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1.0 PROGRAM  OVERVI EW

This section presents the background (Section 1.1) and objectives (Section 1.2)
of the Mnerals Management Service Program to conduct a "Benthic Reconnai ssance
of Central and Northern California OCS Areas.” A summary of findings and
recommendations from the stuay are presented in Sections 1.3 and 1.4,
respectively.

The overall report is organized into two vol unes. Vol une | conprises four
maj or sections and one Appendix:  Program Overview (Section 1); Mterials and
Met hods (Section 2); Results and Discussion (Section 3); References (Section
4) ; and Data Analysis Methods (Appendix A). Volume Il contains the technical

appendices , including a synopsis of the planned survey locations, actual survey
coor di nat es, and taxonomic |lists of hard substrate and soft substrate
or gani sns. A Phot ogr aphi ¢ Docunentation Report, including 70-mm and 35-mm

phot ographi ¢ slides of the benthic comunities and color video tapes of the
hard substrate transects, was submtted separately to M. A Data Report
listing all data collected and anal yzed for the study was submitted to MMS in
Novenber 1988.

1.1 BACKGROUND

The M nerals Managenent Service (MMS) programto conduct a "Benthic Reconnai s-
sance of Central and Northern California OCS Areas” was intended to increase
the know edge of marine benthic habitats within the Central and Northern
California OCS (Quter Continental Shelf) Planning Areas (Figure [-1). The
initial program design also included study sites in the Southern California OCS
Planning Area; however, these sites were not surveyed due to weather and
schedul e constraints . The general program consisted of a field survey
conducted in Novenber/Decenber 1987 of selected hard substrate and soft
substrate habitats from approximtely 50-mto 600-m depth (165 ft to 1850 ft),
| aboratory and data anal yses, and report preparation to characterize the
bi ol ogi cal comunities, particularly as related to differences in geographic
range (e.g., latitude), bottom depth, and substrate type. The study area was
| ocated in possible oil and gas lease sites fromthe Central and Northern
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California ocs Planning Areas for which there was little or no information on
the benthic comunities.

Several historical studies including the BwM Southern California Bight Baseline
Program (e.g., Fauchald and Jones, 1977, 1978a,b); the MVB Phase | reconnais-
sance survey of the Santa Maria Basin and western Santa Barbara Channel (SAIG,
1986) ; the MVB Phase || nonitoring program (Battelle, 1988); and industry-
sponsored studies, including Chanbers Consultants (1982) , Danmes and Mbore
(1983 , 1984), Engineering Science (1984), and MCelland Engineers (1985),
provide a basis for conparison with the results fromthe present study.
However, most of the historical data were collected south of the present study
sites and therefore are most useful for conparing conmunity differences between
geographi ¢ areas.

1.2 OBJECTI VES
General objectives of the study included

(1) Survey benthic comunities at selected sites within the three California
OCS Planning Areas to obtain quantitative data on species distributions and
abundances, community structure, and selected environnental variables that nay
affect the comunities; and

(2) Analyze statistically the comunity structure and variability within and
among the sanpling sites, and integrate information from previous studies to
provi de area-w de mappi ng, conparisons, and interpretations.

The study was designed to provide a broad-scal e reconnai ssance of the benthic
communities of the Planning Areas; however, as noted in Section 1.1, actua

survey operations were conducted only in the Central and Northern California
ocs Areas. The survey design enphasized collections of single sanples at soft
substrate sites and surveys of single transects at hard substrate sites in
order to provide coverage within the available sanpling effort over a range of
bott om dept hs and geographic | ocations. Replication was performed in sone
areas to assess within-site variability.
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The overal |l program was conducted by a team of scientists and engineers from
Science Applications International Corporation (San Diego, CA and Newport, Rl
offices), MEC Analytical Systens, Inc. (Carlsbad, CA), EcoAnalysis, Inc. (0jai,
CA), Benech Biological and Associates (Ventura, CA), Renote Ccean Systens (San
Diego, CA), and advisors and independent consultants from Scripps Institute of
Cceanography, University of Southern California, Louisiana Universities Marine
Consortium Oregon State University, and University of Hawaii.

Different field-sanpling nethods were used for the hard substrate and soft
substrate surveys to meet objective (1) above, The hard substrate survey was
conducted using a renotely operated vehicle (ROV).  The ROV was equi pped with
systems to: (1) record continuous color video and observer commentary of the
benthic comunities; (2) collect 70-nm col or photographs for quantitative
macrofauna anal yses; (3) collect 35-nmM macrophotographs for taxonomic
verifications; and (4) collect rock sanples with attached biota for analysis of
smal ler fauna and as an aid to taxonomic identifications. The soft substrate
survey included collections of infauna/epifauna, sediment TOC, and grain-size
sanples using a 0.1-n° box corer. In addition, 35-nm photographs of the ocean
bottom at the point of coring were obtained. Water tenperature and dissolved
oxygen concentrations were recorded at both the hard substrate and soft
substrate sanpling sites. Measurenents of near-bottom water conductivity and
currents, although not specified in the work plan, also were attempted at the
hard substrate sites, and incidental observations were made of seabirds, marine
mammal s, and fishing activity in the survey areas.

The general approach for achieving objective (2) included sunmary statistics of
bi ol ogi cal, physical, and chem cal paranmeters; multivariate and univariate data
anal yses and graphi cal presentations of community distribution patterns,
habitats, species abundances, and environnmental paraneters; and illustrations
and general descriptions of new taxa. The rel ationships between species/
conmmunities distribution patterns and environmental paraneters also were
exam ned using multivariate techniques. Envi ronnental paraneters included
sediment grain size, TC, substrate type (e.g., boulders or cobble), and
substrate relief; near-bottom water variables such as tenperature, salinity,
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di ssol ved oxygen, and currents; bottom depth; and geographic location (e.g. ,
basin) .

Another elenment of the overall program a “Review of Recovery and
Recol oni zation of Hard Substrate Communities of the CQuter Continental Shelf,”
was submitted to the MMS in June 1988. This report, along with the results
from the reconnai ssance study of hard substrate and soft substrate comunities,
will aid the MMs in making environmental analyses and management deci sions
concerned with potential oil and gas activities within the California OCS
Pl anni ng Areas.

1.3 SUMVARY OF FI NDI NGS

This section presents a sunmary of the major findings from the study, including
hard substrate and soft substrate results (Sections 1.3.1 and 1.3.2,
respectively) and the observations of seabirds, marine mammals, and fisheries
activities (Section 1.3.3).

1.3.1 Hard Substrate

1. Eight of 14 transects estimated to be located in hard substrate
areas, based on side-scan sonar records, were characterized
entirely or predomnantly by soft substrate. These soft substrate
areas were presuned to represent hard substrate overlain by
sedinent veneer. Indirect evidence suggesting this conclusion, in
addition to the side-scan records, included hard substrate visible
at the bottom of 0.3-1 mholes in some sediment veneer areas and
hard substrate epifauna (e.g., basket stars) that were “stranded”
in other soft substrate areas, presumably due to sedinent
encroachment on hard substrate. Only three transects were
characterized by extensive (> 75% hard substrate; one other
transect was characterized by approximtely 30% hard substrate and
four by approximately 3-15% One deep (224-285 nm) transect in the
Eel River Basin was unique in having extensive areas of wood
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debris which provided (presumably) epheneral hard substrate
habi t at .

Hard substrate relief greater than 3 monly was observed al ong one
transect each in the Point Arena and Santa Cruz Basins; thes e
transects also corresponded to the shallowest survey depths
(61-85 m. The remaining hard substrate areas generally were |ow
relief (< 15 cn.

Transect areas characterized primarily by sedinent veneer
typically had flat nuddy bottonms with a range of small- and large-
scale disturbances including burrows (indicating biological
activity), furrows suggesting traw tracks, and ripples indicating
current patterns.  Higher frequencies of burrows observed in the
Eel River Basin probably are related to increased infaunal
abundances, as noted fromthe soft substrate core sanples (Section
3.2). Ripple patterns observed over a range of bottom depths from
61-192 m probably are the result of significant near bottom
currents.  These observations and the relatively high (e.g., > 25
cnisee) near-bottomcurrents recorded at depths greater than 200 m
during the survey (including one observation of 50 cm/sec at 246 m
depth) suggest a significant potential for sedinent resuspension
and novenent in these deep benthic environnents.

Near - bottom water tenperature data indicated a general decrease
with increased bottom depth, ranging from highs of 11.5-12.0
degrees C at 60-66 mdepth to lows of 5.1-5.7 degrees C at 235-316
m dept h. Di ssol ved oxygen data also indicated a trend of de-
creased levels with increased depth, ranging fromhighs of 9.2-9.3
m/1l at 60-66 mdepth to a low of 2.4 ml/1 at 278 mdepth. The
tenperature and dissolved oxygen data were both within the range
of expected val ues. The salinity data generally showed an
expected increase with increased depth, although values < 33 ppt
recorded from some shallow transects may represent an equi prment
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mal function; ot her values were within the expected range of
approxi mately 33-35 ppt.

Mil tivariate anal yses of the video data delineated five station
groups and associated taxa primarily distinguished on the basis of
substrate type (hard versus sedinent veneer) or substrate-related
features (e.g., relief). O these groups, two represented the
majority of the sediment veneer habitats along nost of the
transects, one represented areas which appeared to be narginal
hard substrate habitat (very lowrelief and heavily “silted”), and
the remaining two represented exposed hard substrate areas along
the relatively few transects where this habitat was observed.

Common taxa were highly representative of the major differences in
substrate type (hard versus sedinent veneer) observed along the
transects. Conmon taxa on hard substrate included anemones (e.g.,
Metridium senile), feather stars (Florometra serratissimy), cup

corals (e.g., Paracyathus Stearnsii, Balanophyllia elegans, and

Caryophyllia SppP.), several Sponge taxa (morphs), and rockfish
(Sebastes spp.), and in low relief areas brachiopods (Lagueus
californianus) and ophiuroids. In contrast, sedinent veneer areas
general ly were characterized by sea pens, Octopus rubescens, sea
stars (Luidia foliolata), various flatfish, pacific hake, and
poachers. It is notable that some sea pen species (e.g.,
Stylatula elongata) WhiCch typically retract into the bottom
generally were absent from the deeper (e.g., > 200 m) sedinent
veneer transect areas, potentially indicating shallow sedinent
depths that may Ilimt their retraction or, alternately, to
limtations in the depth distribution of this species.

The total nunber of taxa observed from vi deo, photoquadrat, and
rock sanples data is 134, 139, and 195, respectively. Princi pal
differences between the video/ photographic and rock sanples taxa
(excluding fish, rays, and sharks) are the predominance of
coelenterates, echinoderms, sponges, and bryozoans from the
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vi deo/ phot ographic data as conpared to polychaetes and crustaceans
from the rocks. These differences primarily are related to the
different viewing scales and |evel of taxomomic identifications
which are possible using these nethods.

Addi tional multivariate anal yses focusing separately on the hard
substrate and sedi ment veneer data fromthe transects conprised
the primary assessments of community differences and rel ated
environnental variabl es. The hard substrate anal yses delineated
five main station groups, based on the video data. O these
groups, two represented a broad range of survey depths (101-285 m)
fromthe Eel River Basin and were characterized by sparsely
occurring hard substrate species (e.g. , the anenone Mecridium
senile and low growing sponges) in low relief outcrop areas and
some typical soft substrate taxa (e.g., sea pens and Octopus
rubescens); two groups represented scattered low relief (<1 m
“mddl e depth” (113-161 m) transect areas in the Point Arena and
Bodega Basins and were characterized by brachiopods (Lagueus
californianus) , ophi ur oi ds, tan  zoanthids, f eat her stars,
anenones,  basket stars, sparsely occurring cup corals and
gorgonians, white foliose sponges, a variety of encrusting
sponges, and numerous fish (particularly rockfish) and ray
species; and one group which represented the transect areas of
hi ghest relief (I1-3 m+) and shal | owest survey depths (61-85 nm
and was characterized by several taxa in common with the middle
depth group including feather stars, basket stars, white foliose
sponges, gorgoni ans, and rockfish, but which al so had nunerous
di stingui shing taxa including cup corals, the bryozoan Di aperoecia
spp., J ewel anenones (Corynactis californica), and the rockfish

Sebastes mystinus.

Miltivariate analyses of the photoquadrat data, based on two
transects fromthe Point Arena Basin, delineated two main groups
which primarily appeared to be distinguished based on substrate
relief and depth. These groups corresponded closely to the mddle
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depth and shal |l ow depth comunities described in Item 8 above
al though fewer large taxa (e.g. , feather stars) but nore small
taxa (e.g., colonial protozoans, Konokoiacea) were observed from
the photoquadrats, prinmarily due to differences in the scale of
observation as described in Item 7 above

Rock sanples could only be collected fromthe northern survey area
and primarily represented serendipitous collections using box
corers. Most of the taxa collected fromthis survey also were
found on rocks fromthe MVS Phase | program only six previously
described taxa (one species of sponge, one nenertean, one
brachi opod, and three crustaceans) were found exclusively from
the present survey. Seven new taxa (one species of sponge, one
anenone, one kinorhynch, one flatworm two nemerteans, and One
crustacean) were identified from this study as conpared to 156 new
taxa from the Phase | program this relatively | ow nunber of taxa
fromthe present study probably is associated with the apparently
| ow diversity habitats (sediment and gravel) from which the rocks
were collected using the box corers.

Mil tivariate analyses of the video data from the sedinent veneer
transect areas delineated five station groups. O these groups

one represented the shall owest transect depths (85-128 m and was
characterized by several hard substrate taxa such as brachiopeds,
whi ch apparently were attached to a hard surface through a
sedi ment veneer, and sonme common soft substrate organi sms such as
octopus, sea pens, ophiuroids, and seastars. Two groups, ranging
in depth from 101-192 m appeared to represent typical sedinent
veneer habitats with the same taxa as the first group but
additionally were characterized by nore frequent occurrences of
the sea pen s. elongata (potentially indicating deeper sedinents)
and by the mollusc Pleurobranchaea californica and several fish

Sspeci es. Two groups represented the deepest transects surveyed
(246-338 m and were characterized by nost of the sedinent veneer
taxa noted for the other groups, but notably by the absence of
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| arge retractabl e sea pens such as S. elongata. The absence of
this species may reflect shallow sedinment depths or some other
habitat restriction or species preference related to bottom depth.

Separate ordination and nultiple regression analyses of the hard
substrate and sedi nent veneer data indicate changes in the
bi ol ogi cal communities with changes in depth, some depth-rel ated
factors such as tenperature, and substrate paranmeters (such as
relief for the hard substrate data). Addi tional ordination
anal yses and Mantel tests of these data suggested some separation
of the biological communities based on basin differences.
However, within the survey area there is an obvious increase in
the occurrence of exposed hard substrate and substrate relief at
shal | ower depths and a scarcity of hard substrate data from any
depth within sone basins (e.g., Eel River). This pattern is
associated with a corresponding, predictable change in the
bi ol ogi cal comunities. Consequently, it is 1likely that the
correlations with depth represent artifacts of the limted overal
occurrence of hard substrate in the survey area. The primry
factors which appear to be influencing the biological communities
in the survey area are substrate type, including hard versus
sedi nent veneer, sediment depth (veneer) over hard substrate, and
substrate relief. Surveys of exposed hard substrate features, if
they occur at approximately the same series of depths within each
basin, would be necessary to verify whether the comunity differ-
ences are related additionally to geographic |ocation (basin) or
dept h.

Qual itative conparisons of the results fromthe present study wth
those fromthe MMs Phase | and Phase Il programs and several
i ndustry-sponsored studies indicate that many of the taxa and
comunities are simlar, apparently representing species which are
distributed over broad geographic ranges, but which exhibit sone
correlations with depth and/or substrate relief. Some of these
species include feather stars Florometra serratissima, the
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anenone Metridium senile, cup corals (Paracyathus stearnsii,

Balanophyllia elegans, and Caryophyllia spp.), and the brachiopod

Laqueus californianus. Dom nant invertebrate phyla from these

studies included coelenterates and echinoderns in nost areas,
al though high densities of brachiopods and sponges were observed
in sone localized low relief and high relief areas, respectively.
Wth the exception of some predictable differences anong the
surveys related to study design, the taxa and communities were
very simlar, at the |evel of taxonomic resolution and enuneration
possi bl e using photographic and video techniques, from at [|east
the Point Conception area to near the California-Oegon border

Substrate

Two major patterns characterized the sediment regime in the study
area. The Eel River Basin was characterized by finer-grained
sediments than the two other basins. Most sedi nent phi val ues
were greater than 5.0 in the Eel River Basin and less than 5.0 in
the two other basins. On nost transects in all three basins, the
sediment grain size increased in the offshore direction, rather
than decreasing, as observed from nobst other studies. A cluster
anal ysis of the sedinent data identified five sediment types at
the soft substrate stations. These types formed a gradient from
mediumfine sand (Type A) to silt and clay (Type E). Type A
occurred largely at the offshore stations (400-m and 600-m) in the
Point Arena and Bodega basins, while Type E occurred largely at
the nearshore (100-m stations in the Eel River Basin.

The nean near-bottom water tenperature and dissolved oxygen
concentrations in the Eel River Basin (8.7°c and 3.5 m/1) were
significantly higher than in the Point Arena Basin (8.2°C and 2.8
m /1), but only oxygen was significantly higher than in the Bodega
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Basin. Tenperature and dissol ved oxygen val ues decreased signifi-
cantly with depth in all three basins, froman average of 11.0°cC
and 4-6 m/1 at 100-m to 5.8°C and approximately 1 nl/1 at 600-m

The major pattern in the sumary neasures of the bemthic conmunity
was related to depth; sedinent-size characteristics were a second-
ary influence on the benthic comunity, and other interbasin
differences appeared to have only a minor influence. Tot al
abundance, nunber of species per core, dom nance, diversity, and
evenness were all significantly higher at 100-m depth, and in sone
cases at 200-m than at 400-m and 600-m The only ot her
consi stent finding was that all but two of the summary neasures
differed significantly anong the sedinent types. Total abundance
was significantly higher in fine-grained (Type E) sedinents than
in the coarsest sedinents (Type A). Only total abundance differed
significantly between basins, ranging from 708 organisns per core
in the Eel River Basin to 517 per core in the Bodega Basin.

Mil tivariate analyses of the biological data revealed several
maj or patterns. Nine station groups were defined based on the
patterns of occurrence and abundance of organisns. Some station
groups characterized by simlar comunities included stations from
several of the basins, indicating that basin geography did not
strongly influence conmmunity conposition. Some station groups
from narrow depth ranges supported simlar biological commnities,
indicating that depth (and/or depth-related factors such as
temperature and oxygen) was an inportant factor in the
organi zation of the benthos. There were also station groups from
simlar depths that supported different communities, indicating
that factors other than depth (e.g., sedinent characteristics)
influenced those comunities. One group of taxa was conmon to all
depths and basins, suggesting that they tolerated a w de range of
environnmental conditions.

1-12



Vol .

The major difference in the soft substrate comunities reveal ed by
t he multivariate analysis was between the shallow (100-m and
200-m and the deep (400-m and 600-m stations. The anal ysis
showed a nuch greater degree of simlarity among stations fromthe
sane depth, regardless of basin, than anong stations fromthe sane
basin but different depths. The cluster analysis reveal ed no
obvi ous al ong-coast geographic patterns.

Miltiple regression confirmed that depth was nobst strongly
correlated with the ordination axis accounting for the greatest
amount of variability in the biological data. The axis expressing
the second-greatest amount of variability was strongly correl ated
with sediment grain-size characteristics.

Mil tivariate hypothesis tests using ordination scores indicated
that the Eel River Basin comunities were significantly different
fromthose in the ocher two basins. This difference may reflect
the significant difference in sedinment types between the Eel River
Basin and the other two basins; tests also showed that at three of
the four depths, the biological commnities associated with the
two finer-grained sedinent types were significantly different from
those in the coarser-grained sediment types

Univariate hypothesis testing of selected species showed that
speci es whose patterns of abundance were related to ordination
scores on Axis 1 varied significantly in abundance with depth,

confirmng that Axis 1 expressed comunity variability associated
wi th depth. Many of the species related to Axis 2 varied
significantly wth sedinment type . There were no apparent
rel ationships between the patterns of abundance of species
conprising various feeding-type groups and depth, basin, or
sedi nent type; nor did the nobst abundant species in each basin
show any consistent relationship with environnental variables

Parametric nultiple regressions of species abundance against
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measures of the environment also did not reveal any clear
relationships.

Cluster analysis of the conbined data fromthe CARP, BLM and MMS
Phase | studies showed that the soft substrate benthos differed
primarily with depth and secondarily wth geographic |ocation.
The major cluster groups were shelf and upper-slope stations (less
than 200 m deep); md-slope stations (200-450 n); and deep-slope
and basin stations (greater than 500 m. Secondary patterns
depic