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1.0 Introduction

The ohiective of this study is to devise a replicable suwrvey
technique useful in describing communities and estimating
species abundance of the fishes inhabiting Grav’'s= Reef National
Marine Sanctuary (BRNMS). This technigue is to be utilized in a
stratified random survey of GRNMS using sand, live-bottom, and
ledge (high profile rocky outcroppping) substrates as strata.

During the first vear of the stuwdy the primary emphasis has
been on a complete review of the pertinent literature,
description of strata to be used in the suwvey and preliminary site
selection, preliminary estimates of species abundance within
strata, allocation of sampling effort to strata, development of a
sampling technlique, and completion of the first swvey period on

gite at GRNME.

2.0 Literature review.

Reet fish assemblages are uniguely difficult to sample
because of the diversity and mobility of the fauna and the
variety of microhabitats within the generally complex reef
substrates (Russell et al 1976), The applicability and
limitations of various techniqgques for estimating reef fieh
abundance have been recently reviewed (Himmel 19855 Sale and
Sharp 1983%; DeMartini and Roeberts 1982y Brock 1983y Sale and
Douglas 1981; Sale 19803 Sanderson and Salonsky 1980; Russell, et
al 1978y, Techniques include the use of traditional fisheries
assessment gear {(nets, traps, hook-and-line), poisons,

explosives, remote observations, and direct observations by
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divers. Sale (1980) and Anderson, et al (1981) provide an
extensive reviews of the ecologv of reef fishes.

The use of nets for sampling fishes on reef systems is
difficult hecause of the tendency to shnag on high relief
substrates (Russell et al 1978). Specially designed high rise
nets mav be used with some effectiveness over reef substrates
(Powles and Barans 1980), but they are highly selective and cauvse
considerable damage to macrobenthos and algee. Traps and hook-
and~line technigues can be effective in sampling for some species
of the fish assemblage, but thev are also highly selective
(Chester, et al 1984; Grimes, et a1 1982; Russell, et &l 1978;
High and Beardsley 19703 Munro, et al 1971). Conventional fishing
methods are generally not adeqguate for either direct or indirect
{(i.e., catch~recovery estimators) assessment of reef fish
assembl ages.

Péiﬁmn% and anaesthetic drugs are often used to collect reef
fighes (Brock 1982: Smith 1973 McFarland and Klontz 1969). The
mein advantage of these technigues is theat theyv sample small
cryptic and nocturnal fishes usually missed by other techniques.
Al though unpredictable in application and difficult to control in
studies of large areas, poliscons, and to & lesser esxtent
anapsthetices (Sale 19803 Sale and Dvbdahl 1978), are & good, non-
selective technigue four wee within enclosed, discreel samples
(FBrrock 1982 Russell, et &l 1978; Smith 19773, The maior
disadvantages of these technigues are that they are not suitable
for sampling large, continuous reef systems and they remove the

resident fauna.
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Explosives may be the most non-selective and accurate method

of collecting reef fishes. Explosives sample instantanecusly upon
detonatlon, and the ares sampled can be guite accuwrately

defined (Talbot and Goldman 19743 Talbot 1945). The inability to
sample fish with absent or poorly developed swim bléddara
(hlennies, eels) introduces the most bias to explosive sampling.
Water claritv, depth, and the availability of an adeguate number
of divers to collect fishes following the explosion impose
Yimiting conditions on the use of explosives., The most cbvious
drawback to explosive sampling is that it permanently destrovs
the subiect fFish fauna and can damage corals and other

macrofauna. Net o mentwn fona forn G200 deviroafeee

Remote observation technigues involving the wse of movie or
closed—-circuit televigsion cameras deploved from vessels or
carried by divers have been used to estimate abundance in reef
fish aszsemblages (RBoland, et al 1984; Thompson et al 19823 Fowles
and Rarang 19807 Alevizon and Brooks 1973 Smith and Tvler 1973).
The principal advantage of such techniques is thalt they supply a
permanent record of the observed fishes without destroving the
fauna sampled. Remote observations dependent on a vessel for
deplovment of the agear are limited by ses stalte conditions,
although the use of divers can reduce this problem. Camera
resolution, light levels, water clearityv, and depth limit the
effectiveness of remote cbhservations. BRilases mavy be imposed by
the attraction or avoidance of some species to the gear and the
inabkility to adeguately sample small and crvptic fishes (Russell,

et al 19783 Alevizon and Brooks 1975).



Direct visual observations by SCUEA divers have been used
most often in the studies of reef fish assemblages (Kimmel 198%5;
Rohneack 19845 Brock 1982: Sale and Douglas 1981 Ogden andl
Ebersole 19813 Anderson, et al 19803 Jones and Thompson 1978;
Jones and chase 1975 Sale 1975; Chave and Eckert 1974; Hobeon
1977, 19743 Brock 19%4), Although there are & greal variety of
specific technigues emploved, all rely on diving observers to
identifv and record fish species observed in a predeftined area
(trangect and point counts) or period of time (rapid visual
assesament technigues).

Currents, water clarity and depth, fish species richness and
densities, substrate complexity, diver familiarity with the
fishes, and number and size of the sampling units all affect the
accuracy of the visual technigues. Riases are induced by a
tendency to undarsamplé small, cryptic and nocturnal species
(Brock 1982), identification, counting, and recording errors
(Russell et al 19785 Rrock 1904), attraction and aversion
reactions of some species to the divers (Chapman et al 1974), and
species differences in territory, home-range, life history
patterns, and behavior (Russell et al 1978). Repeated sampling
over relatively large areas and duplicate or repetitive counts by
observers may reduce the variability assocliated with these errors
(Bale 19803 Russell, et al 1978). The advantages of visual survey
techniques are that they are non-—destructive, allowing repeated
gampling of the same gite, and are relatively cost-effective.

Given the constraints inherent in working in a NMational

Marine Sanctusry and the goals of this project, a direct visual
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technigue wtilizing diver-—-operated underwater video cameras wag
devised for use in the survey. The likelv effecte of possible
sources of biag and their potential effects on the accuwracy of

survey results are discussed elsewhere in this report.

Z.0  Stratae descriptions and preliminary site selection,

Grav' s Reef Mational Marine Sanctuary encompasses nearly 17
souare navtical miles of ocean bottom. The bottom subtrates
have been described originally by Hunt (1974), and more recently
by Henry (work in progress). RBottom substrate types can be
aressly divided into areas of sand, live-bottom, and ledge
habitate. Additionallyv, each of these substrates can be divided
into numerous. distinct micro-habiltats.

Freliminary work at GRNMS (May 1-2, 19850 included 9 dives
to investigate substrate type and associated fish fauna at
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selected sites in the sanctuarv. Approximately 30,000 mh of
hottom were covered during these swveyve. There appeared to be &
distinct assemblage of fishes assocliated with each of the three
agross substrates types (Table ). Previous investigators
have defined distinct live-bottom habitats on the basis of
relative percent epifaunal and alpal cover (Nicholsaon 1980, Hunt
1974). These dietinctions are meaningful, but the preliminary
surviey at GRNME and other data made available to us by the
Georgia DNR (Hudson 1984) indicated that live-bottom habitat may
vary considerably in algsl and macrofaunal cover on a relatively
short tempeoral scale. Seasonal changes in temperature and ambient
light levels aftfect algal biomass. Storm suwrge can move sand to

cover up previously abundant macrofaunal stands or expose



suitable substrate for larval colonization. It would be difficult
or impessible to select live-bottom study sites which would not
vary congiderably in cover density over the course of this study.
For these ressons we can realistically only consider all live-
bottom substrates as a discreet unit. The influence of within
strata variations in microhabitat can be minimized by covering
relativelv large areas of each strata per sample.

The strate used in the swvev and their approvimate
proportional area (calculated from Hunt 1974) within BRNME are as
tollowss

Sand: monotonous sand or sand/shell bottom with the
anly bottom relief provided by sandy swales) occasional (4 17%)
algal,. macrofaunal, or rock irregularities in sand of 5 to
greater than 25 cm depthp approximately 1B% of BRNMS;

Live-bottom: approximately 185% to 79% of bottom covered
by algal or benthic macrofaunal biomass; little or no vertical
reliefr sand of 1.5 to 25 ocm of sand over rocks approdimatley &HOU
of BRENMS;

l.edge: distinct rocky ledges of 10 to over 200 om
vertical relief and asseciated rock bottoms covered by O to 7.9
cm of sandy generally heavy (3 50%) algal and macrofaunal covers
approdimately 24% of GRNME.

The Loran C coordinates for 36 potential study sites on
sand, live-bottom, and ledge substrates were randomly selected
from & a pool of 76 locations defined by owr preliminary survey
and existing Georgia DNR date (Hudson 1984, Nicholson 198%)

(Table 1).
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1
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2.0 Species abundance

A preliminary suwvey of the fish assemblages on sand, live-
bottom, and ledge habitats was conducted at GRNMS May 1-2, 1985,
A total of eight 22U to 20 minute transects were swum by divers
familiar with the fish fauna. During each dive both divers
recorded substrate tvpe and fish species encountered dwring
sucoessive Seminute sampling intervals. The eight dives vielded &
total of 58 S-minute sampling intervals: 23 on sand, 8 on live-
bottom, and 28 over ledge substrates. The rank abundance of fish
gpecies based on frequency of occurence in sampling intervals is
given in Table 2.

A speclies/time cuwrve for each strata was developed from this
data (Figure 1). The curve represents the mean cumulative number
of species observed as & function of the number of cumulative
B-minute time intarQals sampled. The mean species number was
calculated from I random runs throuagh the total sampling

intervals available for each strata.
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Table 2. Rank abundance of fish species by frequency of

>

ococurence in 5 minute intervals for sand, ledge

and live-hottom strata,

listed by descending ranks

Quientific

Sand

round scad
pearly razorfish

juvenile A
Inghore lizardfish
lined seahorse

Slippery Dick
hlenny C

names given in

Live-bhottom
black sesbass
Slippery Dick
round scad

sand peroh
belted sandfish

W aBEe M

sheepshead
blue aochy

seawesd blenny
longspine porgy

southern stingray

HCamp

sharhksucker
red snapper

10

Mawv

-2, 1985, Fishes
spaces seperate ties,
Table 4.

ledae

black seabass
spottail pinfish
Slippery Dick
belted sandfish
rouwnd scad

cubbvu

tomtate
sheepshead

Gad
iwvenile B

wirasse A
planehead filefish
great barracuda

seaweed blenny
greater amber jachk
Atlantic spadefish

nuree shark
whitespot.,soapfish
red porgy
longspine porgy
redlip blenny
iuvenile A

jackknife-+ish
blue angelfish

hlue goby

highhat fish
cocoa damselfish

sCcrawled trunkfis
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Figure 1.

Species/time curve for preliminary survey, May-1985.
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Ledoe habitates were most diverse with all 32 apecies observed
after 25 of 28 sampling intervals, 97% (31 of 32) observed
in 20 intervals, and F1% (29 of 32 were observed after 10
intervalg. On live-bottom habitates all 10 species were observed
aover 8 intervals, with S0% of the species observed after only S
intervale. Sand habitats were least diverse, vielding 7 species
in 22 sampling intervals, with 8&6% (6 of 7). observed after 10
intervals., These date were used to estimate the total sample size
nesded teo adequately describe the fish assemblage in each strata,

and to allocate sampling effort to the strata.

4.0 Allocation of sampling effort to strata.

In & stratified random sampling design the variance and the
area of each stratum is used to allocate the sampling effort
among strata (Steel and Torrie 19800, Commonly the variance is
associated with estimates of mean population size of a particular
species within each strata. At GRNMS the focus of the study is
not & particular species, but rather a multi-specles assembl age.
For this reason we chose to use species richness as a rough
estimator of the variance associated with mean number of
individuals of each species in all strata. Although the
relationship between species richness and total variance is ot
clearlyv defined, even rough estimators of variance usually  are
adequate for allocating sampling effort (Steel and Torrie 1980).

Because the sample size of ow preliminary survey on live-
bottom habitat was roughly 1/3 the number of intervals available
for sand and ledge hahltats, we extrapolated the live-bottom data

(10 species observed in 8 sampling intervals) to a theoretical



sample of 25 sampling intervals., On both ledge and sand habitate
approadimately 719 of the toltal species observed were encountered
after B sampling intervals (Figure 1). We assumed that
relationship for the live-bottom data and calcoculated that we
would have encountered 14 species if we had 2% sampling intervals
availabhle., Prior experience by both investigeators suogests this
is & reasonable approximation.

Lging the equationdy
K
n o =n {N %8 /(& (N X 83
K ezl

where n  is the number of sampling observations allocated to

b
strate k., n is the total available sampling observations, N is
k
the area of strata k, and 8 i1 the square root of the number of

k
species observed in each strata during the preliminary survey, we

allocated sampling observations to each stratum. A maximum of 40
observations (dives) are available ering each survéy period.
During the first suwvey perlod (August 198%5) 14 dives were
scheduled on ledoe, é& on sand, and 20 on live-bottom strata.
Results of the first survey will be used to modifyv the
allocations if Nnecessarv.

In any quantitative assessment of reef fishes, it is important
to assess the minimum sample size needed to asdequately describe
the fish fauna (Sale 1980),. The species/time cuwrve (Figure 1)
indicates that 192 S-minute sampling intervals (PS5 minutes ) were
suwfficient to observe at leaslt 99% of the total species recorded
in each strata duwring the preliminary surveyvy. As the 40 dives
availahle for each swvey are limited to a madtimum of 20 minutes

of bottom suwwvey time per dive, the sample allocation allows a



total of 280 minutes of survev time on ledge, 120 minutes on
sanc, and 400 minutes on live-bottom habitats. The data indicaete
that given the constraints of the swvev technigue, the sampling
effort available should be more than sufficient to obtain an

almost complete census of the species present in each stratum,

=, 0 Summer survey, 1985,
The firet reef fish swvey at BGRNMS was undertaken 8/14 -~
21, 1985, Because underwater video equipment was not available
during the preliminary survey, this first complete suwrvey
neccesarily served as an initial test of the suwvey equipment and

L O e chures.

9.1 Methods.

In each stratum study sites were selected randomly from the
pool of available sites. Each site Qas surveyved b; two
consecutive transects. Three sites within the sand stratum
(numbers B8, 3, and 10), eight within the ledge stratum (4, 7, 1,
9, 3, R, S, and 1), and 9 sites in the live-bottom stratum
(11, 9, 2, 3, 12, &, 10, 1, and ). All survey worhk was
completed between the hours of O30 and 14630,

At each smite & marker bouy was deploved from the R/V Raghvy.
The dive teams used this marker as the beginning point of the
transect. Each dive team consisted of & diver operating the video
equipment and a diver towing a surface bouy and recording
selected species sighted on a slate. The dive team swam a twenty
minute transect heading with the prevailing current. During the

o
rransect both divers recorded all fishes seen along a 180 arc
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perpendicular to the direction of travel. At the termination of
the transect the surface bouy was anchored, & secchi disk was
used to estimate horizontal visibility, and the water temperature
wae recorded.

During each transect swim the R/V Hégby approached the towsd
bouy &t & minute intervals, recorded the Loran-C coordinates, and
plotted its position. The final position of the bouy was recorded
at the end of the transect. The plots were used to
estimate transect length and to calculate distance covered duwring
each % minute interval. The transect distance and visibility
extimates were used to estimate area suwveved by each transect.
Future work in this study will attempt to develop estimates of
specles-specific visibility as a function of horizontal secchi
dish viﬁihility.;>7&gﬂ gééflh%brﬁuf

The videotaped transects are .to be viewed in the laboratory
to estim%te the number of each species seen by area surveyed and
by nccurénﬁe within each 5 minute interval. The data will be used
to estimate within strata mean densities., At this time only a
preliminaty (gviaw of each tape has been completed. The actual
analysis will be quite time consuming, as a frame-bv-—frame

viewing is neces

g is necessary for accurate counts of much of the recorded
Ti&?ﬁiﬁlf A posteriori tests of species-specific distributions
will aid in developing the correct estimators of mean densities.
Analysis of percent similarity indices (Sale and Douglas 1981)
will be used to determine the precision of the survey technigues.
=

Figh counts by S minute intervals obtained from the recorded

tapes will also be used to develop estimates of abundance using &
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recentlyv published visual fast count technique (kKimmel 1:;%3, and

-
-

compare the relative effectiveness of both prmcedureai///

Future work will be undertaken to attempt to compare
PRV 2=
estimates obtained by the video technique with & poison or// éﬁizg
explosive technigque, This work is scheduled to be conducted at

Beaufort, in habitats similar to those of Grav's Reef, where

regulations do not prohibit the uwse of removal techniques.
.2 Results

Transects wWere completed at two sand, %5 live-bottom., and 8
ledge sites (Figure 2. Three transects were aborted due to
egquipment malfunctions. Beveral transects covered more than a
single habitat type. Live-bottom sites often included sand
habitats, and two ledge slites turned out to be entirely live-
bottom. Two additional ledge sites were selected for study during
the survey period. these sites sre identified és L7R and L12R in
Figure 2. A preliminary viewing of the taped data indicate that
150 minutes from B seperate sites were recorded over ledge, 240
minutes at 12 sites were recorded on live-~bottom, and 110 minutes

at 7 different sites were recorded on sand substrates.

Wit He o = o
| FRIL O &7 2

) Z'/ 7
’edbeWNﬁa

10En H, Z; . . .

,hwﬂ4ﬁm« hen the video eqguipment was temporarily disabled. These
Ll Pyt o F g o e 2

IR et

transects produced rank abundance estimates which are similar

Two dives were devolted to a visual census of ledge habitats

to previous visual census data from GRNME (Nicholson 1982) (Table

).
The plotting procedure used to map and measuwre transects

worked well (Figuwre 3). The plots will enable us to sub-divide

gach recorded transect into aresa (and time) spent over each

14



strate during transects which covered more than & single strata.
Althouah time was lost during thie first suwrvev due to a
lack of familiarity with the video eaguipment and some unexpected
eguipment failwes, the procedures proved usable. The taped data
is now in the processe of analveis. We anticipate that some
modifications to the video survev technigue will be made in
the next (November 19810 survev.
Table 4 lists all +igh species observed te date in sand,
ledoge. and live-bottom strata. Although this list does not
include a complete analysis of the August videotapes, it includes

some likelv first sightinge for several species at GRNMES,
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Figure o Locations sampled at GRNMS August 14 - 21, 1985. S is sand,

. L is_ledge, and B is live-bottom habitat. Loran-C Tocations
aftunelt L /are hste\dAm /the text.l v "~ : y . p 31:25.21 +1.
: . &
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Table !

Rank abundance of fish species observed on ledge

habitat in GRNMS,
per 20 minute visual
1985, and mean number
(n=30) (July &9, 1982,
Scientific

Fighes are listed

are bhased
transect
(e

data
names of +ishes mav be found in

Rarks

on mean number
(n=2) (August 1é&.

10 minute point count
from Nicholson 1982),

Table 4.

in order of decreasing abundance,

spaces seperate tied ranks,
August 1980 i

round scad

tomtate
spanish sardine

Slippery dick
bBlue runner

blachk seabass

helted sandfish
longspine porgy
spottall pinfish
greater barracuda

whitespot. soapfish
aag
wrasse A

cubbyu
cocoa damuelfish

doctor+tish

Jackknife—fish
twospot cardinal fish
planehead filefish
sandperch

highhat +ish
surgeon fish

red porgy
scrawled cowfish
bar jachk

July 1982

round scad
tomtate
Slippery diuck
spanish sardine

black seabass
spottail pinfish

Atlantic spadefish
belted sandfish
cubbyu

longspine porgy

southern sennet
twospot cardinalfish

g&ag
sandperch
red goatfish

pinfish
whitespotted soapfish
greater amberiack

planehead filefish
northern sennet

sheepshead
red porgy
painted wrasse
crested blenny

sCcamp
great barracudsa
sCUp



Table X, continued:

! August 198% ] July 1982

gray triggerfish
gpanish mackeral
vellawtail reetfigh
Carolina hake

bar dack

seawesd blenny
whitebone porgy
spotfin butterflvyfigh

red snappet
serawl ed cowfieh
southern flounder
cocona demsel fish
spotted goby
pearly razorfish
almaco Jack
DCERn BN Qeon
knobbed porgy
Beaugregory
lizardfish

v S 1011 UM B S Sn A S S PR bE e S AL BB SO SR S0 PSPy e M Mo RS I P Lt P M s i M S ME USRS BN S AR S SBE] AREY SIS SSRS R M Ve S M S R S0 ite DT SO MRS St PN ML SR AU S e



Habitats:

Table 4.

Fish species observed to date at GRNMS.

sand (5, live-bottom (LRY, ledge (L), and pelagic (F).
Specd s ; Common Name g Ly L F
nurse shark ¥
shark ¥
southern stingray L8
unidentified snake eel ¥
Spanish sardine ¥ L S S
inshore lizardfish *
68 0 6 longiaw squirrel fish X
Hippocampus ere lined seabhorse % ¥
Sphvraena b areat barracuda LS SR
Centroprisgtes black seabass * X %
C. oUvurus bank seabass ¥ %
€. philadelphica rock sesbass LI
Diplectrum formosum sand perch ¥ LI
Mycteroperca microlepis qag *
M. phenax BCAMD X
Serranus subligarius belted sandfish L
Rypticue maculatus whitespotted soapfish X
Echeneis naucrates sharksucker LI
Priacanthus sp. bigeye X
Prystigenys alta 7 short bigeye L
Apogon pseudomaculatus twospot cardinalfish X
Pemphetrig sp. sweeper (glassy™) X
Decapterus punctatus round scad L T S |
Seriola dumerili greater amber jack ¥ ¥ x
Carany crysns blue runner L S
Lut janug ep. Bnapper X
Lut janus campechanus red snapper X
Rhomboplites auroreubens  vermilion snapper X
Hagmulon aurolineatum tomtate LI
H. plumeiri white grunt X
H. &p. grunt %
Archosargus probatocephalussheepshead X
Pagrus pagrus red porgy ¥
Lagodon rhomboides pinfish LI
Dipladus holbrooki spottail pinfish X X
Stenotomus caprinus longspine porgy X ¥ X
Equetus lanceolatus jackknife-fish X
E. umbrosus cubbyu *
E. acuminatus highhat fish ¥
Feeudopeneus macul atus spotted goatfish ¥

3
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Table 4, continued:

Species ] Common Name 5 L LW
dipterus faber Atlantic spadefish X X
Chastodon sp. buttertlyfish, juv. ¥
C. ocellatus spotfin butterflyfish ¥
C. medentarius reef butterflyfish ¥
Holocanthus bermudensis blue angelfish %
He cilariss cean angel fish ¥
Stegastes partitus cocoa damsel £ish *
Halichoeres bivittatus Slippery Dick LI S
H. caudalis painted wrasse ¥
Wwrasse A unidentified juv. wrasse ¥ X
pearly razorfish ¥ %
tautog ¥
redlip blenny ¥ ¥
seaweed blenny L S
blenny % ¥
hovering (blue) goby? ¥ X%
goby L]
goby LS
- Bparisoma sp. 7 bucktooth parrotfish 7 ¥
Acanthurus bahianus prean suwrgeon *
A. chirurgus : doctorfish ¥
Scomberomorus maculatus Bpanish machkeral X
Bcorpasna sp. scorplonfish X ¥
Prionotus sp. sea robin ¥
Balistes capriscus gray triggerfish %
Monocanthus hispidus planehead filefish X
Lactophrye schoepfi scrawl ed cowfish ¥
juvenile A unidentified juvenile ¥
Juvenile B unidentified juvenile X

P indicates identification tentative.
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5.3 Discussion

The survey technigue developed here ig similar to the
ariginal underwater transect work of Brock (19854), Brock used set
=0 om o btrangect lines to define hig study sites, but we have
increased the flexibility of ow procedure by using an electronic
plotting technigque to map and measure transects. Without having
to spend avallable underwater time setting and resetting transect
limes, we are able to randomly disperse our stwly sites over the
entire reef svstem,

A major source of unmeasured error in many visual assessment
gtudies has been that of observor error In sighting, identifving,
counting, and recording the subject fauna. In & prior study of
ledge fish fauna at GRNME (Nicholson 1982), five paired divers
performed five counts of fish species and individuals. Although
all divers were experienced at underwater fish surveys and
familiar with the fish fauna, the mean percent similarity for the
five teams ranged from 47%4 to 64%, with & mean of onlvy 57%. This
vbservor error can be reduced considerably by using only one or
two observors to conduct all counts (Sale and Douglas 19803
(Fohnsack and Bannerot in press), but limits on safe diving time
imposed by the depths at GRNME, and the demands of the sampling
regime require six divers per day to accomplish the daily field
work. We hope that videotaping the transects will allow us to
minimze and describe this souwrce of error. A subsample of
recorded transects over all three strata will be analvzed two or
more times, with the replicate analvyses used to messure between

reading and between habltat variance in mean figh counts.



In choosing between transect and point sampling we took into
account the particwlar conditions at GRNME. When properly
applied, the precision of both procedures cam be fairly high
(Bohnsack and Rannerol in preses; DeMartini and Roberts 1982: Sale
and Douglas 1981; Heast and Harker 197&). The limited visibility
at BRNMS might tend to bias point counts for some species.
Bohnsack and Bannerot (in press), indicate that point samples
with & radius of 2 m or less vielded & biased view of community
structure, wunderestimating abundances of 11 of 195 species
observed. The blas introduced with small sample areas was
explained in terms of a reluctance of some specles to approach a
diver closely and a tendency for the smaller samplez to be
affected by highly variable local substrate characteristics.
Tidal currents, frequently in excess of 20 cm/sec, would make it
impossible to remain on point for the 10 to 20 minutes necessary
rto>enumerate the ?ishes present. We developed a random transect
technique which allows us to swim with the prevailing current,
covering 380 to 300 m on each dive. Because visibilites at BRNMS
can be consistently less thanm S m, this technigque has the
advantage of allowing us to sample large areas while consuming
the minimum time underwater. The transects can be analvzed as a
wnit (20 minutes), or in discreet 9 minute sub-units, to eid in a
posteriori tests of distribution of the species observed.

Attraction and aversion responses of fishes to BCUBA divers
have frequently been suggested as & souwrce of possible bias in
visual estimates. Chapman et al (1974) suggested that fish were
attracted to the low fregquency noises produced by the release of

exhaled air, and came to associate these noises with food

b
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Revtaed page
produced as swimming fins stirred up bottom sediments. Bohnsachk
(1983) believes that fishes initially attracted to a diver will
resume their normal behavior i1f the diver remaing stationary.
Powles and Rarans (1980) found that several speclies of South
Atlantic Bight reef and live-bottom fizhes were attracted to a
moving aiver, but tended to remain behind the diver and did not
interfere greatly with transect counts.

Previnum experience led us to believe that most épecieﬁ
attracted to a diver would remain behind their field of vision i+
the diver maintainedla steady rate of progress. Many species
regularly sought by spearfichers (snappers, groupers, porgies)
at GRNMB were not expected to approach closer than 24 m to a
diver. During several transects at GRNME in August a diver
trailed behind and above the camera operator and attempted to
AEBEEE apparent attraction/aveoidance reactinns.af fishes. GBreater
amber jacks, round scad, and souvthern porgy exhibited a distinct
attraction to divers on all transects. Amber jacks and round scad
approached from bevond the limits of vigibility and continued to
gwarm around the camera operator for periods of several minutes.
Round scad remained in dense schoole numbering well into the
thousands per school, Southern porgy circled initially, and tﬁen
remained largely behind the divers, apparently feeding in stirred
gediments. Rlack seabass and Slippery Diche followed divers on
some occasions, generally remaining well behind the field of
vision., Gag first observed at the limit of vigibility, would
occasionally approach to within 3~4 m of the diver and then

follow 4-5% m behind. We feel that attraction/aveidance behaviors

-
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Thae objectives of the study are to develop a replicable
survey technigue for estimating sbundance and composition of reef
fiﬁh communities, to provide baseline data on the distribution,
sbundarce, and diversity of reef fishes of the Grey’s Reef
National Marine SBanctuary (GRNMB), and to develop cfiteria for a
cost~effnctivn monitoring program for continued assessment of

fish abundance and community composition in the sanctuary.

Methods
Tha firast veare work will include on-site work at Grey's Reef taoj
(1) assess species composition of the fish community and select
potantial target speciesy (2) formulate a species/time or
gpecies/area curve which will allow us to determine optimal
gample s#ize and rank abundancey and (3J) describe strata {(sub-
habitats) within the live bottom system at BRMMB. These strata
will form the basis of a stratified random design for surveving
the reef fish community at Grey’s Reef. For a given sampling
effort, a’stratifta& random deaign is virtually always more
precise than random sampling and allows an emphasis on strata
which are least expensive to sample (here in terms of depth and
distance from port). The initial survey (7 davye ) will take place
following the completion mfltha above tasks in late Summér 19835,

followed by Fall 1985, 8pring 1984, and Bummer 1986 surveys.



Progress

Progress since the last bimonthly report 1nc1udesa
% Completion of the stratified survey technigues
¥ Complation of the first summer reef fish survey
at GRNMS8 (8/14-21,/8%) '

¥ acquigition of an underwater vidao syastem by
the Beaufort Laboratory for use at GRNMS

¥ Submission of the first annual project report to
8PD

Overall status
The project is proceeding on schedule. The acquisition of a
video system will insure timely completion of all work at GRNMS.
Coordination with Beorgia DNR has been more than satisfactory.
The Georgia personnel and the R/V Baghy have assisted us in Gvary
way possible, and all field work to date has been run

afficiently.

Problems and proposed solutions
At present, the Beaufort Laboratory is acquiring an
underwater lighting system for use with the video gear. This will
afford increased flaxiﬁility and enhance our video records of th@d

BRNMEB fish fauna.

Wor k anticiﬁnted
The second survey has been scheduled for completion between

11/4 and 11/22/85. This period of time should be ample to allow
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148 the required time at GRNME despite possible adverse weathor

ceonditions.
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