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POPULATION ESTIMATES OF DEEP-WATER FINFISH SPECIES BASED
ON SUMERSIBLE OBSERVATIONS AND INTENSIVE FISHING EFFORTS
OFF CHARLESTON, S. C.
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Studjes to develep popuation cslimates of neep-water ceef tish basedd on visual observalions froin a
submersible and on intensive fishiny efforts were carried out in 1982 and 1883 in 118 hectare site in 200 m
of waler, 148 km cast of Charleston, Souih Ceroling Dala from 7 submersible dives in 1982 and 6 dives in
1683 were used Io develop population estimates on seven fish species in § ditlerent habital types wilthin the
study area, Longtine sels in 1982 (N=46) pruvided dala adequsie to generate population estimates for
biveline lilefish and blackbefiy roselish. Population estnales could not be calculated for a third larget
species, snowy grouper, from the longline data. No longline derived sstimates were developed in 1983,
principally bacause of small sample size (N=30). Based on submersible sludies, estimates of snawy grouper
densities ranged from 2.6 to 15.5 Individuals per heclare, with blueline tilefish estimales ranging from 0.5 to
1.4 per hectars. Based un regressions of CPUE on cumulative ealch (p=0.05), blueline tilefish eslimates
ranged from 1.2 to 4.1 individuals per heclare gnd blackbelly rosefish estimates ranged from 8.1 10 98.0

individuals per hactare.

Introductinn desermine acceptable utilizativn rates to sustain

Deep-water exploitable resources are optium population levels.

casily and quickly overtished as removal of Abundance of deep-waler praanisms is
farge specimens affecls stock equilibrium.  ditficull to determine when reliance is placed
Accurate assessment methods which can entirely on indirect. merhods for collecting
provide sound management recommendations  habital, environmental, and faunistic data
before stocks become overfished are (Barans, 1982; Gutherz, 1952). Indices of
imperative. The assessments shovld inclyde abundances arc generally c,xtrapolated from
indices of stock, size, availabilily, rales of  calch rates of trawls, longlines, traps and hand
exploitstion and recovery, and fishing  |ines. Information obtained is ofen
J(_euhnit‘m: ad should also engble the fishery incomplete or misleading and can result in
t0 maintain or enhance stock production and eriopeous conclusions regarding stock size and
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avaitability (Gutherz, 1982). Populaiion
infonnation is restricted 10 those species
caught and provides no information on
ecological relgtionships indduding specics
interactions, behavior, babital, or associaied
fauna.

Submersibles  have heen  used
cxtensively 1o observe marine fishes and
inverlebrates in an attempl (o betler understand
eeolugical relalinnships, behaviar, habitat
preferences, and o compute populalion
cstimates (Able et ai,, 1982; Abls et al., 1987,
Andersnn and Builis, 1970; Barans ¢t al.,
1986; Cirimes et al., 1986; Gutherz ct ul.,
10K3; Jones ot al., 1989; Marock et al, 199];
Parker and Ross, 1986; Ralson ¢t al.. 1986;
Shipp and Hepking, 1978; Uzmann et al.,
1Y77: and van Hock, 1982). Binlogiwcal
onaervations and habitat utilization ¢un also he
recorded and docuemented on videp, audin and
photogizphic records for laler analysis when
unlizing submersibles.

This paper documents resnlis ol studies
conducted on the Charleston “Lumps™ arca
near the cdge of the continental shetf cast of
Charleston, South Carolinag in August, 1982
and Scpiember 1983, National Marine
Fisherics Service, South Curolina Tlepatent
of Natural Resouvrces, and Harbar Rranch
Foundation personnel conducted submessible
survey and intensive boutum longling lishing
acuvitics 1w provide population estimates jor
snawy  grouper {(Epinephelus niveatus),
bplucline tilefish {Cawlolailuy micropy), und
blackbeily rosclish tHelicolenus
doctylopterus).  Substanlial informatton was
also obtained on the Charlesion "Lunips”
hahizn and o the ahundance and distnition
of other fish species wahin 1hat habi:,
Materials and Metheds

The Souh Caroliny Department of
Natural Resources, R/Y ORCGON. and the

Harbor Branch Foundation, Inc. vessel [V
JOHNSON; along with the Tlarbor Branch

BATHYMFIHY OF OIARLESTON LUWPS
N ME TERS
FHOM RCCORDS OF BEA LINK
DIvES—
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Figure 1. Buthymetric reliel within the study arca and around the topographic liphs. Spot represenls
center of ynginal scarch area { 12243, 9'N: 78° 05, 9' W)
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subneers.bie JOTINSON SEA LINK were usad
during this servey. The submersible is a four-
man, two companmical vessel. The forwad
acrvlic sphera houscs the pilot and an observer
and the aft aluminum diving compariment
carries 4 tender and second ohserver {Crimes
2t ai., 1986 and Shipp el al.,1986). The RV
JOIINSON  supported all  subnicrsibie
activities, and the R/'Y QREGON provided ali
fishing support.
Site Survey gnd Selection

Prior to the commencement of
submersible aclivites, several days were spent
scarching for an apprepriate isolated stody
site. Crterda for the study site included:

¢

1) thres or more Lrgel specics caught per 2
100 hook bottom longhne set;

2} separate opoagraphic  highs which
represanted independent survey sics; and

1) an area small enocgh for the subniersible o
adequetely sample within the budgeed time.
A final stucy site was delined after complation
of the acousue and test fishing surveys (Fig
1). Key positiuns {coordinates) were stored in
a Lotan “C” ploller memory to ensure (hat tixe
vessel remained within the defined samipling
arca and that dive tracks and longline sets
conld be plistted precisely. Habitat
infonnaumn ohtained during submersible dives
was utilized to coustruct a detailed chant of
hahitat type and disuioution (Fig 2). An
nperational map of the site was conf:nually
upgraded until a final stady site was detined
with bathymetric and hahitat dala positioned
on a Loran C grid (Fig | ang 2). The study
site wag approximately 118.13 ha (0.4 square
nm) 1n surfact arci and consisted of Ltwo
discrete typographic highs, It was located
about 148 km (R0 nm) cast of Charleslan,
South Carolina ar 32° 44" N, Lat, 78" 068
W. Long. in 18RS 10 220 m depths.
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Figure 2. Diagrammatic presentation of habitate wathin the study area.



Sulbnersible Survey

Survey methodology was initially
cslablished during a 1982 Flonda “Middle
(xrounds” survey (Shipp el al., 1986 and Tyic
¢t al., this proceedings) and was furthes
refined (o accommedale  conditions
cucountened during this study.  Species coonts
were obtatned afong all transocls and al each
point caunt location uwnder stundardized
araficial zghting, wilh all fishes identified to
the lowest 1axon possible.

Survey procedures were as follews:
The submersible maved o a randomly-selecied
starting point and settled ontv the bottom,
Three I-minute poinl counts were made with
the siehmersible stationary. Upon complaticn
of the third point count, a course for the fst
91.4 m (100 yd) lransect was verhilly
received from the RIV JOHNSON,  Transaers
consisted of a sorics of segments traversed a
appreximately | knat.  Speed was variahle
(due 1o topugraphy and currenty bul povement
along cach sepment was continuous,  Start
pasitions and direction of submersible

fransects were randomly sclected, but all
lransects did not follow the selecued path duc
lo currenis and topography {Fig 3).

Upon completion of a sepment, the
submersible again sewtled onto the hottom and
remained stalionary while thice additional |-
minute point counts were completed. A now
course was then received from the surface
vessel for the next sepment. This procedure
continned thiough alt trenscct segments and
puint counts.  Deviations from eswblished
procedures oceurred when recording unnsual
biological activity or obtaining specics
verification.

While all segments were assumed 1o be
equi-distant (91.4 m. 16O yards) the stzep
hotiem topography played havoe with the
suomers:ble doppler navigation system and
made this assumptien guestionable on certain
scgments. Over simooth batam and genile
slopes, Lhe deppler unit operated accurately
but. un steep slopes doppler recordisd distances
were yuestionable and these distances were
vstimaled by the submersible pilot.
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Figure 3. Transcct coverage throughout study area in 1982 and 1983,
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Audio recurdings were made during the
transect by each of two abservers, one in the
forward observation comparunent andd one in
the at diving compartment,  Video tupes of
select specimens and of the habital were
recorded from the forward position.  Still
photographs vtihzing a 3§ mm camera svsiem
with strobe lights weie taken for habitat
definitinn and species identification frens both
the forward arnd aft positior.s.

Infornration enllected included species
iderndification, number ol individuals, hanit,
time, depth, and distancs truversed along tha
hunsect segmaenl. Forward observers mace
ceents and ahservaticns throughout the entre
area viewed.  Toc cbserver in the aft diving
vompartmenl gencrally counted only out of the
starbaard viewing port unless nccluded.

Flishing

Iipon completion of stbmersible
uclivities, effort shified w intensive fishing in
an itempt (o syslemalically mduce cawh per
unit efion. thereby allowing an estimate of the
initial population within the study site o be
computed.  Unfortunately, severe weather
suhstantially reduoved submersible time and
bottom longiine fishing time in both ycars of
the sludy.

Fishing zear and lechnigues incloding
the use of bortam longlines and Kali poles hes
been described by Russell e al., 198k, and
thut referepce should be consuied Inr an
accurate descriptivn of the construclion,
nandling and methodolegy of fishing bottoin
and offbottoms longline gear, During the 1wo
year study, buth butiam and off boltomn
longlines werz randomly deplayed throughout
the study site.  Sel direction and habital
sampled were influenced by currcot and
prevailing wind direction.  For the 1982
portinn of this stedy, tOO-hook Lottum
longline szts of approximately 260 melers in
length were wienaed with szts of 40 Kali
poles {6 hooks per paled of equal groundline
length. In 1983, the number of huoks per Kali
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pole was reduced o 5, and bottem lonplne
sels wer2 recduced [0 50 hooks over 100 meters
of groundline,  All bottom longline and Kali
pole activites were conducted duting dayligit
houtrs.

In an attempl Lo reduce population
numhers within the survey site, fishing was
conducted over 12 days in {982 (August 1-12)
antl 5 days in 1987 (September 9-13). Targae
species were snowy grovper, blueline tiletish,
and blackbelly roscfish.  Number and weight
ol cach specics caught by set was reconded and
a catch per unit effon {CPUL) compued.

Anaivtical Procedures - Submersible

Analytical techniques used o cvaluate
submersible  data  included statistical
comparisons hetween observers and lhcir
posilion in the submersible. Compared
variables included: Species, nombers, and
habital type. Population sizes were cstimaied
by compuling a density (notha) value for each
targel species within each habitat and
mulliplying this density value by the estimated
number of hectares per habital type.  Precise
bultom area was unknown but was obviously
larger than the surface area (1i18.13 ha), as
bottom topography consisted of a series nf
irrepular Wwpographic highs and depressions.

The area viewed from the forwaré and
art compuriments of the submeorsible,
JOHNSON SEA LINK, was computed w0 he
0.287 and 0.156 ha respectively for cach 91.4
m (100 yd) segment. Area viewed was
computed using a viewing angle of 159
degrees for the forward and 120 deprees for
the alt compartments and a visual distance of
14.6 m from each comparimant, The 14.6 m
visual dislance was an esrimate provided by
the submersible pilot.  Area viewed on a 91,4
m (100 vd) segment fram the forward and aft
Compariments was computad using the
formulas [{25.24 x dy + 280.19)] and [(14.6 x
d + 224.1%)), respectively.




{1} 2524 und 14.6 represented the widlth of
rectangles viewed during a segment in in;

{2) d represented the length of a segent in m;

(3) 280.19 and 224,15 represeated the 1012l
wea in square m o vicwed from ihe forward and
afl compartments when the subnmiersibla was
Slalwenary.

Analysis of vurianes technigues ware
ased 1o test for ditfcrences beiween ohservers,
enseiver pasition and years. A muldvariate
parnd otest, (Manison, 1976; Talsuoka,
1971; and Johnston and Wicaermn, [98]1) was
conducted sl o cach obseever vicwed Lthe
sume amount of each habilat. The comnuer
pickages Stlistiez]l Anulysiv Svsiems {SAS?
and Staistical Package for Sociad Scicness
(SPSS} were wsed for analysis of year,
pasilion, and observer differences.

Years were sitparaled ané neated
independently for point counts, Transcet
counts, and corbined data.  Mean deasily in
wrms ol number per hectare and geir
wssociated conlidence ialervals were compulad

Ridge Toup

Boulder Rock

Rock Rubble

for each of the apove faewors for cach of the
Iwo years,

Pooling of terms was cmpinyed
whenever possible 10 simplify models and 10
construct nean densities and associnted
varianees. Due e the high incidesce of non-
signincance thyoughout the data se, pooling
factors allowed the use of simplified modslc
for furiher inferences: combining Gaw from
observer and position tor dznsity estinates
improved the precision of thuse esumaies,

Analytical Progedures - Fishing Data

Catch dala werz uermaiized w calch
acr 100 hisoks per heur tished (CPUE) for the
lhree species caughi most frequently on
botiea lmglines (snowy groupar, blueline
Hiclish, and blackbelly josefisa. Population
estmales wele compuied by regressing CPUE
versus cumaiative carch [Richer, 19753,
Regression  equations were  lested  or
significance and the esiimated s-inlereept (e,
estimated population size = N) was computed
nsing:

Barren Sand

U ridge 1op




Table 1. Habitats sampled in the study area off Charleston, Seanth Carolina using the Harbor Branch
sudmersible during 1982 and 1983, Percent coverage by habitat and lotal number of hectares within

each labitat are provided

o

.HABI'Z'A'I' METERS TOTAL PERCENTAGH l HECTARES IN
1982 (983 THE STUDY ARLA

Sand 2532 3.022 5,554 208 | 2457

Sard Rock 4,144 5,059 9,203 34,5 4075

Rock Rubble 2,655 2,726 5, 1R] 19.4 2292

Houlder Rock 2,072 545 2717 102 12.08

Ridge Top 3,921 615 4,042 < 17 84
 Total 14,626 12,071 26,697 100.0 %13

|

N = - a/h where a = y intercept and b =
slope.

Population estimates from this method
were coinpared against thuse computed using
visual sightings from the subrersible.

Results

Phystography

The swdy wrea consisted of two major
lopographic highs (Fig 1).  Throughout the
general area many secondmy opographic
highs were nowd with majur ridgss aencrally
ariented in a northeast W southwes! direelion.
Thesc ridges coasist of compressed
foraminifera in a phosphorite matrix with a
ledge and boolder appearunce.  The breakup
and slippage of this material exposed a
pedesial formation of foraminiferal ooze which
had the appearance of sand ur sand/rock-like
malerial. Depending on the extent of the
breakape, the compressed foraminifera had the
appearances of racks or boulders (pers.
comm., Di. Chartes M. Hoskin, Harbor
Branch Foundation. Inc.. F. Picrce, Florida).
This malerial separated ihe two majur
topographic highs within the study area. The
scries of ridge tops located in the southeast
carner of the study arca were helieved 1o

represent an adjacent topographic high.
Foraminiferal ooze {(“sand™) was noled
throughoul the enure survey area, and al times
formed large exwensive dunes. Many stecp
slopes or wrraces weme noted. leading 0 major
ridge tops (Fig 2). Terrain was reminiscent nf
mounlainous regions in which valley floors,
sinpes of varying steepness, ridze splines,
depressions, and catensive ridge tops (some
mesy like} were present.  Steepest slopes were
generally nowed along the northern partion of
the Study aica Lul were not exclusive to that
region (Figs | and 2).  Slopes ranged frem
geatle v almost veriical walls {SO"-60") and
were upwards of 20 m in beight.  The entire
mea consisted of five basic habilat types
including: barren “sand” (composed of
foramminiferal noze), sand/rock, rockirubhle,
boulder/rock, and ridge top (Fig 4). The
dominant habitat within the siudy area was
sandfiock.  The combinzd barren sand and
sand/rock habitat accounnted for 45.6 % of the
wtal arca transectad in 1982 wnd 66.9 % in
1983 (Table 1), Approaching topographic
highs from deep water {215-220 m) the
submersible traversed from areas of barren
sand w ridge top piarcass (185-190 m).
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The suriace of the foraminiferal ooze
cai become mobile and cover exposed ledzaes
which may have broken off the suiface, giving
it the appearsnce of shifling “sand”. These
hizren habitats were depauperate and gencrally
rccupied by only 4 few inveriebrates, and
nccasionally a tew fish.  The occurrency of
ancimones gnd pen shefls in this ooze mnay
represent areas recenldy covered or beconzing
cxpased as these orgunisms require o hacd
substrate for anchorage. Freguently, the cover
in these arens was anly 3 ihin vensi of sanc.

Muoving cpslope, the amoun: of
suhstrate and slope angle increased ay habitaut
changed from barrea sand (o sandAurk (¥ig 2
amd 4], Slope increased significantly at the
inferface: between sand/rock and rock/mibble.
Fawmal changes at the inierface ineluded an
ircrease in finfish and invertebrates (sponges,
encrusting organisnis and bydroidy), Along
this interiace an oveasiona grotto or Luge
obligque burrow was chservedd, Cortinuing
tpslope, the angle hecomes steeper, the rocks
larper and more heavily encrusted with
inveriehrates.  Phosphoriis {houlder/rock) size
was fargest wong the steepest portion of the
Shope. The bonlder/rock hadital had the jeass
surface arce of the five defined habitts (Tuble
I and Fig 45 The nige top Incawd above the
keulderiioek habitat included & profusion of
wyeriehraes, rocks of varying sire, and
wlerstitial sand.  Boulderfrock zreus appear o
resclt from the breakage of ihe compressid
feraminilera phosphorite matrix ledges which
then moved down siope.  Through time these
beulders and rocks become smaller us they
lumble further down the slope, finally coming
Lo rest in the sane/rock habitat (Fip 4),

Species

Thirty taxe were recegnized ting the
twa vear study Clable 2). Taxa were
Wentfred 0 22 specics, S penery, 2 fumilics
¢f hony fishes und | shark. Twenly Six fux:
ol fish were reengnized on traasects aned 20) on
PEnt Chunls. - Seven SpLeics (snowy preuper,
alnshiae tlefish: Blackbeily rosedish: tongsoiine

scorpionfish, Pomtinus longispiniy; slime head:
Gephyroberyx darwini; yellowfin bass, Anthins
nicholsi, and Laemonema harbatutum) were
observed ofien cnouph o allow an evaluaiion
of their habitat prefeicnces and distribution,
The seven species represented 96.4 5, of fish
seen on point coonis and 978 % seen an
lransects. Deasitiss of these species and
wsocialed 95 paicent coniidence inlervalg are
capressed a8 number per heectare (Fig 3
through 7).

Meun densities of (he seven spugics
expressed &8 nouber per heetare Dy yim for
wil data combined sre iisted in Table 3.
Densitics by species and hubitar for cach of the
wo yoars ame listed separalely in Tablas 4 and
S.  Eslimates were zenerelly higher on
transects than on point estimawrs.  The habiwr
with the highest densities varied by species.
The seven specics wire disiribmed throwghout
the ertiie survey area, with barren sand hebitat
taving the Jowest popplarions (Table 6], wlils
Tour of the seven species had greaiest densities
1 sane/rock habital,

Commercially important blueline
tietish (Cualoiatilus microps) wene the lees:
leeQuently abserved of the sever SPeCics, ang
had the lewest overall density (Tanle 4 wad 5.
and Fig 5. Although they were abseryag i
at hahitats, they were mes! efien sighed on
sandirock and least frequently noweg AMGn g,
boulderfrocks Clable 6 and Fip 6;. Dlieline
thefish wtilized burrows and spaces heiween
racks as residence sites They were ohserved
sharing  their residences wigl nilelish
(Lopholarlus chamaeleontieepy) fones), ana
SNOWY gronper (several occasions). During
Ins two year sludy & towa) of 77 tlueline
lilefish were ebserved (Takle 2) indicating a
small populutina witkin the Study area,
Buetom leoglines caugbt 187 spetimens. 145
v 1982 and 42 i JOR3, SUgpRstiIg A juger
pepulation then chat indicated  from
supmeesibie counts,  Submersible estimates for
the sindy site were 104 and RS fur 1982 and
T9RA respeciively Clable 6).



Tnble 2. Species and number of specimens observed during point and
1 Carchna in 185 to 220 m; counts niade from the Harbor Brarch

dives ofl Charlestun, Soutl
submersible.

transect counts on 1982/83

Citharichthys sp.

SPECIES POINT COUNTS TRANSECTS |
NUMBER PERCENT ~ NUMBER PRRCENT
OBSERVED OF TOTAL  OBSERVED OF TOTAL
Anthias mcholsi 1,057 362 10,741 60.0
Helicolerms dactylopierus 576 197 2,399 13.4
Lacmonema harbatubm 61 iv.2 2,090 117
Pontinus longispinis 157 12.2 1.880 10,
Epinephelus niveas 195 €7 243 (4
Cuanlolairiys microps 37 1.3 49 0.2
Macrorhamphiosus scolupax 34 1.2 131 0.7
Cephvroberyx: darwim 3l 11 14t 0.6
Chlcrophtbalmus agassiz 24 0.8 44 0.2
Hemanthias vivamis 12 0.4 40 02
Plectranthias garrupelfys 12 0.4 54 c.3
Jebochikia gladifer 5 02 44 0.2
Chaunax prctuy a 0.1 7 0.0
Uroptyeis floridana 2 01 6 0.0
Serranus sp 4 (.1 12 01
Shark 2 0.1 -
Hyperuglyphe perciformis 2 0.1 - -
Bothidac 3 0.1 Is .1
Bembrops sp. ! 0.0 - -
AMola motu 1 0.0 -
Symodus intermeding - - Q 0.1
laranthias furcifer - - Il a1
Ruja cglantera - - 1 0.0
Synncdus sp. - - 5 00
Xenolepidichthys dalgleishi - - I 0.0
Lopholatitus chamaeleonticepy - 3 0.0
Serivla dumerili - - S 0.0
Decodon sp. - 2 n.0
Gobiidae - - 7 0.6
- ! 0.0
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Table 3. Mean number of individuals per hectare for sclected species oll Charlestan, South Caraling
in 185 (0 220 m for point county, transects and combined data. Counts mude from the Harbor Branc

submersible during 1982/1981

SPECIES POINT COUNTS TRANSECTS COMBINED

| los2 1983 1982 1983 1982 1083

Laemunema harbatulum 198 218 113 260 274 243
Crephyroberyx dorwini 32 1.7 2.1 22 25 2.0

Fpiriephelus niveatys 97 15.1 S8 28 89 S 4

Authias nicholsi 473 323 202 1080 1309 n99

[".'z‘m/o-'c:ui.'m-' microps 1.0 1.4 0.5 oy 0.8 1.3

Helicolenes daciviopterns 202 183 359 270 jrz2 22
Li’un.’n.-.s' Inngispines TE238 224 27 150 231 -J

Yellowlin bass were abserved on all
habitats, bt densities on barren sand were low
(Fig 7 and Table 4 and 5). Sightings in the
sand hahitat occurred only arnund solitary
rocks, not nver the sand itself.  Yellowfin buss
were st frequently seen in high numbers on
und around ke houlder/rock habilal or a1 the
crest of ridge wops. Ofllen Jarge numbers of
schooling (ish, thought o be vellowlin hess,
wers  cbserved i the  waler coluan
immediately abave the rocky subsiratz, but
teslifications were not eontinmed and coun's
were noet o recorded. Yellowrin buss
represcnied the mosl nemerous segment of Lhe
ichthyofaural community found in the study
sie, with visual counts indicating popalations
of 15,186 in 1982 and 6,736 in 1983 (Tuble
3.

Gephyroberyx daraint were observed
on all habilzls, but the highest densities were
noted on boulder/fock during both point and
ransect counts (Table 4 and 5, Fig 5). They
were found within the interstitial spaces
berweun rocks and boulders, alung the
mizrfuce between the bowlder/rack and roeks
rubble hahitats, near 1he crest of the ridpe wop
habilal, or au dsolited rock sites within 1

sand habital. G, darwini were not caught on
bottom longlines. but submersible cognts
indicated a population of 252 in (982 and 114
in 1983 within the 118 ha study siw ¢ Table 6).

Although blackbelly rosefish, longspine
scorpionfish and L. barbatulum, were
disiribuled throoghaat the swdy arca, st thres
Species were mos commonly Sighied uver the
sand/rock habilat (Fig 63, These three S7CIeS
had the dighes: overall densitics {expacl 1o
yellowlin bass) in eack babitul {Takie 4 and
5).  They occurted more irzguendy on e
barren sand than other species and weoie
primarily associaied with scauered rocks and
sand depressions (Takle 4 and 5).  Estimaied
population nuinbers were highust on sandf ok
and lowest on sund or bavider/ rock (Tablx 63,
Blackhelly rosefisk and Jungspine scen pivalish
were the most frequently canghr specimens on
hoitoin longhines,  During 1he twa year stnly,
1,393 specimens of hlackbelly rosefish and
lengspine scorpionfish were captured or
botlom longlines (952 in 1982 and 473 i
1983).  Species identification bewween
Flackbelly rosefish and tongspine scorpioaiis
trom the submarsible were iniially difficolt

resuiting anoearly pidsidemiricalions.  This
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Figure S, Mean number per hectare and associsted Y percent confidence interval by habitst for ©.
darwint, C. microps, and E. niveatus using combined data for 1982 and 1983 off Charleston, South

Carolina. Counts made from the Harbor Branch submicrsible,
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Mean Number Per Hectare

Figure 6. Mean number per hectare and associated
longispinis, H. dactviopterus, and L. barb

1882 1983

Laemonema barbatulum
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95 percent eonflidence interval by habitat tor 2.
airefum using combined data for 1982 and 1983 off

Chaileston, South Caroling  Counts made from the Harbuor Branch submersible
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Tahle 4. Mean numher per hectare by habitat based on counts made from the Harbor Branch
submersible, in 1982 off Charleston, South Carodna in depths of 185 to 220 m (P - point counts, T =
transcel, C = combined, SA - sand, SR = send rack, RR = rock rubble, RR = bouider rock, and RT =

sfdge wop).

HABITAT AND HECTARES (ha)

SPECIES
20.44ha 33.4%ha 19.5ha 16.77ha 27.6+ha Over Over
SA° SR RR BR RT All AlSD
Mean
Lacmonema barbatulum P 10.2 455 190 00 245 188 171
T 19,1 411 352 292 321 313 81
C 138 436 253 243 298 274 108
Geplrrnberys: danvin P 00 0S5 31 89 34 32 35
T .0 0.2 1.6 6.9 1.8 2.1 2.8
i C G 0l 38 7.3 2.8 2.5 J.0
Fpnephelus mveatns P 2% 83 205 00 16R 97 88
T 06 7.4 74 K3 52 5.8 3.
C 2.0 79 154 6.9 12.5 8.9 52
Anthias nicholst P 26 RIR 365 00 953 473 443
T 37 634 178.0 2767 4924 2029 1932
C 0 739 1038 2306 2434 130.% 1036
Canlolatilus microps P00 23 14 00 11 1.0 10
T 0.5 0.7 0.8 a1 05 0.5 0.3
C 0.2 1.6 1.1 0.1 0.9 0.8 0.6
| Helicolens duciviopierus | P 184 374 -'7;2.2 3.7 22 292 g4
T 328 4746 368 284 331 337 73
C 243 418 340 296 2061 312 57
Fontinus tongispiris P 1.2 150 9.7 (1.0 12.7 77 638
T 144 348 198 159 272 224 85
C 6.6 23.5 136 133 18] 150 o3
-
Overall Habitat Mezn P 530 273 203 63 2352 - -
Overall Habital SD P 68 276 192 134 323 - -
Overzl] Habitat Mean T 102 276 386 522 847 - -
Overall Habitat SD T 125 252 627 996 1405 - -
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Tuble 5. Mean number per hectare by habilal based on counts made ffom the Harbor Brancih:
subnersible, in 1983 off Charleston, South Carolina in depths of 185 to 220 m (P = poinl counts, T =

transest, C = combined, SA = sand, SR = sand rock, RR =

rock rubble, BR = boulder rack, and RT =

ridge 1op}).
SPECIES HABITAT ANI) HECTARES (ha) .
29.57ba 49.51ha 26,6803 6.31ha 6061 Ovir Over
SA SR RR BR XRT Ali  AISD
. P Njeaﬂ .
Laemoneme barbatulum P 50 436 344 23R 223 218 104
T 95 82 416 227 18C 260 116
C 6.9 292 371 229 2086 233 102
(:}ep)u-mber vx darwini P e9 “0.4 01 60 69 1?7 2
T 0.2 06 i.6 7.3 1.4 22 29
C__06 05 08 70 IO 20 28
Lpinephelus niveasus ¥ 00 52 2 085 43 155 280
' T62 26 2 41 08 26 2.
C ol 43 33 Ins 29 54 64
Antinas nicholsi P 14 201 619 238 544 323 282
‘v 7.2 9].7 2128 1255 1089 1086 737
C 3.9 473 1186 1052 745 6v.y 46
Cauinlatilus microps P 0.3 3.3 1.4 0.0 1.7 14 14
T 03 a7 1.4 [.2 oo 6.7 0.6
C 0.4 2.5 t.4 ¢ in 1.3 0.4
Ivelicolenus dactylopterus | P 166 305 162 €O 163 153 1 I?
T 323 407 242 248 132 27.0 102
C 201 344 192 199 16Y 227 70
Pontinus longispinis P 59 330 160 476 166 238 165
T 140 496 28% 230 203 271 16
C 95 193 207 279 180 237 112
Overall Habitat Mean |3 35 166 189 238 17| “ .
Overali Habitat SD P 39 134 225 250 186 - -
Overnll Habitat Meen T 9.1 320 450 298 228 -
Lt')wsrall Habitat SD T Ite 337 785 433 376 -
176
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Figure 7. Mean number per hectare and associated 95 percent confidence interval by habitat for A,
nicholsi using combined data for 1982 and 1983 off Charleston, South Carclina. Counts made from

the Harbor Branch submersihle,

difficulty was probably reflected in 1982
density estimates (Tauble 4 and  5).
Submersibte counts indicated a populalion of
5700 in 1982 and 6,101 in 1983 for thess two
species combincd (Tabie 9). L barbatilum
were not caught on loaglines.  However,
submcrsible counts indicated a populaton of
3,474 in 1982 and 2,909 in 1983 (Table 6).

Snowy grouper were observed within
cach habital. although densities were
considerably Jower over sand than at othe
habitats (Table 4 and 5, Fig 5). They were
guite mobile and were most frequently scen
sctvely swimming above the substrate rather
than stationary on the hottom. Preferred
habitat included arcas in which rocks or
boulders were present.  Snowy grouper were
observed actively pursving blackhelly rosefish
and longspine scorpionfish immediately above
rocky substrates, bul at no time was there
success observed.  They were maost often
observed on rock/rubible and boulder/rock
habitats in close preximity to slope edges
rather than on Fat @idge wops. During 1he (wo-
yedr swdy, 116 speeimens were caughl on
bottom and offbottera longlines () in 1942
and 26 1n 1983). They were caught more
requently on bouom lunglines that off-botlom
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longlines (Tahle 7). Visual connts indicated a
population of 1,073 in 1982 and 426 in 1943
{Table 6.)

Population

Calch raies for dominant specics (aken
on the longlines are presented in Table 7. A
significant negalive correlation betwaen catch
per unil elforl and cumulative catch was found
in 1982 for 2 of the 3 spccies highly
vulnerable to longline gear (Table 8). Tor
thesa two, the blackbelly rosefish and blueline
tilarish, 95 percent vonfidence inlerval
esumaws of population size were developed
for comparison with submersible-decived
estimates.  Blueline nlefish densily estimates
ranged from 1.2 to 4.1 individuals per ha and
blackbelly rosefish esiimawes ranged from R.1
ty 96.0 individuals per ha.  No populatien
ranges could be developed from 1983
intensive fishing data because the courclations
bziween CPUE and cumulative catch weac not
significant.  The number of iongling scts in
1982 (4n) was close to & pre-cruise target ol
M), which was estimated ueeessary for a valid
siatistical comparison,  The 1983 cffort {(30)
was well short of the desired eitort.

from

E.




Table 6. Popuiation number per habitat and

year for combined data (point counts ang transect).

Fstimates represent numbers within the study area off Charleston, South Carclna in 185 19 290 .
(SA ~ sand. SR = sand rack. RR = rock rubblz, BR = baulder rock, and RT ~ ridge top)

SPECIES Year |  HABITAT TOTAL OF
B _ |__sA SR KRR BR RT ALL [TABITATS
Laemonema barbatibum 1982 282 1458 502 408 824 3,474
1983 201 1446 990 {44 138 2,904
Gephyroberyx darwini 1982 0 3 S0 122 7 252
1983 18 25 21 4 O L4
Lpinephelus niveatuy 1982 1] 204 306 116 346 1,673
1983 K] 213 88 109 1R 426
Awthius nichels: 1982 Gl 2470 2060 3867 6738 15,186
1953 115 2342 31nd 661 453 6,730
Cawvloiatitus microps 1982 4 L3 22 2 25 106
1983 12 124 37 f ¢ 1&5
Helicolenus ductylopteris | 1982 497 1397 675 496 72 3,780
1983 Sv4 1703 512 126 |02 3.037
Pontinus lungrspinis 1982 135 7o 270 223 s00 1,914
1983 28] 1946 552 170 109 | 3,084 |

Table 7. Catch rates, expressed as number per 100 hooks per hour for three species off Charleston,

South Carolina in 1982 and 1983,

Catches were mude off the South Carplina Wildlife and Marine

Resources Ship RV OREGON. BL = baltom longline, OB — ofl-botiom Jungline

| SPECIES CATCH FROM BOTTOM AND OFI-BOTTOM | .ON GLIN'I‘IS
1982 1981
HL OB BL o |
fpmnephelus niveatis 0 089 0.025 (.034 0.014
Cewivlotiins microps D.08% Q 60 0 07¢ 1.921]
Helicolems dactylopterus 0.759 0343 0.427 Q.343
Total 0.934 434 U583 .17

|

Miscussion

Results from the separite submersible
sludies in 982 and 1983 weye reasonzbly
consisient (Table 6. Diiterences in species
population cstimatzs between the twa years ar
Dot extrems, and standad deviations are
geaerstly Jower thun the means, infrequently

e vuse inepen cecan siadics which atlemp
Systematic guanithication O modia species
iTuble 4 and 5). Some dilitrences betwenn
visval pepulatien eslimates for ezch spucies hy
yuar resulied from the use of 1wo culeulgion
tachnigues, Popolation  estimates for
individua! hubitat (vpes feom babitar specific
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fish densities were summed (Table #), m an
overzll pnpulation estimaic was calculated
from the mean of Jisk densitics from all
cabitaty wad the aca of Ge sludy siee (Talle
9. Also, a numiber ol fecons influenced the
developmieat of koth visual and intensive
fishing population 2stimulus.

Visual populaticn cstimates may he
subjected to atlraction or avoidance biases,
effect of changing visibility on nbseiyver counts
due 10 water clarity,
subizersible lights on finfish, particularly
helow depths of even madest light penetration.
During submersible dives, verification of
species adentilication was through video
cioseups.  During (his process, specimens
being video taped generally appeared
mesmerized, and held position, although ke
submersible approached 0 with:n a few fect,
Snowy grouper appearsd (o he attracied o the
submersible lights and the:r numnbers are
probahly gverestimated.  (har species, such
us Anthigs would move inin crovices or away
from the light ficld a8 the submersible
approached (Barans et ul, 1980). Specias that
flee 1 the periphery of the light and are less
available for counting will be underestimated.

The mode of submersible operation is
alsy important in eStimating the Lrue numbhers
o fishes present. Tyler et al. (this
Proceedings) reported that larger, mobile
fishes <uch as smagpers and Broupers woere
overestimetsd by point counts because of thejr
allraction 1o the submersinle when it was
stepped.  Transecl counts previded lowns
population estimates lhan did poinl counts for
the two larger species, snwy pgrouper and
blucline tilefish, in both 1982 anc 1983
surveys (Tuble 9). Conversely, species that
tendesd o hide from the Bright submersible
lignts, such as Anrhias, were prohably
underestimated by sepiicawd point coums and
were seen more hiequentiy on ‘ransecls.
Crypus or bhurrowing species, such as the
blueiing tilelish, weie probably underestimated
by either wmode.

and cffects of

Pepulatien estimates derived from
intensive longline  [ishing overlapped
submersible estimates only ror Wlackbelly
rasefish, one of \wo speciss for which
cstimates were labulated in 1982, Maior
problems in gencrating populution estimazcs
for additional specics in 1982 and ail specics
n 1983 were the limited number of scis due o
heavy weather in hoth years, and hiph
variahility induced by osing two differznt
longline pear types. Populativn esiimates
based an removal through inlensive fishing
12quire that no immigration or ermigrating
oceurs 10 or from the stady ares,  This was an
opuen area 1 which both blueling tlefish and
grouper were obscrved actively swimming.
Intensive fishing should have been conducied
guickly, therefore, reducing porential
variahtlily.

Matlock et al (1991) succesded in
developing population cstinnates hy nwnsive
henthic Tonglining ia 300 meters aff of Tozay
for Golden tlefish, cubun dogfish (Squalus
cubensiy), Southern  hake {Yruphyeis
Horiduna), and Gulf hake (U, cirrain). As in
this swdy. their population cstimates derived
(rom submaersible transecis exceeded estimates
derived from intensive fishing activities,
although population size ranges overlapped for
golden tilefish off “Texas using the two
methodnlogies,

Matlock a1t al (199]1) reported
“average” population sizes of 446, 134, or §)
(5.3, 1.6 or L.O/Ma) for golden tilefish, based
on methedolegy wsed, in o4 study arcy of
approximately 84 ha.  They also ceported
submiersible derived estimates of | 50) (3.7/ha)
yellewedype grauper (Fprinephetus
Havolimbatasy in ar arca of approxunately 41
ha.  These populaticn and d=nsity estimales
are in the same general range as those
generaled Jor thes study of 307-1,830 (2.6-
I5.5/ha; for snowy grouper (Tatle 3 and 93,
and 39 1685 (0.5-1.4/hay for bBlucline dlefish
{Table 3 and 9} within 118 ha Though both
the Texas and South Carpiina surveys used
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similar methodologies, direct  habital
ohservations of the two sites indicated that at
the South Carolina site, the current was
strotiger (bringing in mowe food), the amounl
ol rocky substrate was  greater, {lor
inveriebrale attschment and cryptic specics),
and abundance of water-sifting inveriebrates
und plankuvorous fishes was much higher than
a the Texas site.  Conscquently, the South

Caroling sitc should suppost & preater biomass
of apex carnivores such as the snowy grouper.
An aparcnt increase in Wie pepnlation of
hluyeiine tilefish at the South Carolina site that
wis prooebly fished commercizlly hetween
years suggesls possihle ditticully with e
visual sampling methedniogy.  This may have
been related W the high percemage of tanscets
in the sand habitat in 1983,

Table B, Results of DeLury CPLE regressions for estimation of populalion size (N), probability (p),
end upper and lower popuiation estimales at the 95 porcent confidence level for Lpincphe fus
mveatus, (aulolatilus microps, and Helicofenus doctylopterus from 1982 (46 sets) and 19R3 (30
sets) from intensive fishing on the Charlesion lumps study site.

[ SPECIES N p Pop Range  Submersible
95% C.1. Cstimate
(Teble &)
1982 | Lpinephelus niveatus 181.5 02423 - 1,973
{wlolanius microps 178.0 0 0022% 145-478 106
Helicolenus ductylopierus 1,084 0 ' (.n2238" ) D52 - 11324 .."?,78{3
1981 [ Epinephelus niveatus 214.0 0.9258 - 420
Cenalolatilus microps 266.0 0.G168 - 188
Helicolenus dactylupterus 11480 02270 - 3,037

¥ Statistically significant

‘Table 9. Population estimates based on mean number for all habitats conbined times total nuniber of
heztares (118.13) within the survey site located off Chasleston, Sonth Carolina. Data obrecied during

1982/1983 dives on the | Iarbor Branch submersible.

SPECIES ! 1982 1981
TRANSECT  POINT COMBINED | TRANSECT  POINT COMIUNLD)
COUNTS COUNTS i
1. barbatulum 3,697 2339 1237 2.07] 2,575 2757
G, darwini o 2;’43 378 29s 260 201 216
i ety 685 L4610y 307 1,831 538
A, nicholsi 23,968 5,587 15,453 12,828 1R 8,257
. micraps 59 118 95 &3 165 1534
H. dactylopterus 4,217 3,449 3 685 3,189 1,807 2,611
P. longispimy 2,646 910 1,772 3,201 2,811 3,792




At a small unexploited site in Onslow
Bay, Norh Carolina, Epperly and Dnérili

(19%5) repocted an exploitable biomasy of

snowy grouper of approximately 11 kg/m®.
Al 8.4 kg per fish, (their inilal mean weight
lor snowy grouper) that translaes o 1.3/m? or
13,060 [ish per hectare. approximatzly 3,000
timas the density cstimaled for deep-water
groupers off of Texas and South Carolina.
We assume that the 46 m x 56 m sile, tocated
in 194 m, was a conceniration area for snowy
prouper, and that the cumulative 23 t {over 90
o 3nuwy prouper) taken had recruited ino the
site over the 1G-month study.  Hawevpr,
Parker and Ross  (1986) ostimated
concentranons of nearly 8000 snowy grouper
per ha at g sopanite sie. Dodsit et al {19937
feh that, "Small areis ame not lixely w0 support
such bibmass cven seasenally i the fish were
restricted to feeding an or above hard boton.,
unless feeding was restricted because of
spawning or cther activity”,

Despite ditficullics encountered during
this study in determining precise species
densities and population estimates of deep-
water fish stocks, progress was make i erms
of development, evaluation, and application of
viable techniyues. The development of
pepulation estimates for bineline tilefish and
backbelly rosefish from intensive tongline
fishing allowed catchability coelficients w be
detived for the two specics of 0.01 (1 %) and
2005 (6.5 %) respeciively. These
cocfficiemts represent the perceatape of the
populations of these specics that would he
taken hy a 200 m grovncline hotom longline
from  within the 11y he study  site.
Verification of such dina ed davelopnent of
gear efficicacy estimawes fur other deep-reel
species should aliow evemtua! quantiFication of
numbers andfor biomass per unit area.

We feel that rescarch showld continue
o compare multiple estination mcthods far
each decp-water population/community
addressed.  In addivon, the ecllection of
associared environmental facters with
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population estimates would assist hiolngists i
delermining  those {aciors  that aftect
population stze and density, providing the
infonnation necessary il management agenics
are o effectively prevent tha overexploitativn
of long-lived, slow-growing, deep-weler
ICSOUICES.
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