
Mlchael Barton, Divsion oi Sc ence and llathemat cs
Centre Co lege, Danvil e Kentucky 40422

Influence of Substratum on the Comparative Food Habits of Two
Species of Estuarine Stichaeoid Fishes, Anoplarchus purpurcscens
(Family Stichaeidae) and Pholis ornata (Family Pholididae)

Abstract
Food habirs of r{o species of co-existing .oribeast Pacific estuarine stichaeoid fisb es, lnapla rchus purpurescens and Photis
onrata, were srudied by anallsis of gut contents of specimens collected over tNo lypes of substrata, nuddy and rocly. l. pzr
purcscens led on a geater range of invertebrates and also consuned a subslantial quantity of algae sith nacrophyres reported
in over ?6 percenr of indiriduals of rhis species. P orn@r@ fed upon fewer kinds of prey items, consuming chiefly amphipods
over rock substrata and siphon rips ofbivalves over nuddy substrata. Cropping ofexposed parls of macroinve rteb rates appears
to be an impo.ta.t feeding srrat€gf for both specie!. Differences in diet between lhe l{o species and the capacity to shift food
preferences based on substrale-r€lated pfey availability may seNe to accomnodate the coexislen.e ofthese two morphologically
and ecologicall) similar species.

lntroduction
Intertidal f ishes of North Pacific shores may ex-
hibit specific substratum preferences and the
range of microhabitats and associated feeding op-
portunities that are available may be significant
in structuring the intertidal ichthyofaunal com-
munity. In his comprehensive reviews of inter-
tidal f ish biology, Gibson (1969, 1982) concluded
that rocky shores with highly irregular topog-
raphy provide the grealest amount of cover and
hence display the greatest diversity of species.
Studies by Nakamura (1976) have revealed dif-
fe r ing  subs l ra lum pre feren , "es  in  s lmpat r i c
species of sculpins of the family Cottidae.
Marliave (1977) demonstrated that settl ing lar-
vae of several species of North Pacific intertidal
fishes exhibit specific substratum preferences
usually selecting substrata that are representative
of adult microhabitats.

Stichaeoid fishes of the families Stichaeidae
and Pho l id idae ar "  e 'pec ia l l l  i n t r igu ing  o l ' ing
to theii amphibious nature. Stichaeoids have
been shown to occur in greater frequency over
substrata that are periodically exposed during
low tide (Yoshiyama l98l). Two species of am-
phibious stichaeoids, Anoplarchus purpurescens
and PhoLis ornata, btoadly overlap in distribu-
tion and microhabitat preferences in Yaquina
Bay, a small Oregon estuary with both muddy
and rock susbstrata (Barton l992a). A. pur-
purescens has been found in rocky and muddy
substrata in both open coastal waters and shel-
tered embayments (Schultz and Delacy 1932;

Yoshiyarna t98l; Barton 1982a,b). Fishes of the
family Pholididae are associated wirh rocky
microhabitats (Quasim 1957, Sawyer 1967) but
also demonstrate a pronounced affinity for
vege la l ion  (Burgess  1978) .  P .  o rna la  cons l i lu les
a significant component of the intertidal ichthyo-
fauna associated with eelgrass in Yaquina Bay
(Bayer l98l).

The question of competitive interaction based
on available food resources is a difficult one to
assess. In North Pacific inteitidal ichthyofaunal
communities, possible competit ion for food,
measured as dietary overlap, has been implicated
in tidepool cottids (Yoshiyama l9B0). An absence
of resource partit ioning among cottids rnay also
reflect an ample abundance of food in the inter-
tidal zone such that competit ive inleractions do
not exist in sympatric species (Nakamura l97l).
Studies of the comparative food habits of several
species of stichaeoids suggest mechanisms of
resource  a l loca t ion  among s lmpat r i c  cpe ' " ies
(Barton l982b). Differential allocation of food
resources may facil i tate the observed overlap in
substratum and microhabitat preferences ex-
hibiled b) A. purpurescens and P- ornata in
Yaquina Bay. Although these two species are fre-
quently found co-existing beneath the same rock
or clump of vegetation at low tide, they may
possess decidedly different food preferences and
foraging strategies which may vary over different
substrata at high tide. The purpose of this study
was to compare the food habits of these two
species so that an evaluation of the influence
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of inhabited substratum and its impact on com'
petitive interactions might be possible.

Materials and Methods

Fishes were collected for analysis of stomach con-

tents from three sites within Yaquina Bay
(44'3?'N; 124o02'W), a small  t idal estuary on the

central Oregon coast. The estuary consists of a

narrow channel bordered with rnudflats and cob-

ble beaches. Fishes were col lected at each of

three stat ions within the Bay (Figure l)  and the

nature of the substratum (rocky or muddy)

recorded for each col lect ion. While both bottom

types could be observed at each stat ion, stat ions

I and 3 consisted predominantly of a hard
mudstone substratum with patches of loose cob-

ble rvhi le stat ion 2 was chief ly broad mudflats

with a seasonal cover of eelgrass (Zostera) or sea
lettuce (Uba) and patches of loose cobble scat-
tercd throughout.

Al l  f ishes were col lected during mid-morning
low t ides in the spring and summer 1976-1977.
Fishes were captured beneath loose boulders and
in vegetation with the eid of aquarium dipnets
and were immediately preserved in a buffered
solut ion of l0 percent formalin in seawater.
Preservation of gut contents was faci l i tated in
larger ()60 mm) individuals by inject ion of the
formalin solut ion into the gut cavity. Digestive
tracts were later removed and contents identified
to the lowest possible taxon. Foor overlap was
measured as the percentage of similari ty (PS)
(Whirtaker 1967, McEachran et al. 1976\. 

"Ihis

value was calculated from the number of in-
dividual food i tems consti tut ing the diet of each

mudf lot
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Figure 1.  Map of  Yaquina Bay,  Oregon, showing col lect ion s i tes.
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species and each substratum type. Values less
than 50 percent were judged to be significant
(McEachern et al. 1976).

Results
A total of 5ll stomachs, representing both
species over both types of substrata, was exam-
ined. 0f the two species, A. purpurescens appears
to select from a broader range of food items
(Table l, Figure 2). Among the most noteworthy
differences in the diets of the two species is the
substantial quantity of macroalgae found in the
stomachs of L purpurescens. Nemerteans and
polychaetes also appear in greater numbers in
this species, especially over rocky substrata
(Table 2, Figure 2). P. o/ndro exhibited a greater
specificity in diet and substratum appears to have
an impact upon food preferences in this species.
Amphipods constitute the chief food source for
P. ornata oyer rocky surfaces but this species
shifts to a bivalve siphon nipping strategy lrhen

lbraging over muddy surfaces (Figure 2). Crop-
ping of exposed parts of benthic infauna appears
to be an important strategy employed by both
species. Barnacle cirri, heads and tentacle crowns
of polychaetes, and the aforernentioned siphons
were observed in the stomachs ol both A. pur-
purescens alad P, ornata. Only an incidental con-
sumption of algae was observed in P. ornata,
however.

Calculations of PS values were based on the
five most frequently recovered animal food items
which constituted the bulk of the stomach con-
tent (Table 2). The PS vai.ue lot A. purpurescens
in rocky vs. muddy substratum was 6l.B percent;
fot P. ornata in rccky vs. muddy substratum, 41.5
percent. 0verall PS value lor A. purpurescens ys.
P. ornata was 75,1 percent. Although constituting
a substantial quantity of the stomach volume in
A. purpurescens, algae was not included because
of the impossibil i ty of enumerating individual
organisms. Both species emphasize lhe '"onsump-
tion of small crustacea, mainly amphipods. The

TA B L E L Food preferen ces of Anop ldr. h^ purpu.escens and Pholi orwra me asured as total nu nbe r an d p ercenr occurrence
of individuah lrom different subslrata with specified food ilems ;n sto.nach conrenls.

Anoplarchus purpurescens Pholis ornata

percent occurrence percent occurrence

Algae

Bivalva Giphons)

Cirripedia

Copepoda

Amphipoda

Isopoda

Decapoda

l\-umber wilh

84
5

10
40
l 3
0
I

I

0

I

38

6

9

7

8

4

l l 4

mud.dy

88

3
23
2 l

I

0
5
2

4
82
1 7
t 3
4
2

t6

1 3 1

76.4
4.5

36.4
36.4
t l . 8
0
.9

8.2

.9
34.5
5.5
8 .1
6.4
?.3

76.5
2.6
2.6

20.0" l
,1.3

1 .7

3.5
? l . 3
14.8
1 t . 3
3.5
t . ?

1
0
I
4
I
0

t2
I
2
5

13
l 5
I
0
3

t2

106

t3
I
4

1 3
109

0
I

t 7
0
0

34

4 l

0
0

t3

160

7.4
0
l t
4.3
L t
0
0

t2.a
1 .1
1.4
5.3

77.7
t6_0
8.5
0
3.2

8.8
.7

2.7
8.8

74.2
0
0
.7

11 .6
0
0

23.r

27.9

o
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significance of substratum type is apparent in P
ornata .wirh a low PS value of 41.5 percent
calculated from a comparison of the animal com-
ponents of diets from individuals collected over
rocky versus muddy surfaces.

Discussion
The extent to which coexist ing species al locate

resou.ces or, in absence of such al location, have

resource-impacted ranges of distr ibution is dif '

f icult  to assess. Gibson (1969, l9B2) has sum'

ma zed some of the strategies that alleviate com-

petition for available food resources among sym-

patr ic intert idal f ish species. Substratum related

types of foraging patterns may faci l i tate coex-

s r p h o n s
0 e c 0  p o 0 s

t l
L-t
r.i]:.t

P .  o r n o l o

Figure 2. Percent occurrences oi the nosl freqLrently observed food items in the guts of,'1. purpzrescens

over rocky vs. nuddy subslrala.

istence in estuaries by emphasizing different
components of overlapping diets. This may be
interpreted as a response to changes in feeding
opportunities in the inlertidal zone of estuaries.
The high dietary overlap reported for A- pur'
purescens and P. ornata in this study is largely
a consequence of a heary dependence upon small
amphipods by both species. This value also does
not reflect the significance of herbivory in the
foraging strategy of A, purpurescens. An ar.alysis
o f  d ie ta ry  over lap  tha t  re l ies  upon enumera l ion
of  ind i r idua l  p rey  i tems in  th "  gu t  con ten ls  i s
not without its l imitations. Numerical methods
may over-emphasize small prey items taken in
large numbers (for example, amphipods) yet such
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TABLE 2. Number of individual aninal food
stonachs of,,1. purpurestens r.nd P.
habiring different subsrrala.

wards 1982; Horn l9B3). In related studies,
Barton (1982b) demonstrated food resource par-
tit ioning in central California intertidal
stichaeoid communities that included l. pur-
parescezs, and Hughes (1983) has shown a reduc-
tion in the dietary overlap in two species of
Plrolis, including P, ornata, that coexist in a
shallow inlet of Puget Sound.

Since both species are basically predators
upon the epifaunal and infaunal components of
benthic communities, substratum-related varia-
tion in foraging strategies might be expected.
This was most apparent with P, ornata thal
switched from a chiefly amphipod diet in rocky
areas to one consisting mainly of bivalve siphon
tips in muddy areas. Hughes (1983) also reported
siphon nipping in P ornolo in Puget Sound and
suggested that this species possesses dentit ion
that facilitates this mode of feeding. Peterson and

Quammen ( laB2)  hare  ob .er r "d  " iphon n ipp ing
to be an important component in the diet of three
inshore fish species and have demonstrated
significant decreases in growth rates of bivalve
populations exposed to siphon cropping by small
f ishes. The dependence upon siphons by P. or
rratd reflects its preference for muddy, protected
embayments whereas the greatest diversity in
stichaeoid communities is seen in rocky shores
in more exposed locales (Hart l9?3, Miller and
Lea 1972, Yoshiyama l98l).

The relationship bet een substratum and
feeding strateg] has been documented in a
number of benthic fish species including skates
(McEachran et al. 1976) and flatfishes (Pearcy
and Hancock  l97B) .  The present  s tudy
demonstrates that the coexistence ol lnoplarchus
purpurescens and Pi.olis ornata may be
facil itated by differences in feeding preferences
with A. purpurescenr consumillg a gteater variety
of food items, including substantial quantit ies of
algae, while P. ornata, with a more restricted
dietary regime, demonstrates a shift in dietary
preferences based on the nature of the
substratum over rvhich it is feeding.
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0 4

Polychaeta 70 22 l0 l8

Bivalva Giphons) 20 27 B 595

G a s t r o p o d a 0 l 0 0
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C o p e p o d a 2 2 2 3 2 9
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Amphipoda 86 483 460 116

Isopoda 6 i6 2S 2

D e c e p o d a 9 1 7 5 6 5

Pycnogonida 8 5

Insecta 19 3

methods may give a better indication of feeding
effort (Hyslop 1980). Small organisms may also
be of enhanced significance because of their
greater speed of digestion (Sikora et al. 1972 in
Hyslop l9B0).

Soft bodied invertebrates appear in greater
quantities in the diet ol A. purpurescens, espe'
cially in rocky substrata. The cirratulid poly-
chaete tentacles observed in rhe g\tts ol A. pur'
purescens in this and other studies (Barton
l9B2b, Yoshiyama and Darling l9B2) suggest an
unusual dietary adaptation that may facil i tate
coexistence with syrnpatric species. Yoshiyama
and Darling (1982) have demonstrated that cir-
ratulid polychaetes are distasteful to other fish
species.

The most noteworthy difference in the diets
olA. purpurescens and P ornard was in the con'
sumption of large quantit ies of macroalgae by
the former. Macrophytes can provide significant
nutit ion for f ishes (Montgomery and Gerking
1980) and their uti l ization has been demonstrated
to be an ecologicall,r and energetically feasible
strateg,y for north temperate fishes, including
some species of stichaeoids (Wells et ol 1973; Ed-
wards and Horn 1982; Horn, Murray, and Ed-
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