favorite i? too lgnq for ;eﬁrg?uc;:zn in
the proceedings. Therefore only the abstract with l‘ilgure a; -|:w92+ e
presented here. The complete paper has been reprod?ged asba 0111n<-1otthe
Ataska Fisheries Center Processed Feport and is available by wr 1

authars.
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Osmeridae; ete.) In

Ively} to satisfy th
upen them,

the Baring Sea (>3,5 ton/km® and ca 8 ton/km?

» respect-
¢ food requirements for other ecologlical groy

ps grazing

PlausTbte standing stocks of various ecol

Berlng Sea are presentfed. In general, it can be postulated that the food
coefficlents of the fish (both for growth and maintenance} are fowar (l,e,,
fish Is more efficlient in food utillzation) than assumed heretofore and

that a conslderable part of the blomass of fish Ig In recruitment Juvenl les,
which have high growth coefficlants.
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Table {.

Annua
| mean consumptigns, standing stocks, and mean annua!

turnover -rales (kg/km<) | . .
with B madel) g/km¢) In Fastern Bering $ea {as cumputed

Moothly mean
Feo Anpuel M
cologicel group standing stock consunptinnl/ e:ﬂx::::iaia::%
Phytoplankton {2,000} 100,000 36,650 (0.4)
Zooplankton (b 3/
Q0
{copepoda, euphausida) J 20,000 85,630 a3
Megaloplankton
ol oplanctan 3,800 4,800 1.3
Small pelagiec figh
fo pleste 1 8,200 12,960 1.6
Large pelaglc fish
ar Slese s T60 153 (0.2}
Benthos 200,000 25,980 -
(predatory beathos) (BD,ODD}EJ (1h8,570)2/ {0.8)
Round
undfish 9,800 5,290 0.5
Flatfish
. 1,700 (1,200)8/ (0.3)
&)
thers 1 1k, 300 t
15 All exclude fishery
2/ Standi
2] S ug crop/consumption {excluding fishery)
E% Predatory benthos
Total ¢ t
2 onsumption, including consumption by predatory benthos

Cannibalism wnd consumption by roundfish, mammals {"incidental)
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A STORAGE/RETR I EVAL/PROCESSING SYSTEM FOR STOMACH ANALYSIS
AND OTHER FISH DATA

Charles A. Simenstad and Larry E. Gales
Fisheries Research Institute, University of Washington
seattla, WA

Eiaborate, ecosystem-wide environmental surveys genorate a profusion of bio-
loglcal data whlch can be handled only by computers. Such large data bases
are partlcularly comptex when they deal with the in-depTh examination of the
nteractions between components of various trophic levels and their rejation-
ship to the driving variables and nutrlant [npufs responsible for their
malntenance. Thls is certainly the case with food hablts studies where the
d¢tet of an Individual predator can be related to 1) physical and chemical
parameters In the environment, 2) temporal and spatial aspects of predation,
1) the compos|tlon of the guild or community of which the pradator is a part,
4} the composition and abundance of the avallable prey communlty, and 3} the
prey spectra of conspecifics and cohorts. In these clrcumstances the abillty
to interpret a speclies' observed diet depends upon the efficient retrieval of
data subsets from a large, divarse data base and subseguent input intfo a
processing system.

| would !lke to describe brietly a dafa manipulation system presently being
developed at Fisheries Research institute at the University of Washington,
whlch is designed o handle data from an extensive survey of nearshore
marine {ish communlties In northern Puget Sound, including muitispecies food
habits Information.

Cbjectives of the System

The data manlipulation and processing system, called S3RP, Is designed To
tacilitate:

1. Screening of the data for unacceptabla varfable values

2. Sorting of flsh data {includlng stemach contents} sccording to tomporal,
physical, or chemlcal variables assoclated with thelr coltection

3. Retrieval ot data subsets associated with a particular species, 11te
history stage, or other fish characteristic {1.e, sex, age, length,
weight, etc.)
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4. Intertacing of these data subsets with processing programs providing
statistical summarization

%, Input of the summary values into programmed plotting routines.

The S5RP system components are respectively named UPDATE, USCREEN, RIRS,
DATAPROC, and SIMELQT. The complete technical descriptlons of the SSRP
system and 1ts components wiil be available scon from FRI's Data Processing
Center., They witl, however, be described briefly here,

UPDATE (Control Data Corporation, 1975) fs a system which is used to create
and maintaln |lbraries of programs or data, UPDATE permits cne to modify a
single card image in a dala base without manipulating the whole body of in-
formation. Erronecus records detected by program USCREEM can be "wlthdrawn!
from the data base, corrected, and "re-inserteg" with minimal effort. This
facility ls invaluable in dealing with a 40,000- or 60,000- record data base--

the aitarnative being to search by hand through 20 to 30 boxes of data cards
to flnd errors!

USCREEN |5 a serles of FORTRAN programs designed to teut whether dats of a
certaln record type meet the range and vatue criterla specified for each
variabte. The testing for anomalous data Is of course dlrectly related to
the preclision of the screenlng criteria, {.e., the broader and more diverse
the expected values, the more difticult It is to detect aberrant data. There
1s » separate USCREEN program for each record type in our data base,

RIRS (Gales, 1975) is an infeormation retrleval system especlally well suited
ta retrieving small data sets from very large date bases. It is organlzed
around & serles of data blocks which are linked by a commcn set of varlables
catled sort key varlables., RIRS empicys three types of retrleval functlong--
serlal, random, and indlirect.

Serial retrleval functlons scan In turn each record in a data set In order to
extract the desired subset. Typically, sarlal functlons can cperate on any
variable In a record, but are prohibltively expenslive for data sets with

more than, say, 10,000 records. Random retrlevat functions operate on a data
base organized intc separate data blocks ang stored on a random access device-
for example, a magnetic disk. Assoclated with each data block Is a polnter,
which in turn is datermined by the values of the sort key varlabies. Random
functlons scan through the |lst of polnters only rather than all the records
in sach data block; as a result thesa functions can only uvperate on sori keys,
but they are extremely fast and are sultable for data bases In excess of
saveral hundred thousand records,

Indlrect retrieval functions are a composlte of random and serial functicns
and operate as follows. First, a rendom function Is used to antract a small
data biock, cailed a directory, from the data base. The dlrectory contalns
non-sort key variables speclfylng collection and environmental informatlon,

in addition to the sort keys. Then a serlal function whlch may operate on
any variable is applied to the directory fo obtain a subset of the dlrectory,
catled the sub-dlrectory. The subset of sort key values which occur In the
sub-directory then guides a random retrieval function whlch extracts all

data blocks from the data base whose sort keys match a portion of this subset.
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fhus, the sort keys In the dlrectory serve as po[nfers to other daf? ?IOZTS

] f;e data base. By cowbining fast random retrievals and stow ser a. r "

1:Ievals one can economical ly extract almost any small data subset from the
'

data base.

. i + tha
sslng programs which summut | zer t
APROC Thls is a package of data process _
E:llous racord types forming our data set. DATAP?OC and 3S$HttNoirﬁaI:ewp
+ightly tled to the types and form Jata we
only parts of SSRP which are Jod he tymes A e simiar
ulating }n our Puget Sound fish tnvestig ,
:r:aazthd be eas!ly adapted for DATAPROC by changing its lﬁpul for@zt.jngt
piesenf DATAPROC consists of three processing progr?mitwhileiii?;; ti;fgr—
; Ironmental condifions o WU
summarize 1) physical and env , oc N (fnfe
geck); 2) catch conposition
contained 1n the RIRS directory ; . ‘ ond 1!
m?;i?zflcs of the species' total abundance and biomass: and 3} staf!stnc;l
: mmar by prey organism and overall, of the composition, abundance; ?n
:Tomasi'of £lsh stomach contents. Appendix | provides example output for
each of these processing programs.

i 73) is a general purpoLc plotting pro-
oT tUnlversity of Washlingion, 19 "
51M:Lwh1ch produces computer plots from se¥s of Input plot directives 3n? :
223 y coordinates. in our case, SIMPLOT is directed to ?Azgééying a :a;cf ¥

ty indices computed by oA , as a fu
of catch statlstlcs and dlversl e B v Standard do-
f time. Thase statistics and Indices Include :
::g:ign a:d coafficlent of varlation of catch abundance, we|ghT, ané*number
of species. and the Simpsaon, Shannon-Weinea, HIils, and Helps diversity
indices for abundance and walight.

The overall structure and operat ion of 1he]sysT?g a:i gh2:2 :2 Z;gﬁ;zftéq
hlich aids the us C
tted arrow represents Informatlon w
ZhiadgrrorS' the dashed arrow represents Information used by the c$mp913t to
a?d In refr?evlng data; and the solld arrows represent flows of data an

computed infarmatlon.

Concluslon

The SSRP sysfem 1s an economical and flexible system for ?Iu¥igg; rirrlcving,
i large blelogical data base.
and displaying Informatlen from a )
;gmgulinﬁﬁe system components (UPDATE, RIRS, SIMPL?TJfare ¥ery ge:z:?ib?;z
ferent data formaTts an H ,
hlch can be readliy adapted for dit
:igsw;ich can sasily be interfaced with @ wide variety of special purpose
error screening and procassing programs.
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Overall structure and operatlon of the system

Flgure 1.
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DISCUSSION: SESSION 4; DATA MAN|PULATION
AND PRESENTAT ION

Responding to quasticns about the new Southern Catlfornla Coasta! Water
Rasearch Project (5CCWRP) taxanomlc keys, lack Word explained that
although the keys emphasize ths southern California groups, the SCCWRP
statf is adding northern California groups and Is including only
rellable |lterature references. He sald that the extent of the subtidal
coverage depends upon the group, €.9., Yolume 2 (Shrimp) Includes inter-
tidat to 600 feet in depth, including midwater shrimp, Three of the 25

project pecple are Involved in taxonomic studies--not a high percentage.
As to subsequent volumes, Word says he has:

an ophiuroid key (76 specles) completed,

a mlcrocrustacea {cumaceans

. ostracods, and pagurids)
key partlally completed and

’

plans for a key to the major groups of Invertebrats
organlsms.

Until recently, there has been little inter
these keys:; however

Intarast In publish

est in funding putllcation of
, since the first two keys have been circulated,

ing [s Increasing and appears feasible at this time.

Durlng a discussion of the Imp!ications of a !at of zeros In data, Greg
Callltet asked of John Sibert whethar, even though the mean of a group
of numbers Is a measure of central tendency, Isn' [+ s+ill a fact that,
If In a skewed array of data, the mean is a tot less because of 2l the
zeros? Calltiet further asked 1f 1t didn't st{ll reflect that In a lot
of guts studied there were not very many anlmals? Sibert repiied that
the medlan is simply half the dlstance in a total range and doesn'+

have any meaning, Steve Obrebskl suggested normalizIng transformations

on data of that nature but indicated that skewed dlstribution and large
numbers of zeros stil! create problems,

Bob Felter asked Sibert, "Are distributlons of a

a short period of time any different than from 4-to 5-manth puclad data?®
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large number of fish over

" ons are similar except that the effects of
Stoelt r3g1;3d1v30$§:;i2::;5 and high numbers. |f you reduce szampic
Iumpln?f sfil? ratains the general shape. If you 1oo§ed at a +hoysand
Hen all callected on the same day at the same location at :he Same
::;:: you would stitl find a posltively skewed distribution.

Obrebskl reminded the group that most disfr!buflonsio: PenfhlﬁdzTaaﬂézgs
a negatlve binomiatl is a ]
look skewad and that is one reason > e IRt b fi
ion, The usual procaedure is to n _ i t
?L;1;:g:;fgrmaflon and use the log-transformed data, keiglggle Tén:ach
t zero doesn't exlst and 1+ Is necessary ]
A +hze12§eofransformlng t+t. Stbert relnforc?d his eariier +?ou$rTT
:umzfgfing "you'd be better off to use statistics apprﬁpria1e o tha
erfIcuIar’dis?r]bu*Ion or use a non-parametric method.

the slope of the curve
s asked, "For exampie, could one use he.
JOh:h2+:$zzzency distributlent” Sibert suggested that some :wo ?aLZEeTer
o ulae could be used to describe such a curve. ?tephens then :% d;;r
ﬁi;m would a benthle population necessarily agproximate that ?arslgre
f Yuency distribution?” Obrebski rep!ied "Because the organfim s‘ 2 e
pgfghlly dlstributed and, when you saﬁgla for ?a;CR:vgiz*:;E;e gnméer i
very few organlisms and other sample ber
sampITsmhaveThe tarianca of the distribution is the sum of the dev[a+;?n:
Organfies%ean When you have high pa‘tchiness, then Tﬁat variance ;? |?0
frzmyou have é s1tuatlon where the variance is very h;gh in pgiso;a;g?lng
i int of view of commun .
.* Although this s from the poin
Iheu:T?s the sampl?ng distribution reflects the actual dls+r|3u1T0203;
ot jsms In space." If the organlsms are distributed at ran O?; ome_
Q:Ea: distrlbution, such as the Polsson disfr!butign (!n whl?: ;§U|d o
? nze to mean ratlon Is equal) s the parent distribution. J saCh
p:infed out that all these distributions a;e :imifing ;E;Tz osogn begins
it goes to larger nu '
other, so that the value of k, as e toc k. hos
+ data which flt a Polsson dlstribu .
;0 ;e:;ig for Instance, by Lloyd In an article on somethlng'ca:égg-w*o
"ﬁzan cro;ding"——whlch was in the Journal of Animal Ecology‘|n 36
deal with the problem of describing the sa+?h%nesilzir?ggi?oim?nnfhis
Inted out that the under!ying .
B nave 3leat 1o Ive binomlal. Overall, the patchy
sltuation was the negatlive bin .
E::i;éﬁzisof most samp!ing situations ls something that people should be

]
aware of because |t detracts from the procedure of estimation which fthey're

uslng.

Greg Callliet suggested that individual stomach contents are ?E+bad$guafe
;mg!ers of prey [tems. Perhaps one way to overcome 1hls'on oﬁe
:ooT guts, say in 5-gut Intervals, so fthat the chag?es? e;::aggobserved
’ I
¢lass dominate the data would be less.
:;2?“?2C:ou|d be Intrigulng to measure ovegalI*prey+dls:;Thg:I?jiei?re
i ymatogaste . !
is of an entire fish school, i.e., Cyma
lnﬁmbEZI:on, compared to individuals passing dh::u%hiihgnzag?dp;ﬁi? .
fe a at,
ity. Caliliet agreed and also sugges
i?gﬁﬁnéeypossible to. use parametric statlistics and measure central
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tendency to see If rankings ware similar.

Gary Smith noted that the problem of comparing signlficant dlfferences
tn proportions Is much more easily handled; 1.e., the naccurrences or
nonoccurrences of food items tn the stomachs ought to foliow a binomial
probabtlity distrlbution. Then one can look up the coufldence Intervals
graphlcally. Graphlc determinations can alse be ussd to determine the

sample slze requlred Fo meet proportlon !imlts when one has predeterminad
precislon objectives.

Jack Word asked John Elllson whether he showed that the two flsh des-
cribed in his study wers teadlng dlfferently. Ellison repllied that,
although hé showed that their mumbers were significantly dlfferent, he
stllt Isn't sure about the existence ot competition.  "fou say these
things (wanting to test If thare Is any competition) fn the beglnning
and then, whan you finaliy go through there, and you iook at the data,
and you look at the statlstics, and you read up on competltlon and
everything, you're afraid to make any dafinite statement, 'Yes, there
was compatition.' | did show that the tws dlets wera significantly
difterent; t found certaln food groups which were essential In the
analysis in that thay helped discrimlnate between the two dlets. "

Brock Bernstein asked Elllson if ha had any Indication of the mechanisms
of partitioning, such as feeding in dlfferent parts of the habitat.
Ellison described the different fesding morphologlas and behaviors of
the whitefish and brook trout, Including the dlfferences In mouth structure
(subterminal vs. terminal) and size of mouth and ths fishes! positlon

In the stream {on bottom in deep pools ve, in rlffles), He sald that

he also looked at differences In prey size freguencies, but that the
variance within the stomach of any one fish was so grect that, If
partitioning was based on slze of prey l+em, It certalnly didn'l show

up In his data. He pointed cut that the common!y eaten Items were not
necessarlly of the same habital, 1.e., those of terrestr|at arigln
(Hymanoptera for the brook trout) verses benlhle {insoct larvae) for

the white fish. This assumes, of course, that of the variabies you've

plugged Into the analysis, you've Included the most Important, princlpal
food itams.

Obrebskl asked E1lTson asbout evidence of temporal chanyges In the |tems
that allowed Ellison to dlscriminate between the two tishes' diets.
Elllson replied that he Intended to lock at the feeding periodicity of
the two fish to see If it corresponded with the results of Banker's
work in Convlct Creek, which suggested that fish fead alt the time but
posslbiy stop feeding Just before dawn. Ell1son sald that his sampling
over 24 hours, howaver, provided no obvious trends; feeding In both fish
was apparently at random, with both fish feeding most of the time.

Asked whather he could detect temporal changes in the rank order dls-
crimlinator with change In +time, dlet items disappsaring, etc., Eltison
commented that the drlft fauna and benthic fauna--+he foud groups that
const|tute tha principal discriminators--change rapidly in a short perlod
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lons remaln baslcally the same. e
but the overall dlet composit i
::dflzgmlne summer-winter dlfferences In whltefish dlets and found, not

surprisingly, slgnlttcant d1fferences thare.

ghrebskl noted that several papers by Roger Gr?enlln E?9tog¥°g:cuTe;ted
ica , lL.e.,
f the discriminate functlon In ecological app
:2:agieo$ +emporal changes In environmental variabies that affect the

structure of blologlcal gommunities.

ject gatherling data freom

sald that he |s now invelved in a projec i
E=|;s:grbor {Catlfornia) where they are accumulating both frequenclf;
f o rey organisms in sach food group and an estimated p?rcenfage o
?;mgch votume; the Investigators are Interested in combining bogh kinds of
i " dicalor than can be

tting a more valid in
oAb At o ic data alone. Along this line,
by Lsing enumerated or volumetric da .
ob*a;ni? biough+gup the work of Schoener and others on optrmal for?glngl
Obrefs ias because Obrebski felt that the lssue under dlscussion ?Irec y
SfT:fgg +o what fish theoretically optimize durlng feeding acf:v;1 es,
B:der this approach, the ultlimate thing Is n:T ca;or:ﬁ ga[gp:?m?zezeand
; 1t ratlo shoy e

rlc output In cbtalnlng food; tha

Iau:alze opTimim maasure would be a conversion of blomass to calorle

equivalent.

|k biomass model, Gary
ing Talvo Laevastu's discussion of a bu
gﬁ?i:rgaggtignsd the sensitivlty of the sfandlqgisfﬁck efflm:lii 1ZP?T:L\
fficients. aey
s in food abundance and growth coe
g;gie;:;c§+andlng stock Is very sensitive to the growth c?ezficl3::|22;
{wlthin annua uc .
order to fterate to a steady state
tgztﬁalg to take the growth coefficient fo the seqond declma! polnt,
Ebrebskl suggested that such a compartment m?:ez is fpr??L:ZUT?rio
Ince s very
i+ive to tha respiratlion rate and s
::Zzure +hls In the marine envlronment, the use of that fechnqui
usual by greatly underestimates the actual rata. And, asfa resﬂn];ies o
Obrebskl doubted whether we had any data on anergetlcs o Ciﬁmt jes ©
any sort that can do anything other than crea:? a+mofzél?§+y ?n ;Zosysfems
tors that might affect s .
an academic Inqulry Into fac 4 T fomes vo
se of thls "exercisa," Laevastu note
;gn:;;;2n+ declsions, we hadn't +ime to wai: for djfigginizignmgze? was
ixth decimal glace an
critlicat coeftflclent to the s that This mode ot
d providing some of these answers Now.
:h:*329+3:a:esgirafIongrafes from the current literature was scolely fo
sat |lmits on the system.

h data basze currently being
ked Simenstad |f the nearshore fls

Laev??;g 33 +the Unlversity of Washlngton's Flsherles Research In;;é;ufe
ngﬁl might be compatibie with the Northwest Flsherles Cenferh(N )

data base. Slmenstad replied that both the da+? format and T e*pr?ntg on
cessing software are quite flexlble and shouldn't pose any constra
comblnling or comparing the two.

In a general discussion about the kinds of data that should be collected,
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all agreed thal the measures of diet compositlon 1o a large extent de-
pend upon the guestion being asked. [f one is inqulring about the
setectiveness of the praedator, it Is necessary to know the size and
number of items; {f [t's the "importance'" of a prey itom, you need a
combinatton of numbers, volume and frequency of occurrence; and If it's
regarding the nufritlonal or trophlc role of & prey item, biomass
and/or caloric values are required. Calillet pointed out that many

of these parameters are all combined in the Index of Relatlve Importance
(1.R.1.).

Returning to the quesiltun of the applicablllty of the trophlc model
described by Laevastu, Stelner menticoned that there are fundamental
problems assoclated with these typas of models, that thay are dynamic
only as a thermostat on tha watl ls dynamic, A thermnstat has a flxed
rate and the energy going through Is modulated arcund that, whereas,
biomass estimates are variant temporally and spatially such that, as
Stainer noted, "Even |f your blomass estimates are rlght on the nose,
then you're stil! not dealing with dynamlc terms becausa your 'system!
Is being driven by statlc Inputs, e.q., blomass values, growth co-
efficients, etc.." Laevastu described details of how he thinks the
model compensates for temporal changes although there are some optlons
that wouvld be dlfficult and expensive to handle, |ike consldering

year classes of dominant species. As It Is now, it has taoken 30 hours
on the CDC 6300 to run just one cycle!

4Im Alten questioned the validity of always lumping prey items according
to taxenomic characters, which he saw as leading to many arrors,

Instead, ha proposed o system of grouping predators according to
morphological characters indicatlve of the prodators! food habits., Thus,
once you had the predator and the food items fdentlfied to species, you
could sort out the prey organisms with appendages which indicate active
swimmers, burrowers, crawlers, etc.. Allen went on to suggest that |f
you were to take this approach you might not nesd to identify a prey
organism to Its taxonomic limit; you would look at the prey organism's
morphology as an indication of its activity in the environment.

Cailliet ¢lted ancther example, Broocks and Dodson's classlflcatlon of
copepods into slize classes and compariscn of predator mouth size and
stze of copepods aaten. Obrebskl reccunted his experlence with the
Brooks and Dodson data, He calculated the diversity (1Indlces) of
"alewifed" and "alewlfeless" lakes to test the hypothesis that selective
predation woutd affect the plankten community by Increasing divars!ty.

At that time no one had developed aquations for calculating expecta-
tlons and varlance for the Shannon-Wlener functlon se they couldn't
detect slgniflcant differences. Obrebski found that 1f you corrected

for lake size and depth Iwhich affect diversity), lakes with alewlfas

did have higher diversities, Calln Levings told how ha used mean welights
of prey found in flounder stomachs to genasrate fraquency histograms of
numbers af organisms in speclfic weight categorles. He compared
histogram curves for what was in the guts versus what was In the environ~
ment (grab samples) and found that It coincided during several months,
Taking it further, Levings dlscovered that cutting off the upper and
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hen flsh mowved
Tndicated that the whole communlfy changes w _
:z':;di;Télzd down the common ltems (of 77 total specles, the polychaete
spocies were preferred).

ted like any selective
ested that a fish stomach could be trea
AI‘ﬁTeiEggrawl, grab, ete.--zuch that a lot of fhe same commun]fyr. ]
samT ses could be applied to these data. Caliliat polnted ?ut 1h?| this
wae ;xacfly what Hurtubia did in the Ecology (1974) paper discussion .
::Slizard food hablts., He assumed that aach Individual sIomac: waslzn »
H idual stomach would no
mole but a vary salect sample; an Indiv
: r:ngTT iaepprey Items, but when stomachs were pooled, there was a
pz:ni at which the pooled stomachs would represent the ;ofii*:sieﬁ?1zgo
In the popuiatlon as a whole and a at tim
o P e aopare oS ticns, etc Cailliet suggusted
could compare two species, two focations, .. s
:ﬁ:T this poigfs out several ways of coTpirE?g+grey]a?Tem?lig?:a1i;zm
bsence gata, which 1s what a lot o e similar 3
prese:384aesuse of préporTlons. fs we've seen, however, ?Iberf‘s Hatic
:STﬂ il lustrated that maybe the ranks by proportlons aren't so r??l stic.
c:|l|ief wont on to point out that 1 we can get around the sp??I bz
problem brought out by Sibert and generate scme rgnkT. #?En :Ta+|ve
that deal w r
compare ranks by similarlty Indlces .
:Eéﬁotﬁionsf and fhus extend our use of rank correlation techniques.

i techniques applicatle fo
then out!ined the various statistlcal . ! D
IEZGQ;ZE?TS analysis. Cailliet questioned the p$?s|b11|+Ieslof us;;goiies
les in dlfterent species ca
_cquare analysls to compare frequenc
EZiwzgn dlfferent predators, sefting up one predator as the expected.
gipert suggested maklng it an N x N contingency. Robin L?Brasseuram‘!es
ment ioned that they were using Chi-square to test repllicate ﬁump zh p”m ,
to sae If the first was the same as the last; as if +Tr:s ?ugzm?Tari$§ P
+ sald that a tot o
ample was an Independent one. Calllle
?nd?cas have been used In taxonomic studies +o compare an arra:rdo:hink
meristic characters In one species to aqofheré ??T?:?sa#:: igﬁed HEM
in tarms of beling prey calegories. a 2
?Le::ei:s a paper in Ecology by Sale (1975), who included the usei?fm .
Euclldlan dlstance (whlch 1s the sum of the proportion of & prey ff
ne predator minus the sum of the proporticnal of that Item Inlano ar
oreda+or) and derjved signiticance levels to compare prey specfes
Eom osition In reef flshes. Wendy Gabriel mentioned that Ove;_on .
(Fogesf Ecology, G5U) has developed 2 program +:E3T}:g 5;252:5'?:5;
le between the
vectors, where the cosine of the arg A TN
H k! brought up the use © ras :
correlatlon coefficlent; Obrebs s
1% format. Bob Feller suggeste g
as @ covariance statistic In a matr geste
hniques, Q-mode and R-mode,
of the ordination classification tec
ziT?ined In the basic statlstical ecology texts such.aslPoolel(L974;.be
Obrebskl noted the use of the scaled Ko1mogo:ov ?fails?:g;g:heiougﬁ e e
st slze frequency distributions but, given 2
U?ZZ +3]T? almost always show different significant ngures. Calllizt
:skeé about the use of rank correlation techniques, t.e. Spearman an
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Kendall; Simenstad recommendad that
overlap Indlices (using Shannon-Wlener),
tests ot significance, may be necessary
rank and diversity ot the prey spectra.
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a comblnation of rank correlation and

both ot which have establ|shed
to detect shitis {n prey organ|gm
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DIET OVERLAPS N COMPETING FISH POPULATIONS IN THE
NANAIMO RIVER ESTUARY

Steven Obrebski, Unlversity of the Paclfic, Pacific Marine Station
Dl llen Beach, CA

John Slbert, Department ot the Envlronment, Flsheries and Marine Service
Paciflc Blologlcal Station, Nanaimo, B.C.

An expanding ecologlcal theory concerning factors affecting the composition
and stability of natural communities exists {see May, 1974; Cody and Diamond,
1975; Goodman, 1975 for receni reviews) and a major goal ot ecclogy is to
test its valldlty. For example, when sufflicient Information on resource
utillzatlon by competing species and resource production is availabte, the
use of competition theory to predict specles abundance is feasibte (Pulliam,
1975). It ts of related practical Interest to know the degree fo which
marine flsh compete for food rescurces. For instance, the stickleback is
known o be an Important competitor for food of the sockeye salmon (Foersier,
1968). Fish food hablt studles might not only provide information for test-
Ing ecological theory but also for optimizing fisheries management procedures
1f methods for minimizing competitive food utlllzation by ofher fish and en-
hancing growth of exploited flsh populations could be developed. Could
selective removat of adult stickleback improve growth rates of young flngor-
Ilng sockeye salmon In lakes or juvenlle satmon in estuarles? With such
ideal long range research goals in mind our purpose In this paper is to out-
llne some of the preblems of measuring food rescurce overlap In co-occurring
populatlons of various fish specles In the Hanaimo River Estuary on Vancouver
|stand, B.C., In Canada.

Samples of 9 specles of flsh were collected in the Nanaimc River Estuary in
1972-1974. Generally beach seines were used in shallow interflidai areas

and purse seines in subtidal areas. Data on dlets of fish collected every

2 weeks between March and July, 1973 are avajlable. Thls informatlon forms
the basis of the present analysis. Details of sampling procedures and
Ident1ficaticon are avallable in Anonymous (1974). The data inctude 79
samples of Individual fish specles with counts and biomass measurements of
gut contents for over 100 dlet species. The tish sampled were herrling, 3-
spine stickieback, shiner perch, Paclfic sand lance, prickly sculpin, Paclfic
staghorn scuipin and Juvenile chum, chincok and coho salmon,

The sampling stations are shown in Slbert and Obrebski {these proceedings)
Four stattons {4, 13, 14, and 15) were in deeper water and were sampled with
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a purse selne.
and pole ret at fow tids.

::1:2;: ::feres%eq in measuring the amount of competition for food resource
e Juvenile salmon and the other fish specles sampled. To ssflmat:

dfet overlap we used an Index of assoclatlon due 1o Morislia {1959), The

index, C. Is
Y where xi and YI are measures

CA - ___2 Za Xiyi i’
| L « L

. th
zgel:?ngopor;;qnz of the | toad category or item is specles x and y, re-
pective i. Te ata used was the percent blomass of diet items for a;f
: Qci 1o} $sen ed by U.Ii‘nr more of total blomass in a parttcular fish
p es, he Index C varies from O when thare are no food items in common

to 1 when alt food 1tems ar
Broport rone, e common to both spacies and occur In the same

:Q;ETl:u?rzgo?;em In any comparizon of diet overlap between any two species

peoults fron ¥ j‘sgnsifsvzfy cf !rem abundance to the number of specimens

Siop yhich th et list Is obfa|ngd. In Figure | we plotted the number of

et foems 0 ::mp;es of flsh species against the number of fish upon which

e \ & based. The resuits suggest either an exponential or power
€ relationship between number of items observed and fish sample slze,
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The remainder were Intertidal and were sampled by beach seine

Laast squares tlts to the data graphed ylelded corralation coefficients of
 0.49 tor an exponential regression and 0.68 for a power curve, both coeftl-

* elents bafng highly slgniflcant (p <0.001). We chose The power curve to rep-

resent the relationship because of the higher correlation. The great amount
of scatter around the regression should also be noted. On the basis of this
snelysls we aliminated samples Involving fewer than 10 fish in comparlsons

i nt diet ovarlap to reduce the effects of small sample size In underrepresent-

Ing the number of dlet ftems. Slnce the index used is based on the number
of items In common we wanted to decrease potential varlation In coverlap due
to varlatlon in sample slze.

tajculations of Ck for flsh collected in the Manaimo River Estuary are sum-

marlzed in Table 1 from which a few single specles pair results are omittad.
inspection of the tabie shows that CA varled from 0 to 0.99, Of particular

interast is the recurrence of very high Indexes of overlap between chum
salmon and 3-spined stickleback Indlcating that at times thase 2 specles
share many of thelr food Items and take them in similar proportlons as meas-
yred by food blomass. We chose to focus on feeding relatlonships between
these 2 flsh, Calculatlons of C, tor all dates and localitles for chum
salmon and stlckleback were made irrespective of sample slze. The results
are summarized in Table 2. To test the potentlal effect of small sample
slze In reducing CA we calculated correlation cofficients between sample slze

and CA In two ways. Flrst, correlations betwsen the sum of numbers of both
gpocles of fish and CA ware computed. Then, correlations between the number

of rarer specles and C. wera made. The correlation coetficients were not sig-
nlflcant fn both cases, suggesting that sample shze is not a serious problem
In this case although it should be kept in mind that a correlation coafficient
would have to excead 0.5 to be signlficant if based on 14 palrs of compar (-
sons. Inspection of Table 2 indicates that one half of the estimates of
gverlap are 0.B0 or higher. While diet overlap between the 2 species is

often very high, temporal varlations are often conslderable also. Varlatlons

In Cl within species sampled in different Jocalities are also evident. Chum

salmon and stickleback In subfidal and intertidal statlons are compared for
tha 1-15 June 1973 sample In Jable 3. While chum and stickleback In sub-
+ldsl localltles have an Index of overlap of 0.99, within species overlaps
for the 2 specles from the dlfferent stations were 0.13 and 0.23, respect-
Ively! These conslderable excurslons In diat overtap and variations within
spocies from dlfferent local Itles suggest that rapld and extensive changes
In feeding behavlor may be taking place over short perlods of time. The
toregolng analyses emphasize the need for standardizatlon of sample slze be-
jore extensive surveys of feeding competition between natural fish popula-
tlons are made. Recurrent high values of G, strongly suggest that the

stickleback |s an Important compet|tor for food of the chum salmon, but how
ralisble Is this measure as an Indicator of competition? It might be con-
jectured that 1f food rescurces are not §Imlted, and if feedlng efflciency
1s 1n part denslty dependent, mixed specles groups mlght Increase feeding
sfficiency of both specles. For Instance, mixed populatlons of chum and
stickleback, feeding on benthic faunas, mlght Increase food availability
for both specles by Increasing disturbance of the substrate surface. Both
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TABLE 1

DIET OVERLAP BETWEEN FISH SPECIES IN HANAIMO RIVER ESTUARY, B.{, IN
MAY TO JULY, 1973

Legend: 35ST- 3-Spined Stickleback; CHIN - Chinaok i SHPE- Shiner

Perch; PAST- Pacific Staghorn Sculpin; PRSC- Prickly Sculpin; HERI-

Herring; Morisita‘s measure Cx is ysed throughout. No comparisons

are made where one of a pair of fish is represented by less than 10

specimens;  {*) - 0.01>C1>0.001; (**) - C1<0.001; N- No. specimens,

16-31 May 1973 Intertidal Statlons

Specles N _ 3asT SHPR CoHO PAST
CHUM ta 0.8 0,861 0,02 0.12
83T Ly -=-- 0,97 0,03 0,12
SHPE 26 -—-- m—— 0,04 0.13
coHo 23 .—-- ———- - 0.13
PAST 26 -—-- ——-- -

1 -15 June 1973 Intertldal Stations

|87 CHIN
CHUM 32 0.2t 0,0%
388T 7t ——— 0.25%
CHIN 92 _— o

16-30 Jure 1973 Intertidal Statlons

CHIN SHPE PRSC PAST
I55T 17 0.33 0.35 0, 0.07
CHIN 13 T 0.53 0,62 0,69
SHPE 13 = ---- 0.3 ) 0.99
PRSC 78 ——- — . 0.7
PAST 11 —— —-

1-15 July 1973 Intertidal Stations

53T SHPR PRSO
HERT 23 0,08 0.9 -
38T 17 e 0.17 0,14
SHPE 1Lk ———— ——— 0. 60
PRSC 30 ——- I o
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TABLE 1 {CONTINUED)

1-15 June 155?3 Subtidal Statlons

CHUM 88T CHIN COHO
-
HERI 43 0.99 .24 okl ;
CHUM 74 ——— 0.99 * -
- L 5 3 .
388T 13 == --- e
CHIN 12 ——-- - --
GOHO 15 ———— -—-- -

16-30 June 19773 Subtidal Statlons

CHUM 88T CHIN
HERI 100 0,07 0,12 0.18
cHUM 52 --=- 0.80 *
- *
88T 70 ———- -
CHIN 88 ——— a——- -
=-===S====-==!='==2=III======I=:===;:B===:====!==;==:====:=====1=::=
TABLE 2

Date Intertidal Localitles Subtidal Localitlien
Hunmber
be

cHrt‘l'Mm ‘,’;ST Ca CHUM 355T Ca
1-15 March 73 18 18 0,95
16-31 March 73 26 3 0.97
1-15 April 73 17 ? 0,08 -
16-30 April 73 21 5 0,23 3 2 -m
1-15 May 7) L9 12 0,95 29 2 0,
16-31 Hay 73 18 4 0.8 o0
1=15 June 73 a2 71 0.21 4 33 .80
16-30 June 73 2 17 0,00 52 70 0,
1-15 July ?? 1 17 0.0
16-31 May 74 10 1 0,82 e mmesixmmmeres
=========================::===::====:====== -----------------

TABLE 3

WITHIN SPECIES BETWEEN STATIONS OVERLAF

cHuM(1) va, CHIM(S) - 0,13 CHUM(1} ws, J8ST(I) - 0.21
339T(I) vs, I38T(S) ~ 0.23 cHUM3) vs, 35T(3) :_?:??

= = = EEET L] = EFEEEEEREL L SRR S £3 H]
BRIASESISEIISSISIAZA ==—.—.=’==Eq=Sl=’=—I.:-=-S_I_.--___= 3
=az2oRASITIT =sa= =
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spacles would then have hlgh diet overlaps but partition resources In some
other way. In Figure 2 we present ancther method tor comparing the faedin
of these 2 specles. food items for the times |lsted Tn Table 2 were arrang—
ed for each species accerding to the order of decreasing !mpartance as in- 3
dicated by thelr contribution to the percent of total blomass In the diet
Succeeding blomass percentages for these serlally arranged items were sunﬁed
wnTil the sums accumulated to 90% or more of total blomass. The successive
sums were plotted against the serially arranged’l?ems in Figure 2: The re-
sults show that In 10 of the 14 cases the chum salmon requlred fewer liems t
accumulate 90% or more of Its blomass. Thls suggests that In comparison to °

i 323341 23 23¢t2341¢223%3
[+ ]

801 * 'ﬁ"o o ./.-". ° ] /;/.

50{ 4 :

PERCENT

[XE

14
1 4

3
1723 32 612 a1 2 3456782910

Figure Z, Feedlng selectivity and speclalization In chum salmon (9) and

3-splned stickleback (©). Cumuiative percent blomass of food liems is
p!ofted agalnst food ttems arranged serlally In descending order of contriby-
tion to total food blomess. Note that It generally takes fewer food |tems

to sccumulate 90% or more of total food biomas i
1o oo ate o s in the chum salmon than in

the stlckleback, chum are speclalists, concentrating on fewer food Items to
get most of thelr food. Thus, while the measure of overlap fluctuated con-
slderably, belng high only haif the time, chum specialized more than stickle-
vack 1n 70% of the cases examlned, We have no information about the actual
locatlons of these potentially competing popuiations while they are feeding.
when diet overlap is high, it would be of interest to know if the specles
feed In different places or at different times.

The foregoing analyses Indlcate that rapld changes in diets of fish species
ean occur in short perlods of time. While chum salmon and sticklehack had
high overlaps ECki_O.BD) in half the samples analysed (Table 3), the rest of

the Time overlaps were skewed towards rather low values (cli 0.23}. ODlet

overlaps shiff radically and freguently and are skewed towards elther high or
low values. When feeding specialization 1s compared switching in the degree
of specialization also occurred although the chum appeared generally to be
more speclailzed than the stickleback.

There |s evidence for the existence of short-term functional responses to
changes In prey denslty involving switching of attacks by predators to con-
coentrate dlsproporticnataiy on the more abundant prey (Murdock, Avery, and
Smyth, 1975). Wernet and Hall (1974) showed that size selectlon of prey In
the bluegi ! sunflsh Is related to optlmal allocation of time spent on search-
Ing and handling prey. At low prey abundances different slzes were eaten as
encountered but at high densitles larger prey were selected, lvlev (1961)
summar izes data showlng that at low denslties fish electvity for food items
decreases to zero, Beukema (1968) found that an important characteristic of
stickleback prey searching behavier was its non-random movement. Tha flsh
avolded re-visiting areas recently foraged, most fish restricting their ac-
tlvltles to areas where prey were abundant. Keenleyside (1953} found that
sticklebacks guided each other to areas of high prey dencity! These studies
indlcate that complex behavloral factors have to be considered in interpret-
Ing flsh diet data. We speculate that groups of flsh species feeding In

arsas |lke Nanaimo River Estuary might not oniy partition resources In variaus
ways (Schoaner, 1974, review) but could change thelr feeding habits radically
snd rapidly over short periods of time or over short distances assoclated

with rapid changes In food density and composttion, In mixed groups of fish
diets may not only changs as a result of competitive interactions between
specles and changes In tfood avallabllity. It 1s possible that mixed species
groups might faciiitate thelir joInt feeding efficlency. For instance dense
mixed groups of flsh could make more benthic prey avallable by sufficient
disturbance of the bottom than wauld ordinar(ly be available at lower densities
of only one feeding specles. Such possibilities could be evaluated from
experImental and fleld observations of feeding of mixed groups of specles.
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A "BUG'S-EYE™ VIEW QF FISH PREDAT ION

C.0. Levings
Env | ronment Canada, Fisheries and Marlne Service
W. Yancouver, B.C.

0, Levy
Instltute of Anlma! Resocurce Ecclogy, Unlversity of British Columbla
vancouver, B.C.

Undsrstanding the dynamics of marine food webs involves an efucidation of
the fates of bliomass proguced by Invertebrates. Thorson (1966) conc luded
that #lsh predation had a minor influence on the population dynamics of ma-
rlne Invertebrates, but data gathering in many local studies emphasizes 1his
particular route (especially via juvenile salmonids) for blomass loss.
Changes (decreasas) of prey populatlons frequently coincide with the arrival
of migratory tish fe.g. Muus, 1967), providing an inference that tish are

weagntrol ling" pray communities.

An examinatlon and revlew of fhe lifte history and ecologlical features of two
species of gammarid amphipods demonstrates that an undersfandlng of second-

ary productlon requlres data on a variety of processes in addition to salmonid
predation. Especially In esfuarine habitats, suggestions that blological
intaractions are a primary factor in moditying benthic communitles are in
conf!lct with theory stating that fhese assemblages are physlcally “control led”
(Sanders, 1968). kRecent research on certain of these toplcs at the Squami sh
River estuary In British Columbla shows that tidal creeks are useful oxpet F-
mantal tanks for inm situ studles.

At the Squamlsh estuary, fhe amph |pod Anispgammarus confervicolus has eco-
logical features that enabie the species to minimize predatlon by fish,
especial ly juvenile salmonlds. The biomass distribution of the amphipod is
rolated to river flows, since portions of thls species poputation are "ex-
ported” and retalned according to prevalling currents and habitats (Levlngs,
1976). The amphipod's dlstributlon 1s also closely related to vegetation
patterns (especlally sedge, Carex lyngbyei), providing refuges for the
specles at both hlgh and low fide. Clumplng of prey (e.g. in refuges) can
reduce predatlon (Taylor, 1376). In addition, structuraily complex environ—
monts mlght decrease the foraging efficiency of salmonid predators; Ware
(1972 demostrated That trout forage tess efficlently In more complex
hatltats. Tlde poals are relat!vely uncommon Ip the estuary, sO the amphipod
is almost totally unavailable to flsh when the tlde is out.

147




Z;?;Enrsa+$;§:+?eem to "buffer" the amphlpod poputation form the effects of
seimont izcroaseo?éi LITe}hlsfory observations on A. econfervieolus show t+hat
e o g. ha can occur at seasons when Juvenile salmenids

ok Goodm;n hum 0 corp y:ahus keta) are most abundant In the estuary l; ril
pre; Joodnan ygunQFEE:é ;;T;;ﬁ Jg;?:;;e amphipads (Fig, b} are the ma?n i
?rher maJor flsh predators In tha osfua:y(TE;SLy ?iptocottfﬂ B atony The
invertebrates are rare In the estuary. o progressd. Trodatory

\—Juvenile Salmonids—i
present
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for 4. confervicolus at tha Squaml sh astuary {central sectory. Juwveniles
defined as organlsms passing through a 1.7 mm mesh screen.

149



—-»»(iuxzzr'owlssvwms Nv3n amphipods, For a given time tnterval, Instanteous mortality rate [m) can be
12 |3 |9 dissected as follows:
S / Z = - Antsogammarus confervicolus: m = Sp + Cp + Ap + L+ N, where
) 138 2z Sp = salmon predation, CP = cottid predation, AP = avian (bird) prodal lon,
EfE . i m L = {oss term due to tidal "“export” from the estuary, and N = "nalural®
§§ s 4 . mortallty (disease, senescence).
| ] F}
; IH: E ~§ Photis reinhardi: m = Fp + |p + N, where
i e T o F = flounder predation, | = Invertebrate predation, and N s as above.
HE [ [
[ =) . "
: * :§ é ‘l}—: Measurement of the loss term for the estuarine amphipod Is a major difficulty,
0 zTgx - 5= glven the vagaries of estuarine circulation.
1 E‘;a x . m:n
: E‘;,; g g E %.E Tldal creeks penetrate the marsh habitats at the Squamish estuary, and those
| - b ,{.E - LR features have been used as experimental tanks in fich feeding experimenls. A
! n’%f}s - :f beach seine was used to block the seaward end ok the creck. At high Fide,
& =g § 23 Jjuvenile chum salmon conditioned In the laboratory to a variety of prey were
H o 3‘3 ; c o e Introduced bahind the net. Through careful selection of tlmes and tldes, ex-
F aErE 4 '?§; periments lasted up to 14 hours, spanning light and dark conditions. Fish
! E'Eifﬁ D __,_..[3 °ng collected at low tide whan the creek drained, and about 20% of experimental
{ .Li"i a gl 5 H o Y fish were recovered. More tIsh could be recoversd I concrete or wooden rims
- -52° £ N 5 » 5% ] wera constructed. Praliminary results show that Juvenile chums fed mostly on
"J EE K ‘@ P 3 522 the organisms they were conditioned to. The technique could be used to
P Eopy - : s N § ® determine rates of a number of feeding processes e.q. consumptlon.
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PRELIMINARY OBSERVAT IONS ON INTERACT IONS
BETWEEN TWO BOTTOM-FEEDING RAYS AND A

COMMUN I TY OF POTENTIAL PREY IN A

SUBLITTORAL SAND HABITAT IN SOUTHERN CALIFORNIA

Glenn R, VanBlaricom
scripps Institution ot Oceanography, A-008
Lalolla, CA

The development of standard technigues for fish diet evaluation is a
vital step toward the understanding of a larger Issue, the nature of
{nteractions betwean f1shes 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 [n determining demegraphlic and
distributlonal patterns In prey communitles {for example, Brooks and
Dodson, 1965). Direct abservatlion of prey consumpt ion by fishes Is
difflcult to accomplish on a reguiar, quant itative basis. As a result,
stomach content study 1s 2 primary fool for descrlbing fish diets,
However, an Investlgator reiying excluslvely on stomach content data
assumes that the Impact of fIsh predation on 2 potenttal prey assemblage
can be fuliy characterized In terms of prey eaten by the tish, This
assumpt [on may be inappropriate for certaln systems Invoiving demersal
predatory flshes.

Durlng some three hundred SCUBA dlves on the subtldal sand plaln near
talolia, California, USA, | have observed the round stlingray Urolophus
halter! (Cooper} and the bat ray Mylicbatis californica, (Gil!} making
extens lva botfom excavatlons, apparently to expose and capture pray iftems.
Walford (1935) descrlbes thls behavier in Myliobatls and relates it to
tesdIng. The digglng behavlor involves rhythmlc fiapplng of the rostum
and pectoral flns and Is simllar in both specles. The underiying sand

[5 swirled to the front and sidas of the dlgging ray, uncovering deaply
burled Infauna and leaving a pit of characteristic shape which is visually
distinct from other cod Imentary structures in The area. In response to
these cbservatlons, | set up pretiminary sampl Ing schemes and experinents
to test the assartion that the foraglng behavlor of the two rays con-
stifutes a disturbance of sign!ficance to sbundance patterns of benthic
specles rarely or never ingested by the rays.

| thank Sue Moore, Greg Krouse and Wayne Reetz for their invaluable
asslstance In collecting the data for this study. | am alsc grateful fo
John Oliver for helpful commenis on an early draft ot the manuscript,
and o Brenda Ayers and Creg Krouse who aided in preparing this paper
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in its flnal form.
ment grant, HSF #OCEV6-053812 from the National Science Foundation.

Methods

All benthlc sampling and hehavioral observatlons wers done at the primary
study slte directly offshore from the Scripps Institution of Ocean-
ography in Lalolla. The study site is sixteen meters deep with a bottom
ot well-sorted fine sand of {ow organlc carbun content (< 0.25%), and

{s roughly mldway between the Scripps and Ladolla submarine canyons,

Rays used for stomach contenl svaluation were collected at or near the
maln study site by spearing or with bottom-anchored set lines checked

at 2-3 hour Intervals. Stomachs were removed immediately after collec-
tion and fixed In 10% formaldehyde solution for $-2 days, ther dissected
and analyzed. For each prey species, numbers of indlviduals and

percent of total stomach content volume were determined. Prey specles
importance was Tndexed by multiplyling prey frequency (percent of all

non-empty stomachs which contained the specles} by mean percent volume
ot stomach contents for the given specias,

Benthlc animat densities were determined by collecting replicate sets
(n=2 or 3} of hand-operated cares. The cylindrical C%FBFS wera of two
sizes (large: 0.018 m€ surface arsa; small: 0.008 m araa, both
penetrate {0-12 cm into sediment). Cored sodiments were scrasned (mesh
openings 0.5 mm}, fixed in I0% formaldshyde solution for -2 gays, then
stored 1n 70% isopropanci prior to sorting and counting, Coring
technigues were used to assess recovery of benthic popuiatlons [n both
natural and simulated (hotes formed by hand-fanning bottom sands untll
the dimenstons of natural holes were obtained) ray distyrbance sltes.
small corer arrays were used to determine the spatlal extent of faunal
disturbance associated with ray feeding holes for both Myllobatls (corer
array shown In Flgure {) and Urolophus. - T

Rates of ray disturbance were determined In two permanent contlguous
1 X 25 metar belt transects at the main study area. CExtant ray plis
were marked with small stakes such that on a subsequent resurvey
fusually 2-5 days later) new pits could be counted and measured,

aliowing computation of a disturbance rate, expressed as percent of total
transect area disturbed per day.

Resul ts

The fen prey categories most important in the diets of a modest sampling
of Urolophus (n=11) and Myl lobatis {n=26) are shown in Tables { and 2.
Table 3 Ilsts the ten most numérols benthic specles In large cores
collected in June-August 1976 from the maln study area. Data In Table

3 are for cores taken In "baseline" locatlons, f.e., in areas which have
not received recent disturbance from feeding rays. None of the important
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Principal Pray Items Found in Stomachs of Urolophus hallerl|

Table |.
Frequency of Mean # per Mean % Volume
;:pirfance Proy Category OzzﬂrrenZe 1) Stomach per Stomach
n
z 92.5
| Notofropis sp. 20 206.0 5
2 Blephar |poda 0 8.67 43,3
occldentalls
Randat |
100.0
3 Harenactis 0 1.0
atienuata
Torrey
Q3.0
4 Displo unc¢linata 10 25.0
(Hartman}
40.0
5 Pectnaria 20 2.5
californiensls
Hartman
6 23.3
6 Leptosynapta sp.” 30 2.0
2 25.0
7 (tied Megalurapus sp. 20 17.0
50.0
Plnnixa sp.3 10 5.0
- 10.0
9 Unidentiflable 4
polychaete paris
il ARASCAR LA LY 0.0
10 (tie) Anchlcolurus 20 6.0
occldentalis
Calman
Cancer sp. 20 4.5 10.0
{juvenlles)
Monocu | odes sp.2 10 18,0 0.0
Decapod megalops 10 2.0 20.0
larvae
Alpheus clamator 19 5.0 20.0

(1) Empty stom
Decapod crab, (4)

echlnoderm,

(N

Locklngton

tn=)) exciuded from data, (2)
A Polychaete annelid, (6}

Coelenterate,

(5)

Cumacean crustacean,

t55

(8}

Decapod shrimp

Gammarld Amphiped, (3)

Hotothurian



Table 2, Princlpal Prey ltems Found In Stomachs of Mylichatls calliornlca1

Table 3. Abundant Benthic Animals from Core Sampling of Primary Study

Area
Importance Frey Cateqgory Frequency of Mean # per Mean % Volume
Rank Occurrence % Stomach per Stomach
Mean Abundance Species Moan # per Range  Freguency %
! Loptosynapta sp. &4 5.3 59.3 Rank i Gore
2 Lol Igo opalescens 27 4.5 83.0 | Paraphoxus abronius 79.6 21-133 100
Berry Barnard
3 Ophluroldea 27 2.2 31.0 | 19.8 ip-28 100
. . 2z Telllna carpenterl .
Datl>
4 Large unliden- I8 i3 46,3
titiable bivalves 3 Acum| nodeutopus 15,1 5-27 100
heterurgpus
5 Unldentlfiable 36 - 13.9 Barnard
polychagte parts
4 Rutiderma rostrata V.8 517 100
6 Listriolobus 1a L% 35.0 Juday
pelodes
Fisher 5 Ampelisca compressa 5.8 1-22 100
Holmes<
7 lsocholes pllosus 4.5 1.0 40.0
{Holmns) % & Mysella tumida 5.5 2-10 100
{Carpenter)
8 Crangon 4.5 1.0 70.0 2
nigromaculata 7 Synchel idlum sp. 4.5 -1 100
Lockington
8 Med lomastus acutus 4.5 0-8 83
9 Unldentiflable 4.5 1.0 10.0 Hartman>
fish parts
g Mobal |a pugettens|s 4.1 1-12 100
10 Phyllospadix 23.0 - 1.4 (clark)6
torreyi
7
Watson 10 Edwardsiefla sp. 1.0 0-9 83

{1) Based on |2 large (surface area 0.018 mz) core samples for crustacea,
& large cores for other specles., (2] Gammarid amphipod, (3) Bivalve molius
t4) Ostracod crustacean, (5% FPolychaete annelld  (6) Leptostracan

crustacean, (7} Coelenterate
(1) Empty stomachs (n-4) excluded from data, (2) Cephalopod mollusce,

{3) €chiurid, (4) Pagurid decapod crab, (5} Decapod shrimp, (6}
Marlne angiosperm plant
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food species for elther ray appears In fhe list of abundant benthic
fauna. With the exceptions ot Monoculodes sp. (f = 6TE), decapnd
megatops larvae (f = 25%), and Lepfosynapta sp. (f = 163, none of the
prey species |isted had a freqguency greafer_than 10¢ tn the summer 1976
"basel Ine" cors samples, and most had frequencles of zere, Data from
core samples taken in a numbar of locations on the subtidal sand
habitat near Lalo)la suggest that the preferred pray are unlformiy rare
rather than oceurring in isolated high-density patches (such patchiness
might explaln the tmportance of the prey specles if rays were abln to
locate areas of loczlly high abundance ). Data from vertically parlitioned
cores Indicate that virtuwally ali infauna (Including most specinn

found In Tables 1 & 2) Vlve within 5 cm of the sediment surface.  1hus
I+ le doubtful that The rareness of the exploited specles Is an
artlfact of inadequate corer penetration Into the sediments.

Mast of the preferred prey species for both rays have body sizes many
t{mes larger than any ot the specles listed In Table 3. Thus the most
common benthlc specles may e5cape consumption by foraging rays as a
consequence of their small size. However, data from core samples

trom natural and simulated ray holes of varyling ages suggest, when
compared with "bagel ine" samplss, that ray dlsturbance has [mportan!
and complex ef fects on poputations of the abundant specles.

Figure 2 shows summed abundances of benthlc crustaceans in triplicate
eets of large core samples taken from natural ray holes and "hagal ine"
areas durlng summer 1976, All ray holes sampled were newly formed in
the permanent belt fransects tetween 14 and 16 July 1976, No ray
hole was sampled more than once. Data show an Initlal depression of
crustacean numbers in ray holes relative to undisturbed sediments. Ten
days later, the summed dens 14 1es had recovered, but individual spocies
abundancles In the ten-day ray hole sampies differed considerably from
npase! ine" cores, with numbers of the gammarid amphipods Synche] idium
sp., Meonoculodes sp., Uristes entalladurus Barnard and Acuminodeutopus
heteruropus Barnard exceeding normal levels and accounting for mosl of
the recovery., [n the 3l-~day samples the crustacean fauna of the ray
disturbance sites closely resembled "basel ine" abundances, both in
summed density and In numbers and ranks of component specles.

A cimllar pattern appeared in a ray dlsturbance slmulation experiment

Fun during winter 1976, On five dates repllcate pairs of cores were
taken from simulated ray feeding plfs tdug on 29 Jan.) and adjacent
undisturbed sands. Figura 3 shows +hat the Initla! depletion of summed
crustacean numbers was followed by a recovery phase In which abundances
exceeded basellna levels. Three of the four species whlch were early
colonists of natural ray holes (4. entalladurus was the exception) plus
two others {the amphipod Megaluropus 5p. and fhe cumacean Diastylope|s
tenuis Zimmer} were responsible tor fhe over-compensatlon in the simulated
disturbance pits. The excess summed crustacean fevels and the high densi-
ties of early coionizing species persisted through a second sampliny

date, 22 days atter the disturbances were made. The 33-day samptes

showed no Important differences in the crustacean fauna of disturbed and
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undjsturbad sediments.

The response of comblned polychaete densltles to simulaied ray dlsturbance,
shown In Flgure 4 was somewhat different than that of crustaceans, MNumbers
were initfally depressed by the dlsturbance event and recovered siowly,
converging with undisturbed densitles In the 22-day samples. Abundances
of component polychaete species in dIsturbed and undlsturbed sands were
simllar at the tIme the summed densltles converged.

Small core sample arrays collected from feeding holes formed by Urolophus
(pit radius 20 cm) and Myllobatis (radlus 45 em} provided svidence that
the areal extent of disturbances approximately corresponds to the
visually percelved dimensions. These palterns were conslstent for all
crustacean, blvalve and polychaete species whlch were sampted In numbers
sufficlent to determlne spatial patterns,

Nine pairs of transect surveys were made tc determine rates of ray
disturbance to the sediments by foraglng rays. Tha mean rate was 0.55%
of bottom area dlsturbed 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 slze frequency dlstribution of ray holes is blmodal,
with peaks at radil of |5 cm (probably due *to Urclophus feeding) and

30 cm (probably caused by the much larger Myl lobatis). Most of the ray
holes (89F, N=150) were [ncluded In the small radlus mode, suggesting

that Urclophus Is more important than Myljobatis as a source of benthic
community dlisturbance,

Discussion

A system described by Qrth {1975) Is simllar In many ways to the sltuatlon
t have discussed for southern Californla. Orth has described the for-
aglng activities of groups of cownose rays (Rhinoptera bonasus) which
frequent the shaliow sediments of Chasapeake Bay during summer months

and employ foraging techniques (described by Bigslow and Schroeder, 1953)
which apparentiy resemblte those | have observed Tn Urolophus halierl

and Myilobatis californfca. ODuring the summer of 1973 large groups of
R. bonasus damaged or ellminated large stands of ealgrass (Zostera
marlna}, to the considerable detriment of assoclated epifaunal ang
infaunal assemblages, while digglng for their prefarred Llvalve prey.
S5tomach content study showed that most specles reduced in abundance

wera unimportant as prey for R. bonasus,

Data trom my preliminary work in scuthern Callfornla iend support to the
notlon that feedlng activitles by two rays In a subt!ttoral sand bottom
commun| Ty provide predictable physical dlsturbances to the rays. As

a result, rigorous experimental testlng of thls hypothesls is now under-
way. Technigues Include the controfled use of large cages which protect
areas of the bottom In the maln study area from the dlsruptive effects
of foraging rays. Replicate sets of exparimental and control canes

are now In place and will be sampled In early November, 1976, These
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studles are being supported by expand
satlsfactory dietary characterization
of benthic fauna.

ad collectlons of rays for more
» @nd by extersive cors sampl Tng

It 1s app?renf that the effects of predatory flishes on the structures

of communities of potential prey populations cannot, 'n scme cases, be
adequately described by analys!s of stomach contents. A full unde;~
sTandin? of a fish's function in a prey community requires knowledge

of the impact of foraging activity on poputations which are not preferred
as ftood. Thus, the Improvement of flish diet analytical technlques mus+t

be accompanied. by expanded studies on the
nature and
fish feeding behavior. e fonsequences of

LITERATURE CITED

Bigelow, H,B., and w.C. Schroeder, 1953, Fishes of the Western Morth

Atlantic. Part ||, Sawflishes, Guitarflishes, Skates and Rays.
Sears Foundation for Marine Research,

Brooks, J.L., and $.1, Dodson, |96% Predatlon, B
, , .. son, . , Body 51 -
tion of Plankton. Science, 150: 2B-35, Y ize, end Compost

Orth, R.J., 1975, Destruction of Eelgrass, Zostera marina, by the

Cownose Ray, Rhinoptera bonasus, tn the Chesapeake Bay.
Chesapeaks Sclence, 16: 205-208.

Walford, L.A., 1935 The Sharks and Rays of Callifornia. Califorhia
Dapartment of Fish and Came, Flsh Bulletin, 45: |-66.

162

Yele University, New Haven,

PREY ORGANISMS AND PREY COMMUNITY COMPOSITION OF
JUYENTLE SALMONIDS (N HOOD CANAL, WASHINGTON

Charles A. Slmenstad
Flsherles Research (nstltute, University of Washington
seattie, WA

For the past 2 years, Investigators at Flsheries Research Institute have con-
ducted intensive sampllng of migrating juvenlle salmonids, principally chum
salmon {(Oneorhynchus keta) and pink saimon (0. gorbuscha), during thelr

early marine life In nerthern Hood Canal, Washington, These studies have
been funded from the OICC Trldent £nvlronmental Monitoring Frogram. The
objectives of these studies are to monitor the movement of juvenile salmonids
along the stretch of Hood Canal which is the site of the U.5. Navy Trident
submarine base; and to avaluate the potential Impalrment to thls migration
caused by sctivities assoclated with the constructlon of 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 faclilties.

in conjunction with +his sampling program, representatlve specimens of juve-
nlle salmonids were retained for guantltative stomach analyses In order to
document the fmportance of nearshore shallow subllttora!l and nerltlc prey
organisms in the critlcal early marine life of these fish.

In addition to the view of the Juvenile salmonids' early marine habits from
the "insice out" vila analysis of the stomach comtents, prellminary sampl ing
of epibenthic and neritic plankion communlties was also attempted in order
to relate the spectrum of prey organisms consutmed to those "avallabte” in
the nearshore environment at the time of mligration.

The purposes of this paper are briefly to describe 1) 4the techniques we find
optimum in sampiing juvenlie salmonids during thelr early marine residence,
2) an epitenthlc suctlon pump which we utilized to sampie epibenthlc nlank-
ton, 3} the prey organlsms consumed by those fish during their migration
along the northern Hood Canal shoreline, and 4) the composition of the
shallow sublittoral epibenthic and neritic plankton assemblages as samplnd
by the epibenthlc pump.
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MATER|ALS AND METHODS

Prodator Collwection

Two methods were necessary In our juvenlle salmonid collectlons--beach salin-
Ing and tow netting., Thase melbhods enabled us to capture both wchooled
early resident flsh In the 40-60-mm size range during daylight when they
migrated through the shoralline shallows, and larger flsh In 1ha 70-100-m
slze range whicrh occupy the noritic walers terther of fshuve at night.

The beach seine is The came one wvsed in the Institute's north Puget Sound
and Strait of Juan de Fuca boseline studies: 31 m (120 ft) long, equipped
with t8~m (58-ft) long, 3-wm (1-1/8-tnch} mesh wings, and a 0.6-m x 2.4-m x
2.3-m bag of B-mm {1/4-inchk; mash, The net as used in the juvenile salmonid
studles is equipped with flotation sufficient to keep the net flshing along
the surface. The nefs were set by small boat during daylight Yow slack tida,
50 m away from and parallel to the beach, and were refrleved to the beach by
hand at approximately 10 m/min. The |ines atlached to the poles at the end
of each wing were inltially hauled from posltions 40 m distant untll 20 m
of line had been retrieved; the net was then closed down o a 12-m opening
and retrieval to the beach completed. This net could sample all shore!line

habltats except those characlerized by very dense eelqrass or ketp or with
targe boulders.

Tow net collections were made with a 3-m x 6-m (10-ft x 20-f1) surface trawl,
with mesh sizes grading from 76 mn (3 inches) at the mouth to &6 mm (1/4 inch)
at the cod end. This net is towed at nlight between 2 vessels at approxi-
mately 4 km/hr for 10-minute tows along establ Ished transect lines, both

parallel to shore {approximately along the -6 m depth contour) and in zlgzag
transects across the canal,

Fish destined fer stomach contents analyses were retalned in anesthetlc and
preserved In 10% buffered Formalin with the abdominal wall slit.

Prey Organism Collection

Earliar prelIminary studises of the dlets of juvenitfe satmonlds In north Hood
Canal {(Kaczynskl, et al., 1973; Feller and Kaczynskl, 197%; Slmenstad, in
press) had indlcated the Impourtance of eplbenthic plankton, especlalty
crustaceans. Unfortunately, there {s little informatlion on the epibenthlc
plankton communities of the shallow sublltteral reglons of Pugat Sound.

They cannct be etfectively sampled with traditional sampling technlques such
as plankton net tows or with intertldal transect cores or quandrant sampling;
nor do more appropriate epibenthic samplers such as the several developed

epibenthic sledges (Holme, 1971} appear to be efflclent gears when used In
shallow waters,

After the success of anm epibenthlc pump sampler used by Feller and Kaczynskl
(1275), a suction pump utilized for sampling nearshore plankton in the

Aleutian Islands {Burgner, et al., 1969) was modified to sampte shallow sub-
littoral epibenthic piankten. The advantage of this type of sampler |s that
iha researchar can sample In almost any habltat (it does not have to be towad
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over the benthos! and suybstrate (e.g., gravel, cobble, and rock unavallable
to corers) Alsa, It can sample at any position In the water calumn (unflks
a sledge} and can provide an accurate measure of the quantlty of wilor
strained.

Fig. consisted of a sclf-priming, gasoline-powered,

;??-E;m?zf?iZ:T ian?riiagal pump which draws water and assaciated pldnkifti
through 2 25.4-cm {10-1nech) conlcatl expander Intg a 9.1-cm ftexWbIalpza, r:
hose. Cnce through the pump, the water sample passes.fhroughia seaie:f;Tgl
ister, totallzlng flowmeter Inte a double stainless steel cyl ndarzU? which
? nested conical nats were suspendad. The nets were ot 505-u and )-th~
mesh slzes wlth area/aspect ratlos of 1:2,54 and 1:5.3, respgct]y?ly. B
eplbenthic organlsms were retained Tn standard net buckets with window
screen of approprlate mesh size.

- 4 a 26-ft boat maneuvered wilthin
The pumplng system was operated from aboar
ahou$ 12 mgof the beach and anchored. SCUBA—eqqupgd divers then procecded
to survey the bottom and to place at random a 1-m diameter metal hoop

z r a representative area. The pump was started and the
ézél?oﬁ hg;ga;ngV3as paszed to the dlvers who moved to the chosenf:amp&lugd
location. Upon a signal from the boat, the divers began to movel a 9Tpan er
cone about 10 em off the surface of the benfhos within the sampllng ar;a,
tvacuuming” the epitenthic region. Four projecting bolts on the exp?n 3:
wore used to stir the very surface layer ot the benthos. Several segon‘,‘
after the dlver had initiated the suction sampling, the 2 nested neLaTTL;e
dropped lInto place within the stee! cylinder. This tag time ensur:«_l 1?.d
the water and organlsms within the pumping system ?f ?h§ starting |£§ Jd
passed through bafore the nets were In place and filtering. Cne hu; ;T
gallons was pumped through the nets before the nets wera removed i” Innk'on
dlvers slignalled to stop samp!ing. Organisms were removed from the plan
net cups and preserved in 54 butfered Formalln in labeled PUC Jars.

The sampling process was repeated for 3 replicates, the sampling hoop being
moved to a new area of similar substrate for each sampla.

In tha laboratory the epibenthic plankton samples were transfarred to.?ﬁﬂT
Isopropyl alcchot and stalned with rose bengal dye, stirred, and Tllzuntihg
cIt for at least a week so That organisms fould te completely sta ner. |
organisms wers then separated from the sadiment and detritus In the Jamzoi,
sorted 1o the lowest taxonomic level possible by examination 1hrgug? a)» -
dissecting mlcroscope, and total counts and welights (to nearest 0.01 gl wer
obtained for each taxon.

stomach Analyses

Stomach contents of the juvenile salmonlds were analyzed according T? ?.
systematlc, standardized, quantitative procedure, descr!bed in dg'1j-|1{~
Cathy Terry earliar in the course of.fhkg workshop, fhis method ?rﬁ: s
the numerical and gravimetric composition of prey organisms conta Hil in
the stomech, the degree of fullness of the stomach, and the state o
dlgesticn of [ts contents,
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Sampling Sites

During peak migration perlod (March-May), beach soine collerlion, (rom which

Juvenile zalmonids were ratalned for stomach analysis, were made opprosimately
monthly at 5 sites In the north Hood Canal area. fow net collection. were
conducted biweekly along B general transect fines (Fig. 23, Fpihenthi-

plankton samples were taken from shallow subl Tttoral areas at the beach -elne
sampling sltes and from the neritic zone at an offshore piling adjacent to
one tow net transect |ine,

RESULTS AND O1SCUSSION

Prey Organisms of Juvenile Salmonids

As Indicated earller in Slmenstad (in press) and §n the [miled [{teratuie
discussing Puget Sound juvenite chum and plnk salmon food habits (Koozynsii,
et al., 1973; Feller and Kaczynskl, 19753, in the daylight perlod of thelr
par |y marine migratlon Juvenile pinks and chums prey malnly upon eplbonthlu
crustaceans, later In the migration perilod shiffing to ingects and some
planktonlc organisms, depending upon the ncarshore habitat In which they are
feedlng. tLarger chums and pinks found fn neritic waters offshore at night
were consuming larger pelagic prey, principally gammarid amphipods, ralanaild
copepods, and flsb and macroinvartebrate larvae.

The prey spectra 1llustrated in Figure 3 are representative of the data

from the past year's collectlions and support the ear!lar informatlon, Hoth
chums and pink Jjuveniles in the 35-45-mm range concentrafted thelr teoding

upon shallow sublittoral populations of epibenthic crustaceans and fthelr
eggs--principal ly harpacticoid copepods, gammarid amphipods, MySids, Culiacsans,
and ieptostracans, and harpactlcoid and gammarid eggs. Larger prey such as
ganwmarld amphipods and mysids provided higher biomass contributions to the
diats, but smaller corganisms such as harpacticoids and thelr eggs tend to
dominate the diet numerlcally,

One major question |s the source of 1he gammarid and harpacticold egys ia
juvenlle salmonid stomachs. The source of these eggs or egg cases may be In
consuming ovigerous females and the saparatlon of eggs from the adults in
the stomach, which is probably the case with harpacticoid copepods. In many
instances, howaver, the abundance of eggs is far out of proportion to the
number of adults In the stomach, suggesting that the eggs are consumed as
separate food items, The data Indicafe that this may indeed be the case
wlth gammarld amphipod eggs. Many of these organisms may be too large or
dlfficutt for small juveniie salmonids to handle, and in attempting to do so,
the salmonlds may cause the amphipods to rejease the eggs from 1he brood
pouch. Therseupon, the predator could consume the free eqgas. Such feeding
tehavior should be tested in laboratory experliments to substantiate whelher
or not this |s an actual feeding strategy.

There was conclderable overlap in diet between juvenile chum and plnk catmon

early in thelr concurrent marine residenca, but divergence fn dlet wilh tima
and size. The plnks eventually shlfted much more to qammarid amphipod eq.s,
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Fig. 3. Representative prey camposition of juvenile

» f chum, Ongarhynchus keta, and pink salmon,
EplBENTH]C NER1T|C gorbuscha, in shallow s:.lblittoral (a}) and
PLAN TON PUMP1NG naritic (b} waters of Hood Canal, Washington,

April-Ma a6,
Figure 2. PRench selue, tow net, and epibenthiic plankton pump sampling pritmrs *

sites along Bangor apnex teglon of Hood Canat utilized for
collection of mipraring juvenile salmonids and epibenthic
ptey assemblopes .
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calanold copepods, and leptostracans as they got larger, while the chums ap-
peared to continue thelr feeding preference for harpacticolds, although
leptostracans. bad also Increased In lmportance in the chum dief.

Nighttime fow net catches Indicate that larger juvenile satmonlds occupy the |

neritic waeters off the Hood Canal shoreling, aljbough not In dense schuois
as found along the shallow subl [ttoral during the day. WNerltic-cccurring
duvenlle chums and pinks were more catholic in their diet and tended to
concentrate upon larger pelagic organisms. There still was conslderable con-
tribution by harpacticeld copepeds and gammarld amphipods but they may have
been a remnant of daytime feeding In the shallow sublittoral, depending upen
when the fish samples were obtained. Clupeid larvae were important [n the
diets of neritic chum and pink salmon in Apr1l, typlcally dominating the pray
composition by biomass. Approximately a month later, decapod and cirriped
larvae, insects, and calanoid copepods had replaced the fish larvae as the
most important prey organisms, At this time the dists of narlfic chums and
pinks had become slightly more divergent, with chums censumlng a greater
Percentage blomass of calanoid copepods and decapod larvae while pInks had
consumed more cirrlped [arvae.

Epibenthic Plankton Populatiens

Preliminary sampling of shallow sublittaral epibenthic plankton with a mod-
Itled suction pump indicates that, with some Improvements, this system may
provide a valuable source of quantitative Intormation about the composition
of prey organisms available to juvenile salmonids. As a tool for samp | Ing

neritic plankton, however, it may need further reconslderation or some
modifications In sampling desiqn,

Table | illustrates the numerical and gravimetric composition of epipelagic
plankton at 2 shatlow sublittoral sites and 1 nerftic site at Hood Canat,
March-May 1976. The abundance of crganisms Ts shown for both the 206y

and the 505-u mesh samples, and for the larger organlsms retatned by the
05-p mesh net, biomass is Tndicated where posslble,

The composition of our samples faken at the Trident base wa: similar to the
compasition found by Feller and Kaczynskl (}9JS) in their epibenthic sampting
of Dabob Bay, Hood Canal,

Tutal numbers of organisms sampled by the epibenthic pump are within reason-
able variation (< 50% of mean) over the 3 replicate samples taken at each
site, Values for the total biomass of organisms retained by the 505-y mesh
net are considerably more variable, which may be due to the lack of preclsion
of the weighing instruments when very low welghts are Involved.

Frincipal salmonid prey organisms are sffectively sampled and, In some cases,
have acceptable values of varlabillty about the sample mean abundance values.
¥alues for many organisms, however, have coefflcients of variation over 1002
of the mean. Whether this is a fault in the samp!Ing technique, or is gen-
uinely descriptive of the spatisl distribution of ¢lustered populations of
ornanisms is not clear at thls time. We intend to make further mod[ fieations
to the sampling design in order to reduce variability attributabie to the
sampling technique,
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epods, gammarld amphlpods, and their eqgs are all samglvd
:T;Eaiaécﬁiip?oihgugh w?fh a wlde range In variabllilty. As with the |qcl-(
dence of these crustacean eggs In the predater's stomach, the cccurq?rgo 3l
separate eggs and egg cases In the pump samp les poses a pfohlﬂT. ‘E an
the pumplng process 1s separating the eqgys from the ovlgerous fowales f{ y
these eggs are much more freely available In the environment than woe as.umed,

Thase pump samples also indicete that it may be feasible ta de#ecrlfhe chang-
Ing abundances of epibenthic plankters with 1!me an? season as wel1 as_
illustrate definite interhabitat differences in available epibenth clpr?f.
The pump samples can also provide intact specimens necessary tor evaluating
the llfe histories ot many of the more Important plankters,

Plankton pump samples from neritic waters are defini?ely moreileersew:E?:,r
from Ihe shaliow sublittoral, though not nmecessarily more var ?b :. .l‘}
or not [t samples many of the larger, more moblle components of + ? ne: ic
plankton avallable to juvenlie salmonids Is 1he questlon., For ins anui,:
fish larvae and some decapod larvae may n?1 be represented in fhi simplT n
proportion to thelr occcurrence In the envaronmant._or perhaps n? T: ra .
Again, this may be a functlon more of the patchy distribution o a@nn
plankton than of the sampler itself.

Juvenite Salmonid Dlats and "Avatlable™ Prey Organisms

A preliminary comparison of juvenile chum and pink salmon prey org?nisms Trth
the overal | spectrum of epibenthic and nerltic plankfon.availab!e Ior i:n
sumption (Flg 4) suggests some in+ere?flng aspects of juvenile sa w):. )
teeding behavior. In the shallow subiittoral, juvenlle salmonids pre er?n
1ia|1y'consume the smaller, less abundaqf harpacticoid copepods‘rather ;1a:m‘
the targer, more abundant gammarid amphipods. Although the InC|T$nce ﬁ1r?ar
marid eqgs suggests that the salmon may attempt to prey upo? agT gamn¢_ S
they ma}-nof be able to ingest them because.of the amphlpod 5 slie ?1|affrafa
tivity. Despite the fact that the epibenthic pump samples did no¥ :,

a great abundance of leptostracans, these smal!l crustaceans aITE:+ orTe b
large percentage of the planktfers conswned 1n the shallow subl aral.

- iuvenile salmonids consumed several organisms which eliher
:::;Tégfszilggni components of the neritic plankfon or were not ef:ecfrzfiy
sampled by the pump--e.g., clriped Iarvag, clupeid larvae and inseihs. ]
most all the important prey In fhis feeding realm are larger than 'o$$‘ n
the shallow sublitioral, which may be because of the larger sizes 3|fi1Lr
nerltic salmon and nighttime feeding behavior in |imited Light con ons.

Summary

i salmon during thelr eariy marine residence In H?od
é::§?|:Zl$hE233??pran shallow Sub?ffioral epibenthic plankton, espe?1qliy
smat| crustaceans such as harpacticelid copepods. Llarger salmon,1gri?0?L
than 50-55 mm, are prone to feed In nerltic waters upon Iarge: p 4: 'rgvtnp
Inciuging fish larvae, An eplibenthic pump sampler has been shown to p .
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plankton assemblages at

Figure 4,

twe sitas on Hood Canal, Washington, April-May, 1976,

a reasonable quantitative sample of the avallable epibenthic plankran
assemblage Tn the shallow sublittoral feedIng environs of the Juven'le
salmonlds, Neritlc plankton samples tended to be less representative
of the spectrum of prey organisms avaltable to ner{tic-feed!ng salmon.
Comparlson of salmonld Prey compasition wlth eplbenthic and nerltfc
plankten composltion suggests that smaller daytIme-taeding salmon are
preferenttally, or tunctlonally, consuming the larger organisms In
the prey spectrum. Further samplIng, and more detatled, must be
performed to elucldate some of the factors Involved In this apparent
selectivity and to evaluate better tha relative avallabllity of the
different prey organisms wlth time.
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Table L.

are per 100 gallons pumped.

Taxs compogition of epibenthiic plankton sampled by epibenthic
pump at three mites in jlood Canal, March-May 1976.

Valuem

Marginal wharf piling (neriric) 5-3-76

206-y mesh net

505-y_mesh nat

Abundance Abundance Blomass [(g)
Gammar id anphipods 0.3 £ 0.8 £.0 ¢ 3.6 Q.01 & 9.02
Garmarid amphipod eegs 10.0 + 4.4 0.7 2+ 1.2 *
Amphipod 0.7 z 0.6 *
Caprellid amphipods 0.3 + 0.6 *
Harpacticold conepods al.7? + 5.3
tarpacticold epgs 2.7 ¢ 2.5
Calancid copepods 2.0 + 5.6 4.3 + 2.9 L]
Cyclopoid copepods 1.1 2 2.1
Lepteostracans 1.3 + 1.5 1.3 & 1.5 -
Cumaceans 1.0 + 1.0 *
Iscpods 0.1 1+ 0.6 -
Ammel ids 13.3 + 1.5 0.07 & D.N2
Annelida parts 3.1 2 4.2 *
Neratodes 0.7 + 0,8 15,7 = 21,1 0.0L ¢ 0.01
Decapod larvae 0.7 +£1.2 *
Decapod zoea 4,0 » 4.4 *
Decapod megalops 1.8 ¢ 1.0 &
Decapod nauplius 8.3 & 144
Crustacea nauplius 11,3 = 12.7
Crustacea eggs 15.3 + 26.6
Cirripedia 1.7 £ 2.1 0.02 ¢ 0,03
Cirripedia larvae 1.3 1.2 0.3 £ D.6 *
Cirripedia juveniles 0.7 +£1.2 *

Cirripedia parts 8.3 + 6.8 *
Ratantia 0.2 + 0.0 0.01 & G.02
Priapulld epgs 61,0 + 105.7

Castropods 0.3 + 0.6 *
Nudibranchs 0.7 + 0.6 0.06 & 0,086
Bivalvia 1.3 ¢+ 2.3 *
Bivalvia juveniles 0.3 ¢t 0.6 *
Mlinicea lewiei juv, 4.7 £ 1.5 4.7 &+ 2.9 Ll
Argulua 0.7 £ 0.6 *
Hydrozoans 0.3 + 0.6 ful

Sample Mean

*Heglipible weiphr,

364.0 ¢ 126.4

<0.01 g.
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167.7 1 47.4

0.17 + 0.06

South Marginal {(shallow gublittorall

5=3=76

4=9-16

net
Eiomass (g)

505, wmesh

abundance

206-y mesh net
Abundance

5(05=y; mesh net
Riomass (g)

Abundance

206-; mesh net
Abundance
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Rivalivia

41

0.3 + 0.6

Bivalvia juveniles

*

Q.5 =

Polinices lewisi larvae

lewist juveniles

Ophiuroids

P.

==
L=}

+1

+1

ile

Pleuronectid juven
Pleurcnectid ergs

Hydrozoans

0.3 = 0.6

0.5 2 0.7

65 & 0.40

520.6

1083.3 =

« L¥i.l

208.0

.15 « 0.17

+ &B5.6

215.0

Sample mean

svepiinible veicht, < Q.01 g.



505=p meah net
Efowmans {g)

Abundance

4=16-T6

Abundance

206-1: mesh net

Bicmass (g}

Horth Carlson (shallow sublictarai)
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3-29-76

206-. mesh net
Abundanc e
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O Nddermdo dd:i; ;: 362 : The range of food |tems that a flsh can potentlally eat is largely determin-
i o ed by Its foraging behavior and feedling morphology. Resource partitioning
among most coexleting species of demersal fishes in southern California ap-
e oe ~ pears to be the resuit of differences In foraging behavior and feedlng morph-
et s s s 2 3 ology (Allen, 1974). A description of the foraging behavlor of many species,
: S 92 © d however, does not occur [m the 1lterature, perhaps because this behavior may
~ re : I e o o Y seam obvlious or unimportant. The objective of thls paper Is to emphasize
. 9 s. g: 3. ] the Importance of foraging behavier and feedlng morphnlegy in resource par-
¢ ° = = ® < titioning studies and to describe the types of behaviora!l and morphological
Information that might apply to these studfes. The information | have In-
o ~ cluded in this paper appears to account for the coexistence of species In
R A S e @ = ~ o - southern Callifornla flsh communitles and ts further elaborated In "A resource
Faes @ 8 ddde  da d & 4 o . partitioning mede! of southern Callfornia demersal fish communities”
woH M + L1l H OO 4 LR ] Ho4 o+ H (Aflen, manbscrlpf).
R0 T R onatn ar m n S . ~
R onoe e - R‘ After examining the species that coexlst In recurrent groups (Fager 1957,
o 1963) farmed from different sets of data and at dlfferent levels of associo-
tion (SCCWRP 19731, | belleve that dlfferences among specles In foraging tn-
4 9inma o ceeie - - ~ ool % havlor {Including vertical space and time foraged} or in morphology that al-
S NN S 3 S a A w as| B lows seiectlon of food particles with dlfferent qualities (slzes, hardness,
v nmmaa o o # nayow etc.) generally result In sufflclent food differences to allow them to co-
No9snan o snn ne -~ mel o . exist. Foraging behavior of despwater flshes, however, Is often dIfficylt
8 rKrded & Saa - < Sd| ® i to observe directiy and must otten be inferred from the morphology of the
5: flsh and from its stomach contents. ! assume that most fishes are rather
< opportunistic In thefr cholce of food particles, generally taking anything
@ v edlble that they encounter (although preferences no doubt oocur when suf-
8, ¥ o o ficlent food Is available). Species that forage in the same manner but In
¥3z 3 Eﬂ different places may eat dlfferent specles of food items because dlfferent
2 . %%- n 3 @+ 3 3 ¥ food Items may be found at each locatlon. Conversely, two specles may feud
g E%%"EE 233 el i T “ on many of the same species of food items aithough locating them in different
Z2.5ve ?u'&ﬁu w u EEE 2 EE 3 L 2 3 places (i.e. ona specles may capture prey specles while they arae in the watar
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represent the foraglng behavier of a fish relative to that of other coexlst-
ing or similar species. The morphology of an organlsm, on the other hand,
places |Imits upon 1ts behavior and therefors often determines the behavior
for which the species ic best adapted. As most specles are In some way
marphologically different from each other, the Important dlfferences are
those which aliow a given species a foraging behavior that 1s different from
that of other coaxisting specles {s1ight morphotogical ditferences among

spatlally separated species may bs 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 morpheliogy,  The most basic marphatogical differ-
ences among freguently coexisting demersal species are related to the orlen~
tatlon of the species with respect 1o the bottom while foraging for food.
Specles that very frequently occur together generally reprasent one of the
foltowing combinatlons: 1) a bottom-1iving species that forages In the waler
column and a water-column species that forages on the bottom: 2) a bottom-
living species that forages on the boitom and a water-column species that
forages in the water column; 33 3 bottom-living species that forages in the
water column and a bottom-1iving species that forages on the bottom; and

4) a water-column specles that forages in the water column and a water-
column species that forages on the bottom. In general, bottom feeders us=
ually have weil-developed 1ips and often have mouths oriented in a way 50 as
to easily feed on the bottom tvertrally assymetric jaws in bottom-fesding
tlatfish, ventroterminai mouths [n some sclaenids, sharks, and all rays, or
downward protrusible jaws in species such as combfish), Species that feed

fn the water column generatly have poor |ip development and terminal or
dorsoterminal mouths, Types of food organisms that are most useful for
estimating the orieniation of the fish with respect to the bottom are fhose
species that |ive entirely on the bottom or in the water column,

The orientation of a species with respect to the bottom i< often associated
with 1ts search-and-capture behavior. The maJor fypes of search-asnd-capture
behavior found among demersal fishes include the followling: 1} ambushing;
2) stalklng; 3) pursuing; and 4) searching. To ambueh means to lie In wait
for prey. An ambusher expends relatively !lttle enargy searchlng for pray
and relles on the prey coming near enoygh to be captured. For ihls reason,
most prey organisms are rathar active, Ta stalk means to approach a prey
organism near encugh for pursuit or ambush. A stalker has to oxpend energy
searching for prey that, once focated, Is qulite capable of escupe, elther

by fiight or refreat to cover {as in tubicolous polychaetes). To pursue
means o cvertake and capture. This behavier ig related to stalking and
generally involves a prey organism that may escape by flight. To searah
means to look for prey organisms. A searcher ofien expends much energy
lockingfor food organisms that, once located, are not lTkely to escape.
Often these organisms are hidden or Lave body structures {l.e. shells) that
may maka them Inedible to most species. In general, searchers are orjented
toward the bottom whan foraging tor food (particularly utllizing sessile

and Infaunal prey organisms), while the others are oriented toward the water-
calumn (utlfizing planktonic and nektonic prey) or-to dboth rhe water column
and the bottom {utllizing epifauna, nekton, and plankton).
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The die) time of foraglng is also Important in defefmin]ng fhe rangn{Tl ?Tﬁ
Items encountered by a flsh. Two spatially ccexlst|n? species that olfqt. n
a slmllar manner would encounter dffferent food organisms If.one spgc]n,'[rr-
ages during the day and one specles forages at night. The time of fwf 11_| f
species forages (s determined fn part by the sense Dtgan?.1haI'i: ?;U;- E“-ﬁ
cate prey and by the actlvity patterns of the prey organisms ;a }u --IrAZ:
adapted to eat. Species that forage at night lor In deeper water mdf.‘,f{i
either larger or smaller eyes {depending upon whether they locate thn;l..:u
by sight or not} than closely related diurnal (?r sﬁallo«-wafgrl ?ﬁupluj.l )
Nocturnal or deepwater specles that feed on active jtems nonvisua ﬂy m?, P:
cate them wlth lateral Ilne orygans, Species that have other well-*eve ?P,
sense organs (i.e. olfaction, touch, or fastel aften have an adva: agolfaer
visual feeders In locating prey at night and may therefore bo no?.urn? ”i
active; many of these species, however, are also capable of I?ca LEQTL?PFQ
cealed prey during the day and may be diurnally actlve, Spec esT. a e
primarily on crabs and other epibenthic crustaceans which are active ?VL. "
soft-bottoms at night (Hobson, 1968) are also generally more active at night.

Differences in the size of the area foraged.can als? aliow speclas thf.fned
on stmilar food items to coexist; wide-ranging species mayrfor?ze over ? f
larger area although less thoroughiy than s?denfarY.specles. i dTognl[z
food taken by an individual of a wide-ranglng species from theliomu ldaﬂin
of several Individuals ot a sedentary species may be rather sma E gTsuT taa
In the wide-ranging species having little impact on the food a:ait?f : 1?nm_
sedentary specles. Wide-ranging specles are often more elongadg 1!01 3
living) or fusiform than sedentary 5pec!es, or possess swimbladders tha
aliow them a greater mobillty than species without swimbladders.

4 forage In a similar manner 1o other coexlsting sprclies;
?EZ:EIEEZlesngEL?aWIV sﬂow dlfferences Tn structures that allow 1hum1tTiea1
different types of food particles. Differences In fegd]ng struuiur:?u'q .
Into two categories: 1) structures relating to the size of the par %;0 ?| R
qulfed and 2} structures relating to the type’oi particle engulfed.f n;ﬁ rs
category can be divided infto three major feediny types: 1} filTe; i”(tt?icigg
2) engulters, and 3) reducers. Filter feeders feed primarily on Oo:qp?! !
that are very small relatlve to the mouth alze of the fish (i.e. ?nr;;v ??.é
These flshes sleve the food particles ouT of the water by means o ?‘thhfu
gillrakers. Engulfers feed on food particles that approximate the s|z?lo -
the mauth. Llarge or smafl particles can be engulfed but extremely ST? f:a
ticles cannot be separated from the water and tfood particles larger flirn
mouth usually cannot be reduced to mouth-size particles. The size ?rﬁ 1;uth
particle engulfed generally Increases as the species grows because h r:;w
slze increases with the size of the fish; different species, ho:iverk &1 e
dl fferent rates of increase of mouth s[ze‘rela+|ve te body ieng t. eb:ain-
are capable of reducing a large food particle down EQ a slze ITa ca?mp.
qgulfed In the mouth., These spacies often have cutirng teeth ie. E:i#c
specles of sharks} or moveable Tooth plates (hagfish). The in?tfnrf e e
teeth of tha opateye (Girella nigricans) allow It to cut off bits of aeas

algae.

[ iali inn of the mouth and diges) e oot
¢ category Includes specializar / o
123 ;Zi??cu?ar ?005 jtems. This includes 1) generallsts and 2} speclalists
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that are adapted for crushing and grinding hard items
stderad to be generallsts within the range of ‘
ever;fTa?d lfeTs taken must be swallowed whole
as efficient at utilizing this food source as specles wi 5 J 3
:?;.Erushingr1h??a Items, Crushlng structures Ean exis?YTn I;;L]::a;e:$:p+ed
uac;-i somf species of shark), pharyngeal teath (pite perch, Danalichthye

i a) or foothed pharyngeal sacs (Stromateidsz). These spacies might f

n a simliar manner as generalists but ba able to u ; oso

Most specles are con-
Items avallable to them. How-
and thus these specles are not

To adegquately describe the sort of foraging behaviar that al laws species to
coaxlist then requlres a number of approaches including Inferences from morph
clogy and stomach analysis, whan direct observation (s not avallabla Th s
Interpretation of fish stomach contents with respect to the food habf+s o?

the tish would prebably aiso be gr
| greatly facllltated 1f 5 f
taward describing tho toraging behavior of the fish. o etfort 15 dirsctod
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se a different food resource,

THE FEEDING BIOLOGY OF THE BAT RAY, Myliobatie califormica
IN TOMALES BAY, CALIFORNIA

Stephen Kar! and Steven Obrebski
Univaersity of the Paclflc, Pacific Marlne Statlon,
Ditlon Beach, CA

The bat ray, Mylicbatia californica Gill, cccurs from Oregon to the Gulf of
California and I's comnon In Californla bays durlng the spring and summer.
MacGinitle (1935) observed that durling its feeding activitles the bat ray
can dlg channels up to 1 meter wide, 50 cm deep and 4.5 meters tong In benthic
substrates, tn tntertldal sand flats In Tomales Bay, Callfornia, circular
plts up to 1 meter in dlameter and 20 cm in depth are made by bat rays in
{ate summer. In some areas over 50% of the sand flat surface is covered with
bat ray plts. This recurrent seasonal disturbance of the substrate due to
bat ray predation on benthic communities may be Important in affecting their
structure and faunistlc composlition. 1tn preliminary studies of the effects
of predatlon on henthic communltles In Tomales Bay, we were interested in
obtaining informatlon about changes in dlets aof bat rays In relation to size.

Stomach contents from 422 bat rays were obtsined in Tomales Bay during the
annual Shark and Ray Derby on July 12-13, 1975, Data from thls sample are
reported hars. All cspecimens were caught by hook and Ilne In Tomales Bay.

The rays were brought in live and welghed to the nearest half pound wlihin

10 hours or less from the time of capture. The rays were evlscerated on
arrival and stomach contents were removed and preserved in 10 formaiine In
seawater. After 3 days the stomach contenis were transferred fnto 70%
Isopropyl alcobol. All dlet Ttems were Identified within 3 weeks ot the col=
lectlon time. The length and width (or diameter In cylindrical organisms} of
ali identifiable dlet 1tems were measured to the nearest miilImeter. The most
commonly used balt for catching rays were frozen anchovies, squld and the
echlurold, Urechia caups. V. caupe used as balt that was found in tho stomach
was easily dlfferentlated from that eaten allve by the rays. The worms used
as balt were always flat, having lost thetr patural, rotund shape, and were
atso torn or punctured and much paler in color. {#. eaupo eaten alive main-
tained thelr red or bright plnk cojoration and |ive shape and never shawed
slans of tearing or perforaticn. Surprisingly, no partlally digesied U.
saupo were ever observed, Many of the organisms found in the ray stomachs
were so disintegrated as to preclude their identificatlon or use In estimates
ot thelr contributlon by welght or volume to the total dlet. Some sprcies,
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such as the polychaeles Nemnthes bramiti ond Lumbrinereis tetraura were of ten
Indistinguishable and their counls were combined, A few squid or squid frag-
ments were present in some rays, but since squid were used as balt and could
not be differentloted Iike . eaupe, they were not counted. The clams

Tresus nuttallii and Sexidomis rutalli were ldentified either from sholl frag-
ments or from siphon bips and plates and pleces of the foo!. Live clams col-
lected in Tomales Bay were examined lo obtain diaqnostic criteria for the

soft parts, We are indebted te the Potaluma (California) Qutdaorsmen’s Club
for their genercus help in providing for the collection of this sample. Ray
Richardson helped In many ways with organization and collection of samples,
We also thank Pacific Marine Station graduate students who helped coilect
The samples,

Of the 422 rays, 289 were female and 137 were male. The woight dlstributions
of the rays are shown in Figure §, Only one male aver 20 kg was caught,
welghing 56.75 kg in comparison with the larges+ temate which welghed 63.79 kg,
Females decrease rapidly in frequency from weights of 30 kg. upwards. ’

a0 A total of 422 stemachs were examlned, of
which 149 contained 627 ldentifiable food
Items. These were in order of descending
numerical importance; polychaates (Negnthes
brandti & Lumbrinereis tetraura), 214; Urechia
caupe, 99; Saxidomus nutialli,!91; Upegebia
pugettensis, 74; Priapulus nudus, 65; Tpresus
S0 nuttalli, 34; Cancer spp. {C. gracilis and
MALES C. anthonyt), 21; Hemigrapsus nudus, 12;

Listriolobus pelodes, 3; Macoma secta, 2;
Macoma naauta, |; and Styletula elongata 1.
The third edition of Light's Manual was used
to identify the above Invertebrates {Smith
and Carlton, 1975).

NUMEBER

No significent corralations between prey slze
and ray size were found for individual spscies
or the total suite of diet items combined.
However, examinaticn of frequency distribu-
ttons of propertions of particular items in
the diet of waight groups of rays or by per-
cent of stomachs containing a particular

Item revealed distinct trends in bat ray diet
as & function of size. The resuits are sum-
marized in Figure 2, The data suggest tha
following trends in bat ray dieis. Both
Urechis caupo and Tresus nuttalli Incresse

In Importance with increasing bat ray slze,
while Prigpulus nudus and polychaetes decrease
in importance in larger rays. Polychaetes ap-
‘pear to have a maximum frequency ol occurrence
in rays of middle size, betueen 5 and 25 kg,
Other trends are not clearty apparent. While
the froquency by ttems of Upogebia pugettenaig
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Figure ¢, Welght distrfbu-
tions of bat rays clasand in
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remalns unchanged, its freguency In stomachs Increases with slze. HNo
clear trend s apparent for Sazidomus muttalli or Cancer spp. and the
fata for Listrolobus and Hemfgrapsus are Insufficlent to indlcate any
]rands. The data suggest that there might be a reletlvely abrupt change
n dlet In female rays above 30 kg in welght. Rays above thls critlcal
slze appear to speclalize In feeding on Tresus muttalli and Urechie

cawpe, two of the largest and deepest
paupos Tuo of the 12 pest burrowing crganisms |n Tomales Bay

Coqpar!sons of male and female bat ray diets for speclmens 15 kg In
weight or less were made using data on the numbers of stomachs contalnlin
different diet items. Ths data are shown In Table |. The items were )
rankad in order of decreaslng abundance and a spearman rank correlation
coefficlent was calculated. This was not significant (re = 0.29). On
the basls of this small amcunt of data we conclude 1anfailvel; +héf dlets
ot male and female bat rays below 15 kg In welght are not dlfferent.

}he :oregolng Information suggests that as Myliobatia californica |Increases

n slze, larger, deep~burrowling organisms become increasingly important

in the diet. The spec[es that become very common 1n rays greater than

gg kg ;n welght, Urechis caupo and Treseus nutiglli, are both deep-

Inr;:wT:gao;g;nlsms. U. eaupo occurs In U-shaped burrows down to | meter

1953)p wen ' nTttaZIt Is known to burrow down to 0.5 meters {Fltch,

e . can only speculate about the reasons for thls change. Perhaps
era are mechanical consequences assoclated with large size that permlt

large rays to b
crggnlsm:. urrow deeply and feed offlclently on iarger benthic

Table |, Frequancles of food items In
: ! ) stomachs of male and femal
Myliobatis califormica 15 kg or less in weight ¢

Food Specles Femaies Males
Listrelobus pelodes 0 |
Saxldomus nuttall| | 3
Priapulus nudus 7 21
Hemigrapsus nudus 5 |
Upegebla pugettensis I 6
Palychaates 25 16

Urechis caupo | 1

Tresus nuttalf! 4 1

Cancer spp. 7 0
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In his study of bat ray dlets In Tomales Bay, Ridge (1963) combined
welght classes so as fo have squal numberz of indlvliduals in gach weight
class., Thus, hls smallest size group included rays up to | kg Tn weight
and the largest group combinad rays betwcen 15 and 50 kg, Thls precludes
compar(sons of our data with his findings. However, his largest size
group did show an increase In occurrence of larger ¢lams, shrimp and
achiuroids., Moreover, Ridga jdentifiad over £6 species of benthic
organisms In ray stomachs, with 17 specles of polvchaetes ldentiflable fo
genus. fur much shorter list of dlet items Is probably due to our using
a sample taken on 2 days during the year while hils samples occurred
throughout the year. In additlon, we were obllged to use rays kept allve
up to 10 hours allowlng for digestion of many ifems before preservit fnn
while Ridge preserved stomachs immedlataly after capture.

Thers are no estimetes of the size of the feeding bay ray populations in
Tomales Bay. Of 90 rays tagged at the beginning of June, 1975 in

Tomales Bay, cone was recaptured in the tay 2 weeks later and 2 werc
captured In 5an Franclsco Bay, 40 miles south of Tomales Bay, | menth
later. These results are useless for population size estimaticn and
suggest that high migration rates would not allow effective mark-recapture
astimates of abundance. Anecdotal observations by Tomales Bay f Ishermen
indlcate that schools of rays numbering in many hundreds can sometimes

be observed In shallcw waters. Some believe That many tens af thousands
of rays mlght be present in late summer. The extensive disturbance

due to ray feeding In Intertlidal areas suggests that subtidal predation
might bs equally high. About 181 of our sample consisted of rays qreater
than 30 kg In welght, Large M. ealiforniea have been observed by divers
off Catalina Island, Californla. Ouring thelr feeding activities they
axcavate deep depresslons and attract many other fish which feed on the
organlsms thus sxposed (R. Schmitt, Department of Biology UCLAY. There-
tore, It 1s llkely that bat ray feeding In Tomales Bay might also muke
more food avallable for other specles of tish. Durlng shal low water dives
In Tomales Bay we observed that Urechia caupo Burrows were frequentiy used
hiding places for small crabs, particularly Hemigrapsus spp. This suggests
that bat rays might also [ndirectly regulate abundances of small crabs by
affecting the abungances of Urechis. These observations suggest that
experimental studies of effects of bat ray predation on benthic commun |ty
structure should Inctude studies of indirect effects on other predator

populations.
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DISCUSSION: SESSION 5: INTERPRETATION AND RESULTS

Immedlately after Steve Obrebskl's presentation, Jack Word asked about
the terrebelld worm used In his studles. Oberbskl sald that [t was
Bupclamia ereecentis and noted that the guts of the worms were always
pajatable; I+ was either the body or tfentacies that weren't palatable.
And with other terrebelids, if the body |s protected then only the
tentacles are unpalatable, and usually It fives In a hard tube and has a
very rapid escape response. Obrebskl atso mentloned that his response to
the question, "Why in the devil doesn't somethling get eaten when [t's
very abundant?" especlally |f it's exposed and actlve, Is to get some of
the erltters and the flsh, starve the flsh for 5 days, and put some of
the critters In the tank; [f they don't get eaten, then they are unpalatable.

Gary Smith sald ‘hat, in analyses of diel overlap and potentlaj compet Fton,
the key requlrement is to look at the food cupply. Thus, without a food

i mitatlon thera's no competltlon, but the abundance and availabllity of
tood items are very dlfficult fo measure. Obrebski replied, "I don'i

think that food |Imitation, per se, is the criterlon because, as you khow
from looking at lvlev's curves, the Issue 1s the maximization of feeding
efflclency. Then, if a species Is feeding with a competitor that Is
simuitanecus|y reducing the density of the organisms belng fed upon, such
that its efficiency decreases (bacause it is dependent on the dens!ty of
the food item), then you might expact to have behavloral interactions
between the specles such as one or the other increasing fts (feeding)
efflciency by chasing the other predator out.® Clilng Juvenile chum salmon
chasing out juvenlle coho salmon, he stated that "The issue is not |limita-
tton of resources but maximization of fltness, and that [s a factor
Independent of rescurce |imitation In a sense."”

Worgd asked Colln Levings whether his collections of amphipods in the
estuary's currents produced Juveniles In both the Innar and outer dalta.
Levings sald that the data so far dldn't seen to indicate any differene.

in the size of the animals distributed through the water column, Word
replied that female amphlpods don't appear to come out Inte the water calumn
as males or Juveniles do, atthough there may be transport via plant driritus.
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Asked how he dug holes Tn sediment to dupllcate those created by rays,
Glenn Van BlarTcom replled that he just used his hands In the same manner
that the rays used thalr "wings." He was alsc asked whather sw Imming
actlvity had any effect on communlty samplling areas. Van Bl!aifcum repliad
that 1t definitaly was a probiem and worth worrying about. Mo trled to
ronflne hls swimming actlvitles to certaln corrldors and onty reach out
of these in crder to minimize disturbance. John Stephens asked

Van Blaricom about the frequency of surge-related disturbance in that
habitat, 1% apparentiy is freguent during the winter, though rare in the
summar.  John £lllson asked about related sand transport and van 8!larlcom
said that they had stakes placed In the siudy area and ihese didn't

show much varlatlon; when It did occur, 1t appeared to be assoclated wlth
the occurrence of major storms,

$i Simensfad asked whether certaln areas had higher densitios of holes;
¥an Blaricom replled that there wias no indlcation of any creferrad
areas, l.e., 4 relatively rondom activity,

Obrebski asked if there was any indicaflon of how much of the recrul tment
fo the disturbancs slites was settlement or migration; Van Blaricon sald
that, although they were just generating that data, it appeared that

at least for crustaceans and polychaetes, It was vla migration.

The genoral dlscussion started with questions of Simenstad regarding
performance of the plankton pump. John Slbert wondered how much of the
pump sample came from outside the I-m sampling ring. Simenstzd said
that the dlvers who manipulated the suctlon cone had observed a few
animals being sucked from outside the sampling area and that thay were
considering golng to a cylinder In order to better isclate Ihe bottom
sampling area and prevenl latera! contamination. The larger guestion is
the percentage of the total avallabla epibenthic plankton which is
sanplad in a single 100 gal. 200 gal. 300 ga! etc, sample and whether
organisms are differentially available to tha pump. Sibert aiso asked
whether the (-m2 area sample was subsampled; Simenstad repllad that three
1710 subsamples, with repiacemsnt, ware usaed to characterize ths whole
sample although It was a dlfflcult tradeoff because you need gnough to

provide the necessary blomass astimates but, by that tiIme, you've almost
got toe many to count.

The question was raised about the comparabiilty of the pump samplas wlth
core samples. Simenstad said that they hadn't made any direct comparisons
yet, espacially slince not many investigators had resorted to a slieve

51ze 25 small as 200 p. Word recommended that they not bs too concerned
with different penstrations of the suction "tiald" In varlous substrates

because most of the organlisms of concern occur In the upper few centl-
meters anywey.

Word also asked whether or not the pump system In cperatlon made any

nolse underwater; Simenstad sald that the divers could hear tor feel) the
gasoline angine powering the pump so 1t was Impossible to say If the

pump itself was nofsy. Robin LeBrasseur commented that they can hear their
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tect any organlsm
underwater, but that they could not de .
Eé:gitﬁ; ﬁzmﬁhaf as such: Bob Feller suggested Increasing the fliltering
efficiency (to prevent clogging) by increasing the surface area of the
mash relative to the mouth opening.

John E111son guestioned the validity of Obrebski's use of the tarm (g
"preference" to imply that the flsh was, in some :?y, p:s?:n: up Onee1i]y
f 2 differen sh, you r
tor another, "when consldering dlets o
;;:2 TErIook a Iéf cigsar at the benthos of the water co:uzn;hu?erevEr
ferm . . ." He suggeste at we have
thalr food is, before you use this W g e ot
re caraful In use of "preference,” "selec ¥ "
:ﬁazen:$ure Dbrebsk] agreed that his use of the TeTT w?i ITprileni11W
: thera is simllarlty in foo PNz
data showad that In some Instances
:LZ somat imes there |s conslderable dissImilarity. He went on to clte

{ h was relative to thls
§ t11 predatlon on Daphnia whic
arngz;-o:hg :Zier addressed some theories about what I+ is that foragers
gptlmlzé l.e. what size range of tood Items s belng cptimized. Ona

tish, when presented wilh
ints made In the paper was that these \

gfnZ:e g?fferenf slze range of organisms, could almost !nsfan1ancousiy
ada f,Thelr behavior so as to opfimize thelr foraging inm fhis contex L
Thlz 11 lustrated why we shouldn't reaily Interpret anything unless we VLk
had a chance to see the flsh do somethlng to diet |tems offerad in a tan
or, optimally, in a natural sltuation.

Ellison asked |f 11 wasn't more of a questlon of avallab!llty. Qbrebskl
suggested that Tt's undoubted!y more complex than that--it Is qui:?
possible that organisms, 1f they're offered alfernaflvihlranz,hu RN
d thelr behavior
t timlze both on items and size classes an . '
ZT;;CEe gf?gcted by the presence or absence of other competing specios
through behavioral Infteractions,

dered about the use of food
the same |ine, Gary Smlth alsc won
ZLﬁggstt?on as evidénca of competltlon, optimization or parfiflon;nq
strategles of predatory species. He!Thiugﬁf that T:ag? zzznzag::coun*Prs
that, if food is abundent, it's just a resu 2
Z?a?ggd p:rficles not partitioning or selaction but rafhe; morphoI??:?s.
: jate a random ancounic
+c. Obrebskl said that, |f you postu
22337I$£'e:p|arn the abundance of a particular food or an organism, then
lven a fixed morphology and foraglng behavior, there will still be
gonsaquences as the amount of a particular item will depend upon a
varlable encounter rate, Thus he suggested that once you knouJ:heiT1an
things, only ther can you make statements about competitlon. m e
pos#uléfad that when food [tems are In very low de:siTT, then Iz przrd y
t, |f you've got a large number
s a matter of prey avaltabl!lity but, f
s, then It 1s of some
s, representing a variety of escape responses,
gzsgliaée +g a predator species to modify Its bahavior such that it
optimizes |ts predatien on certaln food ltems.

Stephens recounted his experiences cbserving Rhaeochilus vacca to

determine whether It was a grazer or select|ve feeder. Because Iil:s one
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 ltems before finally consuming one such that you ean
count bites/mInute. When he eventually looked at thelr diet, thay ware
largely taking smail moiiuscs., Oiher specles whlch approached food

with loss searching and assoclated eys movement were usual ly more
general IstTc In their dlet.

Stephens alse suggested that morphology can be decalving. He cited
the cases of tooth structures im a blenny, Mecostrnrichtleys semdi,
which has teeth fusad into glant clipping plates, a feature absolutely
foreign to that group. One would have thought that |s must cut algae
tlke a kyphosld but, surprisingty, It's a plankton feader,

Slbert returned to a prominent theme, that we had been dropping a4 let of

terms |lke "competitlon," "selection," “"availabli ity™ without deffnition.

He suggested that this toplc might be suitable for {ater workshop
meetings. Slibert did add, however, that ha wasn't sura Yeompet!tion!

has been too well defined in thae ecological literature elther, Healy
added It was elther that or overlydefined,

Terry made a strong argument that you can't look at just one dimension,
tood, but need to Include space, feedling perfodicity, and so on,
Obrebskl described hls observations of sculpins feeding on harpacticoid
copepods and clam siphons In shallow water; the fish sat In cne place
and would suddenty dart forward and grab something. Crabs apparently
de the same thing; they sit in one place and walt for a clam s{phon

To appear to start pumping and then the crab takes a swipe for It.

These obsarvations, Obrebski noted, made one fesl that you know a whole
lot more about what's going on!

Sam Bledsoe asked Stephens how he was going about putting together a
Yarge-scale picture of trophlc ralatlonships, Including accounting for
the high degree of variability, etc. Stephans Indicated that he
expacted every kind of problem Imaginablae. They will derive approxlIma-
tlons at each level, e.g. caloric/biomass estimates by visual cbserva-
tions of Indicator species and extrapolate from these. Bledsoca refurned
to the problem of large-scale ysar - year, month - month variability in
biomass and abundance mentioned by Stephens and suggested that elther
the spatial scale Is too small to say anything about the particuiar
population or that they have to extend over a much longer tlme scale In
order to achleve some repetition. Stephens describad how most of the
cycles they've seen of huge fncreases In abundances have been oceurring
all over the Southern Calitornia Bight and they are catchling local
representations of what has been occurring. He clted examples of calico
rockfish, Garlbaldl, and btack croaker, ai! of which had recently gone
through huge population explestons. Stephens suggested that 7 YEars was
way too short a time to get a handle on what was happening. Ha said that

one of the biggest problems Is the lack of 11fe hlstory tables, and no
estimates of sources of mortality and predation.

190

PART ICIPANTS

Allen, Merriil James
Southern Callfornla Coastal
Water Research Project
1500 East Imperlat Highway
El Segundo, CA 90245

(213) 322-3080

Ambler, Julle

Room 230, Buitding !
Schoe! of Oceanography
Oregon State Universify
Corvallis, OR 9733l
(503} 754-2904

Bernstein, Brock

Seripps Institute of Coeanography
Universlty of California at

San Diego, A-008

$.1.0, U.C.S.I.

La Jofla, CA 92093

(214) 452-2077

fledsoe, Lewls J.

Universlty of Washington
NORF 15H

3737 - 15th Avenue N.E. #204
Seattle, WA 98105

{206} 943-2016

Brock, Donna R.
internattonal Pacific Salmon
Fizsherles

Cultus Lake, B,C. VOX IHO
(604) #58-4612

Brown, Tom

Fisharles and Marine Service
Biological Station

Nanaimo, B.C.

{604) 758-5202

Callliet, Gregor M.
Moss Landlng Marine Lab.
P.O. Box 223

Moss Landing, CA 95039
{408} 633-3304

Congleton, Jim

Washington Coop Fishary Reaear b theld

College of Flsherles
University of Washington
Seattle, WA 98195

(206) 543-6475

Purkin, Joseph T.

Maticnal Marline Fisheries Service
F.0. Box 155

Hammond, OR 9712}

Ellison, John
Oepartment of Biology
Cceidental College
Y600 Campus Road

Los Angetes, CA 90041
(213} 259-2673

Feller, Bob

Department of Dceanography
University of Washington
Seattle, WA 98195

Gabriel, Wendy

Scheo! of Oceanography
Oregon State Unlfversity
Corvallis, OR 97331

GJernes, Terrence W.
international Pacitlc Salmon
Fisherles Commission

Cultus Lake, B.C. VOx |10
(604) 858-4612

Graham, Bud

Environment Canada

Fishertes and Marine Service
Giological Station

1090 West Pender 5treet
Vancouver, B.C. V6E ZF)
(604) 666-6243

Hillaby, Bruce

Environment Canada
Fisharies and Marine Servico
Biologlcal Station

1090 West Pender Street
Vancouver, B.C. V6E 2FI
{604) 666-6243

191



Healay, Mikse

Fisherles and Marine Service
Biolegical Statlon

Manaimo, B.C.

(6041 758=5202

Hostou, Howard

Department of Flsh and WllidlIfe
Oregon State Unlversity
Corvallis, OR 9733i

Jaenlcke, Herbart.

National Marine Fisharles Service
Bictogical Lab.

P.0. Box 155

Auke Bay, AK 99821

(9G7) 789=-7123)

dohnson, John A.

Oregon Degartment of Fish
and Wildljfe

P.0. Box 529

Tillamook, OR 9714

(503) 842-2223

Jones, Howard

Schoot of Oceanography
Oregon State Unlversity
Corvallls, QR 9733

Kask, Mrs. Beverley
Flsheries and Marlne Service
Binloglcal Staticn

Nanalmo, 8.C,

(604) 758-5202

Lagvastu, Talvo

National Marina Flsherfes Service
2725 Meontlake Boulevard East
Seattle, WA 98132

Le Brasseur, Robin

Flsherles and Marine Service
Biotogical Statlon

Nanaimo, B.C.

1604) 756-5202

Lavings, Celln

Environment Canada

Flsheries and Marine Service
Blocloglcal Station

4160 Marine Drive

West Vancouver, B.C. 7TV ING
(604) 926-6747

Lavy, Dave
Institute of Anima! Resource Ecology

Unlverslty of British Columbla
Vancouvar, B.C.

L1povsky, Sandy

Matlonal Marlne Flsheries Service
P.0, Box 155

Hammond, OR 97121

McCarter, Donna

Clatsop Community College
16th and Jerome

Astorlia, CR 97103

McCrone, Lawrence E.

Department of Oceanography WE-i10
University of Washlngton
Seattle, WA 98195

(206) 543-9387

Miller, Bruce

College of Fisherijes
Universlty of Washington
Seattle, WA 98135

{206) 543-2135

MIlier, Robert
Paclflc Blelegical Statlon
Manaimo, B.C.

Morlarlty, Dan

Fisharles Research Instltute
Unlversity of Washington
Seattle, WA 98195

(206) 543-7878

Muehlberg, Gary

Clatsop Communlity College
{6th and Jerome

Astorla, OR 97103

182

Obrebskl, Steven
Untversity of the Paclflc
Pacific Marine Station

Dl lon Beach, ChA 94929

Paulson, Alan

Institute of Marine Scliences
Universlty of Alaska
Falrbanks, AK 99701

(907} 479-7671

Phillips, Anton

Fisheries and Marine Sarvice
Blologlcal Station

Hanaimg, B.C.

{6041 758-5202

Pruter, Alonzo T.

Deputy Director

Northwest Fisherles Center
9725 Mantlake Boulavard East
seattls, WA 98112

Rogers, Brenda J.

Fisherles Research instltute
University of Washingten
Seattle, WA 98195

(206) 543-7338

Sibart, John

Filsherles and Marine Servlice
Biologlcal Statlon

Nanaimo, B.C.

(604) 758-5202

simenstad, Charles

Fisheries Resoarch Instifute
Unlverslty of Washington
seattie, WA 98195

(206) 543-4650

Smith, Gary

Natlonal Marlne Flsherles Service
2725 Mont | ake Boulevard East
Seattle, WA 98112

Smlth, James E.

Collage of Flsherles WH-10
Unlvers|ty of Washlngton
Seattle, WA 98155

(206) 543-8536

S5telner, Richard G.
Department of Fisherles
and ¥Wildlife

Oregon State University
Box 352

Depoe Bay, OR 9734}

Stephens, John
Department of Biology
Occldental College
1600 Campus Read

los Angeles, CA 5004
{213y 259-267%

Terpening, David A,
Montagne and Assoclates
2111 Front Street N.E. #101
Salem, OR G7303

Terry, Catherine
Cullege of Fisherles
University of Washlngton
Seattle, WA 98195

(206) 543-7041

Thornburgh, Kathy

Univers|ty of Washington - HORFISH
3737 - |5fh Avenue N.E. #2041
Seattle, WA 98105

(206) 543-5487

Thygeson, Bent

Portland Community College
12000 - 5.W, 48fh
Portland, OR 97219

van Blaricom, Glenn R.

Scripps Institute of Oceanogiaphy
University of Californla at

San Diego, A-008

S.1.0. U.C.S.0.

La lotla, CA 92093

(714 452-2077

Word, Jack Q.

southern Californla Coastal Water
Research Project

1500 East Imperfal Highway

£1 Sequndo, CA 90245

{213) 322-3080

193






