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Abstract—Between 1995 and 2002,
we surveyed fish assemblages at
seven oil platforms off southern and
central California using the manned
research submersible Delta. At each
platform, there is a large horizontal
beam situated at or near the sea floor.
In some instances, shells and sedi-
ment have buried this beam and in
other instances it is partially or com-
pletely exposed. We found that fish
species responded in various ways to
the amount of exposure of the beam.
A few species, such as blackeye goby
(Rhinogobiops nicholsii), greenstriped
rockfish (Sebastes elongatus), and pink
seaperch (Zalembius rosaceus) tended
to avoid the beam. However, many
species that typically associate with
natural rocky outcrops, such as bocac-
cio (S. paucispinis), cowcod (S. levis),
copper (S. caurinus), greenblotched
(S. rosenblatti), pinkrose (S. simula-
tor) and vermilion (S. miniatus) rock-
fishes, were found most often where
the beam was exposed. In particu-
lar, a group of species (e.g., bocaccio,
cowcod, blue (Sebastes mystinus), and
vermilion rockfishes) called here the
“sheltering habitat” guild, lived pri-
marily where the beam was exposed
and formed a crevice. This work dem-
onstrates that the presence of shelter-
ing sites is important in determining
the species composition of man-made
reefs and, likely, natural reefs. This
research also indicates that adding
structures that form sheltering sites
in and around decommissioned plat-
forms will likely lead to higher densi-
ties of many species typical of hard
and complex structure.
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Understanding the habitat preferences
of deeper-water (below scuba depth)
fishes has proven to be elusive. Off the
Pacific Coast, several studies (Stein
et al., 1992; Yoklavich et al., 2000;
Nasby-Lucas et al., 2002) have dem-
onstrated that habitat characteristics
play a major role in shaping deeper-
water fish assemblages. In those stud-
ies it was apparent that, although
individuals of many species may be
found in a number of habitats, most
species showed distinct preferences.
These studies clearly showed the role
that hard structure plays for many
species. How more subtle habitat char-
acteristics, such as the presence of
sheltering sites, may influence species
composition was still unclear.
Between 1995 and 2002 we sur-
veyed fish assemblages associated
with southern California oil and gas
platforms. Platforms may serve at
least two functions for these fishes.
First, the water column around many
platforms serves as a nursery ground
for a suite of rockfishes (Sebastes spp.)
and other fish species, often harboring
higher densities of these species than
do nearby natural outcrops (Love et
al., 2003). Second, platform bottoms,
where the platform jacket and well
pipes meet the sea floor, may harbor
high densities of subadult and adult
fishes. Most of these fishes are rock-
fishes, but lingcod (Ophiodon elon-

gatus), painted greenling (Oxylebius
pictus), and various members of the
surfperch family (Embiotocidae) may
also be abundant (Love et al., 1999;
Love et al., 2003).

The platforms we surveyed were
designed to have large, circular (1 m
in diameter) horizontal beams that
connect vertical and diagonal jacket
elements at or near the sea floor. In
some instances, these beams were
buried, either by shells that had fall-
en from shallow parts of the jacket
or by a combination of shells and fine
sediment. In other instances, beams
were partially exposed (full width of
beam or partial width of beam was
resting on the sea floor) or completely
exposed (thus leaving a gap between
the beam and sea floor). During our
fish surveys, we noted that fishes
appeared to be patchily distributed
along the platform bottom and that
some species seemed to be respond-
ing to the presence or absence of the
beam and to the amount of space
under the beam. Because the beams
are all composed of similarly shaped
steel and differ only in the amount
of surface exposed, we hypothesized
that patterns of fish associations with
this structure would present insights
into the role that sheltering spaces
play in determining species assem-
blages in both natural and man-made
habitats.



Love and York: Relationships between fish assemblages and bottom horizontal beams of oil platforms 543

Materials and methods
o ®w ~ wm
. . 8 f%lz2e58 3 2%
Field sampling s 5 gE@|lem>-Sg 9 28
= S| S5 g 7
o © Z o
Between 1996 and 2002, we surveyed fish assemblages 28
i i 3o . SE| ~ ~ ~ -
around seven 011. and gas platforms in .southern and N < | = 8 - Elaasos & A7
central California (Table 1, Fig. 1) using the Delta gIXF |l eg@FEgE| Sscss3ss <2 o
h submersible, a 4.6-meter, 2 1 3TE|SgSEE | I2_ Ay 2@ &
research submersible, a 4.6-meter, 2-person vessel, 2 B STEE|l~AHSHS & o
operated by Delta Oceanographics of Oxnard, Cali- § < g
fornia. Aboard the Delta, we conducted belt tran- o8 g w
. <
sects about two meters from the platform while the £os R s
submersible maintained a speed of about 0.5 knots. g @ BESE| Qo arn o g
. . .. g S 88T g | W MWD ®© ) o
Surveys were conducted in fall, in order to optimize PR s22F |l ¥IRLRT ¥ =g
good weather and water clarity. i E 8 ERS % g /- --== = =
o . . Q- w0
Submersible surveys were conducted during daylight s 8 § a2 S g —
. —~ g s ©
hours between one hour after sunrise and two hours 83 °© 5 N S
. w S g — %)
before sunset. During each transect, a researcher 0 88 S 5 o
. . . ~ . . .
made observations from a viewing port on the star- Ca : +| o000 € ox
board side of the submersible. An externally mounted éﬂé = - -
hi-8 mm video camera with lights filmed the same o g “é
viewing field as seen by the observer. The researcher § L8 s e 4 o &
. . . [ —_~ A A H 4 .
identified, counted, and estimated the lengths of all g Eg e P i B N Y = B
. .35 [ 2N Cdd ® 0
fishes and verbally recorded those data on the video. Zo 3 Cgl®IBoeaNE w Fo

: 5 % 0 DD O © <t —
All fishes in a volume two meters from sea floor up- ££2 § % qeras 2 £33
wards and two meters from the submersible outwards R S5 N
were counted. Fish lengths were estimated by using = g e % 2

. . . —
a pair of parallel lasers mounted on either side of the = g % 5 S = .

. R . ] N~ ~ —_ [S)
external video camera. The projected reference points &'3 = ~ g cSs¥YIT R A &
were 20 centimeters apart and were visible to both the -2 ﬁ| g < ;5 | & C58% % 3o

. SRS ® ] 3
observer and the video camera. 2 232 52 e E g
We defined the amount of beam exposure on a scale 2 2aE z9 o« N
(5]
of 0—4: 0=the beam was completely covered by shells = z) & § g g
. . o . [}
and soft sediment and it was not visible; 1=only the o b B 55
. . o —_ o~ o~
top of the beam (usually encrusted with invertebrates) - <8 TS 4 &
P . + — m © 4 1 g
was visible; 2=the beam was partially exposed (top é 5 % :Q* £ SR HLE 42
. .. . — =
and sides)—the bottom of the beam remaining in 5 %ﬁ; o5 gEend T &2
contact with the sea floor; 3=the beam was completely < 52 55 Je5gx - 3
. i
exposed and formed an open crevice less than 0.5 m 5 g £ g &
high; and 4=the beam was completely exposed and ¥ 2 g <2 _ _
formed an open crevice more than 0.5 m high (Fig. < 25 Faa<se I =
2). For each fish we recorded the size of the gap with 5 NI S e @ @
which the fish associated. S i@ NS+ d & g
. . . 2.2 9 N+ om0 — © ©
An environmental monitoring system aboard the o2y ¥ e Bs b =
N . . n o
submersible continuously recorded date, time, depth, SIS
. (9]
and altitude above the sea floor of the vessel. These § g B =
environmental data were overlaid on the original o ; g %E o o 1 o™ © <
videotape upon completion of each survey. Transect g g & = oKz @y
. . ) =
videos were reviewed aboard the research vessel or &2 g
in the laboratory and observations transcribed into § =3 S
e S
a database. ° S g x
wn -~ -~ -~
o Q% - = © © o N ~ AN
o O O O S S
. . ‘&‘SE’ w ooooggo%o
Statistical analysis IS = B e N A S
£ >3 5‘3 © WO O WOV YV VD OWD
. . o i i e SEE525858
We were interested in broad patterns of species’ dis- 293 SIS I R R
tribution among small-scale habitats. Because rare 23
species may prefer some (nonmeasured) extreme habi- g ,% = g ©
d th ially would have skewed 1 £ % £ 5% 8 E
tat and thus potentially wou ave skewed a genera SEZ S o $ g " s
. . . g B <
picture, we did not use those species where fewer than 52 g Sl 58585258 7T &
~ (=] = ~
40 fish were seen or those that were not seen on at least MES Al AENEKEIEO O
five dives. This left us with 27 species (of the original




544

Fishery Bulletin 104(4)

120;30‘ 1

Longitude (°W)

20‘°20‘ 120“’10‘ 120“’00'

1 9;50‘ 119°40

119°30

‘ 119;20‘

5 \0
& e N
m
34°30' £ Hidalgo Y Santa
= 130m BarEara
£ Harvest” Hermosa
—_ cc,)% 205m 183m o fe) (o]
OZ =0 Holly o
Y 64m
g Santg ®oo P
= Ba Ara C
S 34°10' /73/7/76/ Ggeo o
San Miguel QGm*
Island 2%2”
34000 g i : C? Zim
Santa R Anacapa
alr;;ndosa Salr;tlz r%ruz Island
Figure 1

Location of platforms in the Santa Barbara Channel and Santa Maria Basin. Platforms discussed in this
paper are shown as black stars and their bottom depths are indicated. The open circles indicate other

platforms.

65) and 50,048 fish of the original 52,999 observations,
or 95.1% of fish observed on all dives. In our analyses,
we separated bocaccio (Sebastes paucispinis) and ling-
cod into two categories, YOY and older fishes, based on
length-at-age and length-at-first-maturity data (Miller
and Geibel, 1973; Cass et al., 1990; Love et al., 2002).

We used chi-square goodness-of-fit tests to determine
which species tended to avoid or favor certain beam
habitats. Species tend to be associated with particular
depth ranges, platforms are placed at fixed depths, and
some species may or may not have ever been observed
on some platforms. Thus, the proportion of a particular
beam habitat available to a given species was deter-
mined as the proportion of that habitat occurring only
on those platforms where the species was observed. We
hypothesized that if a particular species does not favor
or avoids certain habitats, the expected number of those
fish seen in particular habitats would be proportional
to the amount of available habitat. In equation form:
Let u;; be the proportion of gap j ( j=0, 1, 2, 3, or 4)
available to species ¢ (i=1, 2..., 27) and T be the total
number individuals of species i observed. Then, the
expected number of fish i at gap j, E;; = u;; ¥ T;. Under
the null hypothesis for species i,

2

J=0 Joi

is distributed as a chi-square random variable with
n,-1 degrees of freedom, where n; is the number of
u;>0. The asymptotic assumptions for the chi-square
test are not valid if the expected value of many cells
is small. Cochran (1954) developed a conservative rule
of thumb that the test not be used if more than 20% of

the expected cell frequencies are less than five. Koehler
and Larntz (1980) suggested that the chi-square test is
reasonable if the total number of observations is greater
than 10, the number of categories is at least 3, and the
square of the number of observations is greater than 10
times the number of categories.

If the goodness-of-fit hypothesis was rejected, we ex-
amined the individual deviations, Xﬁ = (Oji - Eji)/(Eji)-5,
which are approximately distributed as normal (0,1)
random variables under the null hypothesis. Small val-
ues of X; indicate that the species is found less often
than predicted, whereas large values indicate it is found
more often.

Results

All species satisfied both the Cochran (1954) and Koehler
and Larntz (1980) criteria for the validity of the chi-
square test (Table 2). The null hypothesis that species
are randomly distributed among the crevice habitats was
rejected (P<0.0001) for all but one species, kelp greenling
(Hexagrammos decagrammus) (Table 2).

We surveyed a total of 9804.1 m2 of sea floor. Plat-
forms varied both in the amount of horizontal beam
exposed and, when exposed, the degree of gap between
beam and sea floor. At each platform, there was rela-
tively little annual variability in the amount of beam
exposed or the size and type of gap (Fig. 3). Mean size of
gap per platform over the entire study ranged from 2.5
(SD=1.1) to 0.5 m (SD=0.4). (Fig. 3, Table 1). Platforms
Gail and Grace, in the east Santa Barbara Channel, had
the greatest amount of gap. In particular, almost none
of the bottommost beam at Gail was completely buried
and most of it was at least partially exposed. At the
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Figure 2
Examples of four types of bottom beam structure: (A) at least some of the beam was visible, but the full width of the beam
rested on the sea floor (greenspotted rockfish, Sebastes chlorostictus); (B) the beam was partially exposed, remaining in
contact with the sea floor at its bottom, not its sides (flag rockfish, S. rubrivinctus); (C) the beam was completely exposed
and formed an open crevice less than 0.5 m high (cowcod, S. levis); (D) the beam was completely exposed and formed an
open crevice more than 0.5 m high (vermilion rockfish, S. miniatus).

other extreme, most of the bottom beam at both Plat-
forms Holly in the central Santa Barbara Channel and
Harvest, off Point Conception, was completely buried.
We saw little relationship between geographic location
(or platform depth) and mean gap size. For instance,
Platforms Hidalgo and Harvest are located within 4.6
km of each other, yet have very different beam expo-
sures, as do Platforms Holly and Irene that are sited at
almost the same depth. A lack of relationship probably
reflects differences in oceanographic conditions, because
some of these structures are found in areas where strong
currents scour the bottom, whereas others are found in
areas where sediments have not been disturbed.
Except for kelp greenling, all species exhibited some
beam habitat preference (Table 2). Species found more
often where the beam was completely buried (gap 0)
included greenstriped (S. elongatus), non-YOY lingcod,
rosy (S. rosaceus), sharpchin (S. zacentrus), and strip-
etail (S. saxicola) rockfishes, painted greenling, pink

seaperch (Zalembius rosaceus), and sanddabs (Cithar-
ichthys spp.). Those that favored the presence of the
beam or some amount of exposure (exposures 1 and 2)
included calico (S. dallii), copper (S. caurinus), flag (S.
rubrivinctus), and pinkrose (S. simulator) rockfishes,
pile perch (Rhacochilus vacca), and sharpnose seap-
erch (Phanerodon atripes). Species that tended to in-
habit areas where there was a gap between beam and
sea floor (exposures 3 and 4) were blue (S. mystinus),
brown (S. auriculatus), canary (S. pinniger), green-
blotched (S. rosenblatti), halfbanded (S. semicinctus),
squarespot (S. hopkinsi) and vermilion (S. miniatus)
rockfishes, and both size classes of bocaccio (S. pau-
cispinis). The vast majority of cowcod (S. levis) were
found at beams that were scored as exposures 2 and 3.
Both greenspotted rockfish (S. chlorosticus) and YOY
lingcod appeared to prefer either soft bottom without
beam exposure or beam exposure without a deep gap
(exposures 1 and 2).
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Figure 3

Mean size of gap between beam and sea floor on a scale of 0—4 at each platform, by year. Platforms
are ordered from northernmost to southernmost. 0=beam was completely covered and not visible;
1=only the top of the beam was visible; 2=the beam was partially exposed—the bottom of the
beam remaining in contact with the sea floor; 3=the beam was completely exposed and formed an
open crevice less than 0.5 m high; 4=the beam was completely exposed and formed an open crevice

Many species appeared to avoid certain beam con-
figurations; that is, they were found in numbers far
less than expected by chance. For instance, blue, flag,
greenblotched, halfbanded, pinkrose, squarespot, and
vermilion rockfishes, and bocaccio were all significantly
less abundant in areas with either no horizontal beam
or where that structure was not well exposed (exposures
0 and 1). On the other hand, a variety of taxa, such as
greenspotted rockfish, YOY lingcod, painted greenling,
and sanddabs were relatively uncommon where there
was a large gap between the bottom of the beam and
the sea floor (exposure 4). Widow rockfish (S. entome-
las), in our study comprising almost entirely YOY indi-
viduals, tended to avoid areas where the beam was ex-

posed. Calico and copper rockfish, along with sharpnose
seaperch, tended to avoid both sea floors with no beam
present and sea floors where the beam structure was
completely exposed (and the gap was significant).

Discussion

Species generally occupied those parts of the beams
that appear to be most similar to their natural habitats
(Feder et al., 1974; Yoklavich et al., 2000, 2002; Love
et al., 2002). In our system, there was a suite of spe-
cies that were less abundant or nearly absent when the
beam was exposed. These species included blackeye goby
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(Rhinogobiops nicholsii), greenstriped, sharpchin, and
stripetail rockfishes, painted greenling, pink seaperch,
and sanddabs. These species are usually referred to as
“soft substrata” or “mixed substrata” fishes. Other taxa
were associated more often or almost exclusively with
the exposed beam and these are species often categorized
in the literature as “reef” species. These included blue,
brown, calico, canary, copper, flag, greenblotched, half-
banded, pinkrose, squarespot, and vermilion rockfishes,
cowcod, bocaccio, pile perch, and sharpnose seaperch.
As in natural systems, to a great extent greenspotted
rockfishes and non-YOY lingcod inhabited several dif-
ferent habitats.

There is evidence that the crevices, cracks, and caves
on both natural and human-made structures, may influ-
ence fish species assemblages because they form shel-
ters for fishes (Luckhurst and Luckhurst, 1978; Kellison
and Sedberry, 1998; Rilov and Benayahu, 1998). In
many instances, overall fish abundances are positively
correlated with these openings that enhance habitat
complexity. On the Pacific Coast, there are only a few
observations specifically addressing shelter sites and
deeper-water fishes. Caselle et al. (2002), surveying
oilfield debris off southern California, examined the
influence that structural complexity may exert on fish
assemblages. They found that the presence of shelter
was one of the most important determinants for high
densities of both copper and vermilion rockfishes and
played some role in the abundance of a number of other
species. Yoklavich et al. (2000) noted that the “rock
habitat guild,” composed of such species as cowcod, pyg-
my (S. wilsoni), and yelloweye rockfishes, were “closely
associated with ledges, caves, crevices, and overhangs.”
Discussing yelloweye rockfish habitat off southeastern
Alaska, O’Connell and Carlile (1993) stated that the
“occurrence of refuge spaces may be one key to the pres-
ence of yelloweye rockfish, which were normally found
in areas where refuge spaces were available, even if the
surrounding habitat was not their preferred habitat of
boulder or broken rock.”

From our research, it was apparent that, among the
reef species, there is a “sheltering” guild. These are
species (i.e., blue, canary, flag, greenblotched, half-
banded, pinkrose, and vermilion rockfishes, cowcod,
and bocaccio) for which an exposed beam alone is not
sufficient. These taxa tend to be associated with the
spaces that provide shelter under that structure. Blue,
brown, canary, halfbanded, and vermillion rockfishes
and bocaccio were found in particularly large numbers
where the gap between beam and sea floor was larg-
est (exposures 3 and 4). A few species, such as calico,
copper, greenspotted, and pinkrose rockfishes, YOY
lingcod, and sharpnose seaperch, although often found
along the beams, seemed to avoid the most exposed
sections.

Fishes that either avoided the beam, or at least that
part that formed a gap between the beam and the sea
floor, tended to be small in size and to fall into several
categories. One group, the sanddabs, is adapted to liv-
ing on soft substrata. Other species, including blackeye

goby, greenstriped, rosy, and sharpchin rockfishes,
painted greenling, and pink seaperch, are diminu-
tive and solitary. Although pink seaperch are found
in schools over natural outcrops, we did not see them
schooling around platforms. All of these diminutive
forms will live in high relief, complex substrata when
larger predators have been removed from the system,
as occurs on most of the rocky outcrops off southern
and central California (M. Love, unpubl. data). How-
ever, it is likely they avoid exposed beams because
of the presence in the area of high densities of large
fishes.

Variability in habitat complexity, caused by variation
in the amount of beam exposure and the size of gap
between beam and sea floor, may explain at least one
of the between-platform differences we have observed
in fish assemblages. In general, platforms occupying
similar depths harbor similar fish assemblages (Love
et al.,, 2003). However, an exception was found when
comparing fish species at Platform Gail (224 m) and at
Platform Harvest (205 m) (Love et al., 2003). In order
of density, greenblotched rockfish, bocaccio, greenspot-
ted, stripetail, and pinkrose rockfishes dominated the
bottom fish assemblage at Platform Gail. Cowcod, al-
though not among the top five most abundant fish, were
found at higher densities at this platform than at any
natural outcrops or other platform that we surveyed in
southern California. By contrast, at Platform Harvest,
stripetail, greenstriped, greenspotted, greenblotched,
and sharpchin rockfishes were most commonly seen.
Cowcod were considerably less abundant at this plat-
form and we observed almost no bocaccio. Platform
Gail contains, on average, the highest mean exposure
value (about 2.5 m) and Harvest the lowest (slightly
more than 1.0 m). Most of the common fishes at Gail
are representative of complex habitat, those at Harvest
of lower relief and softer substrata.

This research may have a bearing on the ultimate
disposition of California platforms. The possibility of en-
hancing fish habitats and fish populations at platforms
is an important issue in the decommissioning process.
In particular, the California Department of Fish and
Game has suggested increasing habitat complexity
around the bottom of platform jackets by placing quarry
rock or other materials around the jacket (Schroeder
and Love, 2004). However, to date, augmentation has
not been attempted. With the results from our study,
we predict that increasing the habitat complexity at
platforms will, in some instances, increase the densities
of a number of rock or boulder-oriented species, those
species that are preferentially found where there is a
gap below the bottom beam.

In addition, the results of this research may also be
applied to natural reef studies, particularly those in-
volving marine protected areas (MPAs). This research
clearly demonstrates that, in terms of habitat prefer-
ences of many fish species, not all hard habitat is the
same. In fact, this research indicates that it may be
possible to predict which species are found around
different types of hard structure by the presence
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of different types of shelters at the hard structure.
This would be particularly important when deciding
on what habitats to set aside for MPAs designed to
protect and enhance the populations of specific fish
species.
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