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advent of tho aqu,dung, patented in l9LL3 by Coustaau and Gagnan, 

caused ~2 major revolution i n  man's attempts t o  explore the undemva"cer 

f ront ie r  . With this s elf-contained underwater breathing appratus (SCUBA) 

m a n  gained the freedom of a pseudo-fish, he tlras no longer burdened by 

buZlcy diving suits, helmets, heavily weighted shoes, and entangling air 

l ines,  and he no longer had t o  dqend d i rec t ly  on t h e  atmcs phere f o r  h i s  

air supply, The excitncnt of this discovery song with the  raves of i t s  

supporters created skin div5n.g enthusiasts throughbut the world. 

Vik.i.3.e skin diving as  a sport was e s t a b l i s l ~ ~  i t s e l f  in the United 

States and other parts of "chc -~ol ; iLd~ practical. professional men were 

discovering wide and varied applications f o r  this new diving gear. There 

i s  1i.t-tle need fo r  comaat on t h e  technics tha t  the  U, S c  Navy devdoped 

with t h e i r  frogmen or  on the  exbensive uses t h a t  the sc ient i s t s  a t  Scripps 

I n s t i t u t e  of Oceanography f owtd f o r  SCUBA, 'hlIany aquatic biologists soon 

took advantage of SCUBA in various aspects of research. Limbaugh and 

'Rechnitzer (1955)~ through diving, have visual ly  detected density con- 

t i n u i t i e s  in t h e  Pacific near California, while _FkYmer (1955) a c t u a n y  

sam t h e  t h e m o d b e  i n  .the ocean off IFawaii. Wdkw (1955) was able to 

obsemre an eqerimmtd t r a w l  i n  operation underwater, and IZzsslcr and 

Villcmontc (1953) observed the  dai ly  movement of perch i n  a 1:Jisconsin lake. 

Brock (1954) devised a method f o r  estimating re& f i s h  popula%ions k y  an 

underwater census. These a re  only a fem examples of recently d e v d o p d  
9 

SCUBA technics. 

This paper deals specifically with the uses and applications of SCUBA 

in comiection with Tree underwater ~drmnirmg technics (UST) i n  f i she r i e s  

managanent and r-eacarch. 
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FlXESW'68Tm APPLlCaTIONS Ci? UST IM NDCCHIGAN LAKES 

To investigate the practical. application of UST i n  lake surveys .it 

.mas necessary t o  choose a random sample of lakes f o r  study. It was decided 

t h a t  a number of lakes i n  the  Upper Peninsula, A4i~higa.n~ which were sched- 

uled t o  be sul.vcyed by the I n s t i t u t e  f o r  Fisheries Research during the  

summer of 1955 might be adequate. Born June 20 t o  September 15 t h e  survey 

crew ( ~ e r l c  Galbreth,  h o l d  kizinga, and Don Thornson) surveyed 14 lakes 

in 8 cliff erent counties. Uong miLh the! Inst i tute1 s standard lake survey 

procedures the  survey crew employed underwater diving equipnent i n  an a t t  q t  

to: (1) determine the s u p p l m m t a ~ g  value of several diving technics t o  

lake surveys; (2 )  investigate certain underwater survey proceclures; (3) 

make casual natural  history obaervations~ and (k)  mike comparisons of the 

resul t s  between undertv2t er survey technics and standmd lake survey methods. 

!The study lalces (~ab les  I, 2a,2b) ranged from 39 to 890 acres i n  size, 

with m a i i m m ' d ~ 2 h s ~ o f  ,8 .tio"O Eeb-b, The lakes can be classif ied as meso- 

trophic with a tendency tavards (5utrophriem (welch, 1935). The average 

depth of the  epilinmion was 17 feet. A thermocline mas present i n  most of 

the  lakes, i t s  average thickness being 6 f e e t ,  mith a lower l imi t  averaging 

24 f cet. The average m e u r n  depth at which oqgen was l e s s  than b ppm was 

20 feet. The average methyl orangs dllcalinity a t  the bottom mas 38 a3ld the 

average pH of the  surface waters was 7.5;. The SeccM disc reading of t h e  

14  lakes ranged from 4 t o  18 feet, and the water color varied from colorless 

' t o  l i g h t  brown. 

Since water transparency i s  an obvious l imiting factor  i n  undemvater 

observations it was only possible t o  employ UST succcssfull;~r i n  %host W e s  



It 
tvhich had a Secchi disc reading of 10 f e e t  or more, on i n  11 of the  14 

lakes surveyed, A limited amount of diving was feasible  i n  5 l i g h t - b r m  

colored lakes. Only one Xalr..e, Bnfinb: sake, Gogebic Co., was too turbid t o  

allm any diving whatsoever. fiowever, due t o  weather conditions and t he  

a.mow1.t of time a l lo t t ed  t o  each lake by the survey schedule, data ceuld 

be collected from only 7 of the lakes. 

Sight Identifications 

It was r e l a t ive ly  easy t o  identiry most of the f i sh  encountered under- 

water, with the possible exception of some of the minnows, The major pro- 

blem, which was overcome? through practice, was estimating the i r  sizes. 

Soon a31 svimmers were able t o  estimate t h o  size af at l e a s t  the game f i s h  

t o  the  nearest inch, Table 3a s m a r i z e s  the f i s h  t h a t  were %den"cfied 

underwater by lake,' casnpaYling these with t h e  f i s h  collected with survey 

methods ( g i l l  net, seine, rotenone, etc,), noting the  unit e f for t  i n  each 

case. 

The f i s h  most; frequently hi5idesntified 'Dy the mimmers were some of the  

minnows of the genus Notropis, and it i s  l i k e l y  t h a t  some species of that 

genus were wrongly ident i f ied as  SIN. cornutus, Certain darters of the  - 
genus Etheostom were missed by t h e  smrrlmmers, probably because l i t t l e  

d f  o r t  was mda  t o  search the  bottom among the  rubble and deadheads i n  %he 

very shallow water, a favorable habi tat  f o r  darters, 

Although north- pike were present i n  fair numbers i n  4 of %he 7 ldces 

studi ed, pike were spotted underwater in only dne of them, &st of the 

mimmbg was done in shallow weedy areas of the  epilimnion where one might 

.expect to f ind  pike. O f  the pike observed in lbnacle Lake, none were larger 

than 20 b. and %hog were re la t ive ly  easy t o  spot and approach. Perhaps the 

larger pike seek deep cool waters i n  the da;ythe moping t o  the sh j l lms ,  
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where! observations were concentrated, only t o  feed, 

Bullhezds mere rare ly  seen i n  the  daylight hours when most UST 

observations were rnade, although they were re la t ive ly  numerous vhen sought 

a t  night with the  a id  of an underwater l ight .  

Wblleyes were occasionally seen jn t h e  daytime near the  dropoff s, but 

such sight records were infrequent and probabzy accidental.. 

The remaining f i shes  which include the basses and sunfishes, the perch, 

ancl the  S U C ~ W S ,  were readily observed i n  tho shoal areas and easily identified,' 

K t h  reference $0 Table 3a, it i s  apparent t h a t  the t o t a l  number of 

sepmate observations and the amount of time spent underwater are important 

t o  a re l i ab le  u n d e m t e r  su"vey of f i shes  present, In the l a s t  3 lakes i n  

Table 3a, IvIcKeevcr, Grassy and Kingston, where a t o t d  of only 8 hours 

(average 2.6 hrs./lake) was spent diving, a known total. of 1 7  s-necies was 

not seen by t h e  divers, whereas g i l l  netting, s e h h g ,  and rotenone missed 

only 3 species (identified the  divers). In t h e  f i r s t  4 lakes where a 

suff ic ient  amount of time was spent underwater (b@ hrs.) with a n  average 

of 10 hrs ./lake, a t o t d l  of on ly  9 species was missed, 7 of these wore 

ndnnovrs d i f f i c u l t  t o  ident i fy  in tho field. However, it must be empksized 

again t h a t  the re  was no intensive ef for t  t o  search f o r  the small forage 

fishes. Neverthaless, on the credi t  sidc, divers recorded 7 species that 

vscra not collscted by conventional survey gem* 

The Yalue of UST i n  species l i s t i n g  i s  summarized i n  Table 3b. The, 

data in t h i s  table indicate  that UST as applied* i n  t h i s  investigation 1s 

not suff ic ient  in i t s e l f  t o  provide a vdlid surirog. of the species present 

i n  a given body of water. However, it has defini te  value as a supplementary 

technic as demonstrated by the species tha t  were not collected by fishing 

g e m  but were seen and posit ively ident i f ied by divers. 



Observed Distribution and l h v m m t  of Game f i s h  

Diving gear  enables one t o  loca te  and make'dircct obscmations on schools 

of f i s h  i n  v ~ o u s  depths and places* During the swnmer,the 3 divers made 

59 indivriduaJ- observations with an average durittion of 53 minutes per 

observation f o r  a combined t o t a l  of 3,150 minutes undenvzter. Wst  of t h e  

diving took place .in water from 5 t o  15 fee t  deep where the  only necessay  

equipment was vJim fins, a face  ask and a snorUe. Depths of 15 to 30 

f e d  tvere investigated with the aid of the Scott  E@lro-pak. 

The region most .I-ntcnsiv&Ly surveyed rvzs tha t  layer of the epilimnion 

which had contact d t h  the bottom. This included most of the shoals, t h e  

shoreline a d  the c'ropoffs. A rubber s u i t  mas required f o r  excursions in to  

the  thermocline o r  hy-polinnnion; however descents in to  these layers were 

both infrequent and  inp productive. 

Centrarchids. There appeared t o  be no correlation between tmperature 

of the  water or  depth with the locations of centrarchids i n  the  epilimnion, 

but it was apparent t h a t  shelter was an important factor  i n  the i r  horizontal 

distribution, Smalhouth bass and .rack bass m e  almost al~rvays associated 

6-bh deadheads and brush pilings. Lwge schools of .'rock bass and immature 

smallmouths were f requml;ly observed together under the  shel t  cr of f a l l e n  

trees and logs. Likcwi.sc, adult smallmouth bass, estimated from 1 t o  4 
poui)ds 5.n weigh%, were commonly seen under deadheads near the shoreline and 

along the  dropoffs. 
9 

XLue@lls, pumpkinseeds, and largemouth bass were regularly observed i n  

regions of abundant vegetation. BLuegills and pumpEdnseeds were infrequently 

s e m  bea r  deadheads, however, largemouth *assz would usc deadheads f o r  cover 

Sf ernergat vegetation was lacking. 
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almost a l l  of the lakes sumrgrd. Fern largo indivtduals  mere seen in tho 

shoals but gill n e t t k g  indicated that  more were present in deep water. 

Bullheads were never observed &ring the day but  were q ~ t e  commonly seen 

a t  night,whXLe the invesLigatox was m m n g  with -the aid of an underwater 

f lashl ight ,  All of the remaining fish, ~vhich include the minnows and 

da ters ,  were abundant i n  the shallom water and were not -oberved at the 

bottom in waters doeper thm 5 feet. 

P r d t  Lake i s  a circular single bada7bke  24-acres i n  sise with poor 

shoreline developmemt and -very sparse bottom vegetation. Brush shelters 

- for  f i s h  had been installed a few years prior to o w  survey, To determine 

what fish, if any, were using the  shelters, 1 2  selected brush shelters were 

marked pjith s a d 1  miram buoys and were checked daily f o r  a tvaek by a diver 

using a face-mask and snork3.e. The only fish using the shel ters  were 

smallmouth bass, although there ware yellow perch, bluegills and suckers 

kn the lake. A l l  of the snallmouth bass, with the  exception of the young 

of t h e  year, thz t  were counted a t  the brush-sheltar stations are l i s t e d  

in Table 4. 

The $btXLr-numborlof: ..b&s,lobs erved on aac h complete circuit  of the 

brush shelters decreased steadily 1~5th repeated counts from day t o  day 

wMle the  number of bass seen betveen shelters appeared to increase, 

although no careful counts mere made of these wapdering bass, It appeared 

t h a t  the bass were disturbed by the  presence of the divers mcl either swam 

away when t h e  &er approached o r  temporarily avoided using the brush shelters. 

Fish Counts in Michigan ~ a k e s  --- - 
It 5 s  beyond %he present methods of fishery .science t o  obtain a re l i ab le  
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indm of population estimate of a lake in a period of a f m dap .  An 

oft used substitute, however, i s  an estimate of re la t ive  abundance, In 

lake surveys this i s  accomplished by g i l l  net settings, seine h a d s ,  

casual observation and hook and l i n e  fishing. None of these methods i s  

adeqnate in i t s e l f  since each is select ive Tor certain species. 

The SCUBB method of estimating re l a t ive  abundance is. a f t sh  ccxlnt by 

direct  observation, Counts of this ty-pe were performed in most of the? lakes* 

surveyed. Although the count was  &biased ;it was not a t  random since shoals 

to be -ti.aversed were chosen by the  swimmer beforehand. T h j s  was  done 

because it was desirable t o  count .as many f i s h  as possible i n  a short period 

o f  tine, Promising spots were given pr io r i ty  over seemingly s t e r i l e  ones. 

fiamaver, this should not make a difference i n  a re la t ive  abundance estimate 

as it w m l d  in an absolute nopulation estima-bc. 

All couvrts were m a d e  with the  a id  of a divine; mask, a pa i r  of fins 

and a siiorkle. Rough surfaced p las t ic  c a d s  were employed i n  pencil 

tabulation of t he  data tirhile undertvater. The swimmer mould mrirn at the  

surface of water 2 t o  15 f e e t  deep, diving toward or  t o  the bottom if  

necessary t o  make an observation, The majority of the  counts w e r e  executed 

along the  dropoffs ~ 6 t h  the exception of expansive s h o d  areas i n  1bnacle 

lake, and among brush shelters in Prat t  and Ice  lakes, 

U s e f u l  in terpretat ion of the  coun-b i s  possible only i f  the  assumption 

is  made t h a t  the  shoals 02 t he  epilimnion (where the count was  cmcentrated) 

are the  habitats of t h e  species of f i s h  included in the count, ThereforeJ 
I 

coldl.rater f i s h  like t rout  and ciscoas arid nocturnal f ish,  like? bullheads 

and ~ ' ~ d l e y e a  can not be included. 

E t h  the  basic assumption tha t  the a e a s  chosen f o r  counting are re- 

presm-bative of t h e  f i s h  habi tats  of the  lake, it i s  possible t o  equate the  
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counts to a u n i t  of e f f o d  and t o  compare t h m  with other estimates. 

Since fheaverago time spent i n  the  water at, any one time was $-how, 

the  counts w i l l  be averaged at a $-hour un2t t h e  . The ,of U net  s e t t k g s  

(exTerimen%al mesh) were overnight anand were standard net s&s, t h e  catch 

being tabulated using tho g i l l  ne t  indndwr, catch/l00 ft./24 hrs. (lbyle 19k9)9 

with t h e  substitu%ion of 125 ft. g i l l  nets  instead of 100 f t ,  nets. A 

campar.ison of the g i l l  ne t  catches d t h  diving obsmva.tions i n  3 1;tkes 

comprises Table 5, 
It has been sho7,m tha t  gill nets  are very effective in s q l i n g  ye3.3-rn 

perch, northern pike and walleyes (carlander 1954), but it also i s  kno~vn 

tha t  g i l l  ne ts  are poor gear f o r  sampling cmtrarchid populations, especially 

t h e  black basses, Thus it can be expected that  relative estimcztes of bass 

abundance rill be e r ra t i c  and inaccurate from lake t o  lake i f  .samr?lcd by 

gill nets, ~rrkile similar estimates of yellow perch popfiattons would. be more 

reliable.  For cxanqle,.t;ho most abundant f i s h  i n  bbnacla L. was .the yellow 

perch and tl.1S-s Mas borne out k y  both g i l l  net  and UST. Second i n  abundance 

was the rock bass vrhich likewise checked out i n  both methods. The white 

sucker ranked even with the  rock bass  i n  g i l l  net  c a ~ t m e s ,  but g i l l  nets 

a r e  much more eff ic ient  for suclcars than f o r  rock bass. US% l i s t e d  the 

smallmouth bass third,  whereas g i l l  nets  h d i & e d  tha t  the walleye was 

next;. Here we have a s i tuat ion where the walleye is susceptible t o  gill nets 

and infrequently seen by divers, whereas the smallmouth bass i s  vice versa. 

liz Petos L. r e l a t ive  abundance estimates by t h e  two methods we ayle c m -  

paring disagreed completely. Tha g i l l  net resul t s  had smal1.outh bass and 

t h e  wh;ita suckers as  the two most abundant f i s h  jn the lake, vhereas UST 

showed the  yellow perch and t he  rock bass t o  bo present in re la t ive ly  

greater numbers. The great number of smallmouth bass (39) caught i n  g i l l  

nets, an unusual occurrace, accoutlted f o r  %his discrepancy in part. However, 



weed bed i n  t h e  lake, This area was traversed more than once and repeated 

counts may have biased the  estimate. 

Since there i s  no pract ical  way of checkLng these estimates %he data 

must be evaluated subject.ively trying t o  determine the  l imitations of the  

technics employed. First, the mast import a n t  consideration i n  executing 

underwater fish counts i s  choosing good representative counting siaes. 

Second, it i s  desirable t o  establish a m i n i m u m  l i m i t  on the  amount of time 

necessary t o  obtain a re l iab le  estimate. This was not determined during the 

survey, but could be determined experimentally in la rge  hatchmy ponds with 

a known f i s h  population. Third, time of the  day a d  season of the  year are 

important factors. There i s  need f o r  more study on the effect  of weather and 

available l i g h t  on t h e  movement and locations of species populations. 

Since most of our os unts were carried out with only a snorMe, the depth 

a diver could a t t a i n  and accurately count f i s h  was severely limited. 

&ever, this may not be as ssrious -a -defect' a s  5% sseans since oxygen dropped 

off rapidly a t  20 f e e t  i n  most of the  lakes and the  greatest  areas habitable 

t o  f i s h  during the survey season were i n  l e s s  than 15 f eaf of tvatcr. It 

was not d i f f i c u l t  t o  approach and count the  f i sh ,  on the  contrary, many 

of them vrerc curious and swam out from the i r  hiding places t o  inspect the  

$ ~ ~ z i i n g ,  UST appears t o  be applicable with a reasonable degree of 

accuracy t o  counts of 1 arge and smallmouth bass, bluegills ,  pumpkinseeds, 

rock bass and yellow perch. Underwater counts of vrallgres, northern nike 

and w h i t e  suckers have not been successful in t h i s  study. 

Sp emf i-g 

Saltwater skindivers have shown the  underwater spear gun t o  be a deadly 

weapon against many species of fish. ~ - : & e  of t h i s  gear in  fresh water has 



been sommhat limited, although it has been used by f ivers  f o r  rough f i sh  

c ontrol in c ert a3.n designated waters . Michigan however , t o  t a l l y  pr obibi t s 

the use of any mechanically poavered speargun i n  i ts  i n l a d  waters and the 

Great Lakes. Consequently, l i t t l e  i s  k n m  about the effectiveness of the  

To determine the  eff cciency and effectiveness of -the speargun as a 

collecting too l ,  o r  as fishing gear, an ~~f~:eil;eil;&~~ single strand rubber 

propelled speargun was used* Tho.d&vers, who had no psevtous experience 

with spearfishing, kept comt of %he nmb.ers of times they wf.fredil t h e i r  

guns and t h e  number of fish theg kil led.  The kill by t h i s  means i s  s m a r i z e d  

as follows : 

Number of fish Species 
speared (inches 

Larg cmouth bass 
Smllmouth Bass 
muegms 
.Pump~seeds  
Rock bass 
~ c n m  porch 
w a e y e  
Northern pike 
tghi te suckers 
&om bullhead 
- 

The d~.divers k i l l ed  .a total of 67 fish Jn 142 shots h a t o t a l  of 39 tthmtingn 

hours. The time involved is not a% a l l  Zndicative of uni t  e f for t  since 

much of %he spearf'ishing was selecti;qe f o r  l a rge  f ish,  especially bass. 

I;'urthemore, a diver would sometimes c w r y  a spemgun along .while' taking f i s h  

counts and such shooting would be highly for t f i tous ,  

The most effective spearhead was found 60 be &h%?ronged and triangular, 

(a triden*). It worked w e l l  against 1 argc and small f i s h  alike. 

In the majority of the  lakes surveyed the effective range! 09 the speargun 

follawed closely with the  l i m i t  of v i s i b i l i t y ,  a maximum of about 15 f e e t  



horizontally. Rawever, most of t h e  kills were made ~Vithin 10 f e e t  of t h e  

diver. On several occasions f i s h  i~me h i t  with glancing blows and the  

head of the  spew did not penetrate. Other t5mes the spear penetrzted the  

body musculature and the f i s h  was able t o  f ree  i t s e l f  by violent struggling. 

Both such events were recorded as nriss&. 

'Pract3.cally a l l  of the fish encountered were easily apnroached, if the 

diver took care not t o  make any quick motions, For t h i s  reason, it was  

sometimes difficult t o  a i m  the  speargun s b c e  the  s l ightest  jerky movement 

would s a d  the  ta rge t  fish scurrying. k g  times the  fish would s w i m  so 

close $0 the  diver tha t  it was vary a w h a r d  for  the  hunter t o  ge t  i n  position 

f o r  a shot;. This happened quite frequently while! hunting b areas of dense 

vegetation or brush pi l ings ,  where Large curious bass often swam wit& 

3 f e e t  of the  diver. Contrasting, in shallow water where cover ~vas  poor o r  

altogether lacking, it was very d i f f i cu l t  t o  get ttrithin shooting range of 

l a r g e  fish. 
, ... - - -. 

The investigations of the  survey par ty  indicated tha t  the &eargun even 

in t he  hands of a novice can be an effect ive deadly weapon agacinst game and 

rough fish alike. Whereas, it may not be pract ical  t o  collect  large qum- 

t i t i e s  of fish in this manner, the  speargun can be a useful too l  t o  a biologist  

when on l y  a few f i s h  a r e  needed in as short  a time as possible. 



ahQRINE APPLICATIONS OF UST IN BEl%lUDA 

I had the o ~ p o r t m i t y  Go investigate t h e  application of UST i n  s a l t  

water li'rhile a t  the Bannuda Biological s ta t ion  during the summer of 1956, 

In a research program directed by Dr .  John E. Bardach and supported by 

t h e  Fkmuda government it was possible t o  do cmsiderable divlng i n  con- 

nection with' research on the  ecology and behavior of coral reef fishes,  

Nfost of the  diving took place on the shdllvi outer reefs north of the is- 

Lands ~nrhere tagging experiments on reef fishes were being carried out. 

The warm water (78 t o  83'3') nade it very comfortable f o r  diving, while 

it$ high transparency ( ~ e c c h i  &sc reading ranged from 58 f t .  close t o  shore 

$0 120 f t ,  beyond the  reefs) provided ideal ahmditicns f o r  undem~~te r  obser- 

vations, 3% i s  possible only t o  mention briefly sme of the many ways in 

which &ring d d e d  & h e  research a c t i v i t i e s  in hrmuda: 

L. Snorkle-equipped divers were needed frequently t o  locate fish pots 

that had been l o s t  among the  coral heads, Divers also freed anchors, 

recovered l o s t  gear, tvlEouled ship propellers, etc, b d  l i n e  fis- 

with a face  p la te  and snorkle aided i n  the  capture of certain fish 

f o r  laboratory experiments. 

2, A group of divers with lungs and snoxkles poisoned a reef with 

rotenone by carrying down cans and jars of emulsified "Fish-Toxu and 

distr ibut ing it throughout the reef. The divers also collected the  

dead f i s h  from t h e  battom, while ~ s n t , r k 7 . a - ~ ~ p ~ e d ~ ~ ~ e r s  helped 

ptck up t h e  dead f i s h  from the surface; 

30   SO Salbot Waterman and Richard Bajnbridga studied, with the aid 

crE the aqualung, the  orientation rnovm-e-nt s of various micro-crus-taceans 

in response t o  polarized l ight .  
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4. Dr. Donald Comb and t h i s  writer collected conchs in de@ sand holes 

tvit;h the  a id  of a hydro-pak. 

5. Dr. J. Basdach a d  this wri ter  took rao77-i~~ and color photos 

respectively of severa l  of the b r i l l i a n t l y  colored coral reef f ishes 

with UST. 

6 ,  Dr. Ho~~a,rd IrVinn and I&, Clarence Smith used the asbalete speugun 

i n  collecting various species of f i s h  f o r  musem and classroom study 

W i n  a d  Srnjth a l s o  collected s m a l l  gobies and blennies underwater 

with the  a i d  of a sinall aquarim net and v i a l s ,  Sgith ea r l i e r  per- 

f octed t h i s  technic 5.n k e r t o  Hco (smith 1957). 

Thera i s  l i t t l e  doubt t h a t  diving gear has become an indtspensible 

too1 t o  m a r i n e  biology, The f o l lodng  pages demonstrate with data an 

important application 03 diving gea.r to marine fishery' 'Eriblogy, 

A Fish Count; on a Coral Reof 
- . I - -  

An estimate of a stamding f i s h  population on a typical. coral  reef was 

required t o  supplement cer tain investiga%ions of the  Bmuda FTsheri es 
* 

Research Program, A sol i tary,  circular reef was chosen f o r  a f i s h  comt. 

This reef was a good representative of the  off shore shallavv seefs around 

Bemuda. It was almost c i rcular  i n  shape and about an acre i n  area, The 

average water depth over its upper surface at high t ide  mas about 8 f e e t  

with a Eoupla sand holes exceeding 20 feet. The margin- ledges Tirere qui te  

abrupt and d r~pped  off  t o  a sand bottom 45-50 f aet  deep. The water was 

quite clear and it was possible t o  sceiIthe b b t t w  i n  50 f e e t  of water  while 

swimmuat the surface. 

~ h t  reef was divided by divers) i n to  8 lanes ranging from 25 t o  30 f t .  i n  
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x k k h  with discarded black electrical. wiring. The wires were ei ther  fast- 

ened d m  by w i g h t s  or t i e d  t o  the  coral, and were marked b;y a f l o a t  a t  

each end, The lanes ran the k d t h  of "ce reef and were 200 t o  250 f t .  long. 

The count was executed ~ u g u s t  26, 1956, with the  aid of some ~ersonne l  

from the biological stakion and two naval. officers,  It was decided that  

the coun-t along the steep ledge of the reef be carried out f i r s t  t o  avoid 

confusion and reduce disturbance t o  a minimum, This count was performed by 

two pairs of divers i n  hydro-paks . One diver took the bottom of the  reef 

ledge (45 t o  50 f t , )  and the  other s r a m  direct ly above hinl near -the bur- 

face of the red. Each diver counted the: f i s h  belollr h i m  and t o  his side, 

k c h  pa i r  of divers s ta r ted  a t  the  same time and place but proceeded in 

opposite directions so as they crossed they counted the area covere?d by the  

other pair ,  For t h i s  count, the  divers were as followst 1st pai r ,  bottom- 

C. Smith, top- H. Kim; 2nd p d r ,  bottom- U h L .  Commander R. Bnerson, top- 

Li-iru-b. Commander La Rosekra~~~~. 

The top of the  reef, count employed four divers with hydro-palcs and four  

snorkle-equripped swimmers, one to accompany each d.iver. Each p a i r  of divers 

si tuated themselves a t  oppdsite ends of the reef and began ~~.plmmin~ simul.- 

tcmeously i n  Lha same direction s o  t h a t  %l~ey would eventually meet and cross-- 

over. The diver was instructed t o  count only t h e  f i s h  ,An his lane and those 

entering his lane from an uncounted lane.. The snorklers would do the same 

and would follow behind t h e i r  respective partners. In this manner t he  ent i re  

top of t h e  .reef would be counted four times. The paired divers were as 
v 

f o l l m ~ s  : Hydro-paks . . , .A- D, Thornson, EL Je , Bardach, C- L, Su%cliff 6, and 

D- W. ~ u t c ~ i f f  e; Snorkles.. . ,A- H, Rim, B- C. Smith, C- R. Bnerson, and 

D- L., Rosekrana, The complete count of t he  ledge and surface of the reef 

i s  l i s t e d  in  able 6. 



A cursory examination of the data i n  Table 6 w i l l  show considerable errors 

i n  the  count of certain snecies. Mbny reef fishes spend most of the day 

hiding in holes and crevices among the coral. These include the rockfish, 

hamlets, hinds, conies, gags, yellow grunts and squirrel fishes, The 

squirrd f ish,  being t he  most nocttlrnal of %he group, remains hidden most 

o f  t he  day and seldom ventures out, & i l e  the  others s tay  BE<^ t h e i r  holes 

and re t r ea t  Fnto than yvhen disturbed, A complete count of such f i s h  would 

be difficult t o  achieve* The grey snapper i s  fond of both shelter and shade, 

but because of its curious nature t h i s  f i s h  was seen quite readily-. The 

angel f i sh ,  doctor fish,  spanish hogfish and parrot fishes are a l l  'herkvorous 

browsers. W l e  the  angel f i s h  dart itlto holes when frightened, they quickly 

reappear and c?ntb~uc browsing. Studies by Esrdach (unpublished) showed 

tihat none of these herbivores move about the  reef t o  any great exl;:er~t, nor 

a r e  t h e i r  a c t i v i t i e s  great ly  disturbed by the  presence of divers, Yellow- 

tail snappers a r e  t ransient  species; The amount of t h e  they spend on a 

given reef i s  not hm. Since they are not secretive in habit they a r c  

readily seen. The remaining f ishes occur En mall numbers and are in- 

significant i n  the t o t a l  count. 

Table 7 compares the: resi i l ts~., :birbain~d by the divers who were comting 

f i s h  along the ledge. A t o t a l  of 15 species were counted but only 8 of the 

commonest reef fishes w i l l  be discussed. Counts of m g d  fish and parrot 

f i s h  checked Ta;i:Pfy-- closely, indicating tha t  these fishes were not driven 

alvay by divers. The discrcpqncy i n  the  bottom count of a school of. doctor 

f i s h  was e i ther  due t o  the error of the observer or to movema% o f  the fish. 

The second counts of tile spanish hogfish and yellow g m t  (bottom) were far 

lower than might be expected. Hoi~ever both of these f ishes live! i n  holes 

and were probzbly hiding a f t e r  being disturbed by the  first divers. Also, 
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since the  y e l l m ~  g m t s  occurred i n  la rge  clusters  the divers may have 

miscounted them. The top and bottom courhs or" the grey sna?pers differed 

both timimes, and coincidently i n  the  same proportion, Since t h i s  f i s h  i s  

curious and w i l l  sometimes f o l l m  divers, t h e  presence of s16mmers m2.y have 

at t racted some snappers from the  surf ace of the reef. The hanilets and hinds 

stayed under cover most of the  time. The count of these 2 sarranids ?ifas 

far lower Ghm predicted by tagging studies. 

Excluding the variety of s m a l l  f ishes,  17 species Irere counted on t h e  

tou of t h e  reef by 8 divers. The c m o n e s t  species a re  l i s t e d  i n  Table 8. 
- "  

"A and B1l were paired divers, as were "C and D" also.  ',Together each pair 

covered the en t i r e  surface of the reef. The counts of one member of each 

pa,ir a r e  conpared ~ 5 t h  the i r  counterparts. 

It becomes evident from Table 8 tha t  considerable error a r i ses  i n  em~loy- 

ing 8 divers. Ehch additional. diver represents an additional-vakLab2e in- 

creasing the  standard error of the smple. 21 Table 9 the counts of each 

dLver are combined those of his partner and are  treated as single counts. 

The combined counts of each pa i r  of workers  able 9) com?are quite favorably 

in the  angelfish, doctor Tish, spmish hogfish .and yellowtail snappers. The 

small differences p a  probably errors in counting or recording. The counts 

of the  other 4 species ( hamle*, hind, grey snal2per, and parrot f i s h )  a re  

too inconsistent t o  be rel iable ,  

The snorlcle vs. hydro-pak counts appear t o  agree i n  the angel f ish,  

doctor f ish,  Spanish hogfish, ha-ilet (one c o d ) ,  and yellowbail snapper. 

The snorkle count xa~as consistently higher than the  count by I-rydro-pak in tho/ 

parrot f ishes,  hinds, and grey snappers, Also note tha t  the  kydro-pall count 

was never substantially higher than the  count by snorkle. A t o t a l  of 263 

f i s h  ware counted by the  snorkle-equipped divers vrhilc the hydro-pak :divers 
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counted o n l y  235. This substant ia tes  but does not prove what k d  been 

expcted, tha t  the snorkle diver s&mmIng at the  surface was abla "c couu-t 

more f i s h  because of the  ~v ide r  range of vision. 

The results of the reef coul t  indicate t h a t  by UST a reasonably accura-be. 

count of a f i sh  population i n  a given area is possible  to a t t &  if thc 

right conditions prevail, if the workers are r e l i a b l e  and properly equipped, 

and if the proper species are chosen and controls  are run, 



The diving gear  enployed i n  thLs study consisted of Scott Hydro-?&s, 

self conta,ined u ~ d e r t ~ a t  er breathing apparatus wiYn a demand-type tvro stage 

regulator, It i s  f i t t i n g  and perhaps pertinent h a study of t h i s  kind t o  

examine t h e  disadvantages and shortcomings of t h e  SCUBA used. Diving 

accessories such as s , d m  f ins ,  masks, snor1-d-es denth gauges, rubber sui ts ,  

etc, were u t i l i zed  in various capaciki6s9 but t h e i r  re la t ive  merits w i l l  not  

be discussed* 

The hydro-pak might be compared t o  a s k i l a r  diving lung of another 

tyrpe, the  "8quaJ.w" o r  variations of it f ~ i v a i r ,  etc. ) In t h i s  discussion 

the t e rn  "aquaJ..ung" will refer  t o  a l l  lungs of t h i s  tme and not necessmily 

the  patented aqualung of Cousteau and Gagman. 

Xt i s  t h i s  mritcrts opinion after having used the hydro-pak fo r  two 

summers i n  both fresh and sat water tha t  this self  contained &-ring lung 

has 1 W t e d  v e r s a t i l i t y  and in many respects compares unfavorably with an 

aqualung, The major objections t o  the hydro-pal< are as f ol lo~rs  : 

(1) The i n i t i a l  cost of the  gear must be given consideration. The 

hydro-pak costs a t  l e a s t  one hundred dollars more thxn any aqualung. The 

face mask of the  hydro-pak is, of course, the  most exoensive item. Et 

is constructed of a good qual i ty  neoprene rubber, but i c n o ~ ~ n g  tha t  rububber 

i s  quite susceptible t o  the elements it must be given careful attention. 

W i l e  it would not be d i f f i cu l t  t o  replace a mask used with an aqualung, 5% 

would be very cost ly  t o  replace a hyd3.o-pak mask. 

( 2 )TKG -A& capacity of t h e  single tank of the hydro-pak hs iSnsuff i c i cn t  

f o r  deep dives and inadequate for sustained work in shallow water. The 

construction of the aqualung allows f o r  two or  three exbra tanks, t h e  

present hydro-pak can only f i t  one exbra 



(3) IWle  the  harness of the hydro-pak i s  s n p e ~ i a r  t o  most harnesses 

used with aqualungs the hydro-pak diverts  freedom of movemsn"cs restrained 

by the  short air sunply hose which makes i - b  d i f f i cu l t  f o r  t h e  diver t o  turn 

h i$  Lead t o - t h e  righl;, 

(4) The f i e l d  of vision through a hydro-pak mask i s  not as  wide as the  

f i e l d  in a flSqua2.e" face mask, Optimum latmal .  vision i s  i ~ o r t a ~ t  in 

undemater observations, especially i n  a fish count. 

( 5 )  Since the diver i s  breathing directly i n t o  the  mask while using 

the hydro-pak the  glass tends t o  fog up quicker than an ordinary face plate, 

even a f t e r  preventive lnaasurss have been taken. 

(6) While the  hydro-~ak mask f i t s  more securely than an ordinary face  

plate  it would be more d i f f i c u l t  f o r  a diver t o  refasten on i f  it would be 

knocked off while diving, A n  ineqerienced diver ~ o u l d  have more tFma t o  

panic, f o r  he mould have t o  make a decision whether t o  t r y  t o  get the mask 

back on, or  t o  forget  about it, and ascend t o  t h e  surface t o  make adjustments* 

( 7 )  The exhaust valve on one d the hydro-pak masks used 231 Bermuda 

was knom t o  clog when the diver was exhaling strongly, so t h a t  the  air  

escaped along the sea l  of the mask. The wr i t e r j  one one occasion, suffered 

a severe headache vrhile dragging a weighty burlap sack of conchs along a 

shoal bottom. 

(8) There has been some question about the  safety of t h e  Wdro-pak a t  

great depths (over 100 f t ,  ) , It has been postulated t h a t  carbon dioxide 

may accumulate i n  t h e  mask and become toxic t o  the diver, T h i s  has not been 

shown t o  be so but it st i l l  i s  a possibil i ty.  " .. . 

(9) The a t t a c h e n t  of the  air hose onto the  nipple of the  regulatory 

valve is  a precarious f i t t ing .  Although t h i s  i s  supposedly a pemanent 

attachment, t h e  hose slipped off on one occasion and 6u.t the diveres air  

supply, laen t h i s  happens the  diver has l i t t l e  choice but t o  . je t t ison his 
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gear and surface. The position of " s s  air supply ni;snle makes it ex- 

ceedingly aw1a~ard to ref asten the hose, although it can be done if the 

diver diagnoses t he  trouble im.efiately. 

Aside f rom i t s  disadvantages the  hydro-pak a useful t o o l  esnecially 

in the  mahe study around B m d a  where  the  raters were clear and w2m. 

In Nlchigan lakes mhere low tempera-ture and turbidity weye hindrmces the 

hydro-pak was used t o  a limited degree. The snor1d.e vaas a much more valuable 

t o o l  and could 17ell replace SCUBA for mch survey work in fresh~ater. 



I. I3y diving it was possible to make useful fishevrj o b s e ~ ~ a t i o n s  i n  d l  

but one of t h e  14 lakes sumeyed in t h e  Upper Peninsula, Michigan during 

t h e  smer  of 1955. However, unfavorable weather and a demanding 

schedule permitted the survey crew t o  employ actual div ing g e m  in  only 

11 lakes; of these 11, only 7 provided meaningful data. 

2. U n d e m t r r  spot ident i f icat ions are a def in i te  aid t o  a fish survey in 

a Lake. In the  7 study lakes, divers discovered a t o t a l  of 1 0  s ~ e c i e s  

tha t  were not collected mith conventional f ishing gem1 

3,  A l l  of the fish observed 'by divers ~ e r @  i n  the  epilimnion layer. No 

f i s h  were seen while diving i n  t h e  thermocline, howcvex,divcs i n t o  t h i s  

layer  Or bqmd were infrequent and inadeMate. 

4. The appearance of schools of f i s h  as observed by divers can be carpelated 

wtth cover, such as  dense vegetation, brush pil ings or deadheads, 

5. Smallmouth bass showed an avoidance t o  divers S t e r  being disturbed 

daLly by snorlcle-equipp ed c msus takers. 

6. A direc t  f i s h  count undervsater by snorkle divers appears t o  be relia.ble as an 

index of r e l a t ive  abundance! of centrarchids and yellav perch but does 

not seem sat isfactory f o r  nortlnem pike, walleyes and vjfiite suckers. 

7. The speargun was an effective weapon f o r  tam a l l  the  suf f ic ient ly  

large fresfnva%cr species encountered, kcaus  e of i t s  ef-fectiveness against 

black basses 5.ts sporting use in inland rqa$ers requires further study. 

8. The uses of diving gear i n  sjllxrater a r e  many and varied ancl the possibilk ; + - 

i t i e s  for its applications in marina f isheries  research are by no means 

esxhaustod. 

9. It i s  possible t o  estimate populations of f i s h  on coral reefs by di rec t  



n n d e m a t b ~  .oomts while diving, On shdlav reefs i t  appears tha t  counts 

by snorlile divers are more effecient than counts by mechanical-lung 

divers. 

10. It i s  th i s  vviterts opinion tha t  the Scott Hydro-ydk, despite enthusiatic 

claim by i t s  supportersg i s  not t o  be recommended f o r  the versa t i le  re- 

quirer~nts  of fisheries vrork; the aqualung seems better suited, 



Table 1, l,Ecfdgan h k e s  chosen f o r  study ~ 5 t h  Secchi d isc  readings 
and number and duration of undemvst er obs ervztions . 
Lake County Acres 'GTater Secchi Undemqrat; er Obs e r v a t i  ons 

Color disc Number I ~ h r a t ~ o n  

Clover Gogebic 57 light brom 8 ft. 1 1 3 Ilr. 

&ink Gog cbic 63 co lor less  4 ft. 0 0 

Xce Iron 85 colorless - 16 ft. 8 6 hrs* 

&t e r  Hought on 890 l i g h t  brown 9 ft* 2 1 hr, 

Pdonacl c Chippema 6 co lor less  16ft, 13 19% hrs, 

Soldier  Chipp erva 19 co lor less  102%.  2 1% hrs. 

Pra.tt Luc e 24 co lor less  5 8 f t ,  8 8 hrs, 

Pet es Schoolcraft 150 co lor less  11 fta 12 7 hrs* 

Grassy Schoolcraft  176 c o l o ~ l e s s  14 ft. 6 4 by's. 
&Keever Schoolcraft 130 co lor less  14 ft* 2 3 ITS, 

Kingston A lge~  (z~o)-E c olor l s ss  1 2  f t, 3 1 hr. 

Hascib Niarquett o light b r m  11 ft. 0 0 

Lomoor ? k r c p e t t  a 36 l i g h t  bram 11 f t  2 1 hr. 

Clear MaY.que%t e 33 light brown 1 2  ft. 0 0 
---- ""---.- 

( 3 ~ )  eslim. &ed a,creaga 



Table 2a. Physical a d  cheqicsl characteristics of hfichigan lakes 
in UST studies (Jme 23 to S q t .  12, 19551. 

Lake PH BKI Depth of layers (ft,) Temperatwe 
( P P ~  ) hp Th HP 02 Lirni t+t  of @ 

Clover 6.3-5.2 1-5 t o  6 7-12 12-25 10 6L.];-63.0 

Ice 709-7.1 25-38 t o  1 2  13-25 25-33 2 2 79.5-72 .O 

Wer 7.8-7.1 56-57 Lo 15 15-25 . . . . , 2 0  75.5-74. 0 

Nonacle 7.3-6.2 1-13 t o 1 5  15-27 27-50 27 74.5-72.0 

Soldier 6.5-6.1 1-2 t o  15 15-17 . . . . , .. 76.e73.5 

Pratt 7 * U * O  3-12 - t o  25 25-32 ..... 28 '79.5-72.0 

Pet es 8.1-8.0 97-105 to 24 24-29 29-30 26 7m-72.4 

Grassy 8.1-7.1 11-74 t o  20 20-25 25-27 21 78.5-70.0 

&Kseves 8.2-6*7 50-S~ t o  18 18-30 30-54 23 77.0-70.0 

Kingston 7.8-7.7 32-32 to 32 ..... e r r . .  o.0. 66.0-62.0 

Hascib 7.1-6.1 5-11 t o 1 6  16-23 23-129 23 64.0-. . , 
Lowmoor 7.S-7,0 45-52 t o  16 16-20 2%52 17 61.0-59 09 

Clear 607-6.7 ..-23 to 17 17-22 22-27 21  6 1 . ~ ~ 9 . 9  

* 02 less than 4 ppm 
( ~ o t e :  pH and l&l data arc read surface t o  bottom) 

; Legend - 
MI - methyl orange akdini ty  
E@ - ~ ~ i l i m n i o n  



Table 2b . Some ecological features of %he stu* 1'a;kes : bottom types, 
vegetation density and game f i sh  abundance, 

Lake Bottom ty-pes Vegetation Game f i s h  i n  order of 
density decreasing .~~bundanc e 

Clover swd, gravel, , ~~rnb@um %Y w, ~ P Y  hb, Yp. 
P ~ P Y  peat* 

Ekhk sand, gravel, , '  a a s e  YP, NP, Ps* 
fibrous & pulpy 
p ea-t 

Ice ru'bble, sandg .sparse YG, W, Bg, Smb. 
pulpy P c!at 

Otter sand, red clay .".iii@di,m ~ P Y  IT, SI  XP, Rb, %J 

Ps, Smbj h b ,  

Monacl e rubble, gravel, ,... spnse!  Yp, Wy Rb, NP, Smb. 
sand, pulpy peat 

Soldier sand, fibrous medium Ypy ..... 
p eat. . . *. 

,,, . ' a  

Prat t  

Pet es 

Grassy 

PAcKeever 

Kingston 

sand, marl pulpy 
peat. 

sand, fibrous & 
F?Y peat 

sand, gravel, 
fibrous & pulpy 
peat 

sand, gravel, 
pulpy peat, 

bedrock.. . . . . 
sand, gravel, 
pulpy .Peat 

sparse 

sparse 

medium 

medium 

X'W8 

medium 

r a re  

Bg, PSY YPY Rb, 
Zmb, Smb. 

Yp.. . . . . . 
Legend: h b  - largemouth bass Xp - yellow perch 

Smb - smallmouth bass W - w d l e y o  
Eig - bluegi l l  S -: sauger 
Ps - pumpkinseed Np - northern pike 
Rb - rock bass Bt; - brook t rout  
G s  - green sunfish 



Table 3a. Comparisons of species l i s t e d  by UST and by regular survey 
technics (gill nets, seines, rotenone and hook and l i n e  fishing J. 

Species of f i sh  Lakes 

L a g  mou-l;h bass 
Smallmouth bass 
Bluegill 
F'mpldnseed 
Rock bass 
Green sunfish 
Yellow perch 
Vialleye 
Northem pike 
White sucker 
Johnny darter 
Iowa darter  
Least darter 
Logperch 
Brawn bullhead 
Mudminnow 
Common shiner 
Bluntnose minnow 
Golden shiner 
Creek C h ~ b  
Spottai l  shiner 
W c  shiner 
Sand shiner 
Pearl dace 
Mot"c1sd sculpin 

Hours of UST 6 19s 8 7 4 3 1 

G i l l  ne t  se ts  
(24 hrs.) 

8 

Bag seine hauls 4 6 3 6 S ?  0 1 0  

Rot enone ... ... • . m e *  .... Used ... 
Legend: ...- fish not observed by survey, or no da.ta. 

81 - f i s h  discovered by survey methods only.. - f i sh  discovered by UST 
X - f i s h  discb.vered by 

(seine hauls averaged 50 f t .  of shoreline.) 



Table 3b. The evaluation of UST as a supplementary f i s h  survey 
technic. 

Totdl nuinbsr of species found 
Survey 8~ '~TST s l s t t r ~ ~  IJTF i o a ~ i  survey i o w d  

Ice 

PAonacle 

Pra-tt 

P@&s 

T o t d  



Table 4. Observations of s~rta,llmouth bass using brmsh shelters a% 
Pratt Lake, L11ce Coo ( ~ u l y  29 t o  August 3,  1955). 
- - -- - ----- 

I\Tmber of smallmouth bass seen 

Stations: * 1 2 3 4 5 6 7 8 9 1 0 ~ 1 2  T o t a l  

Observations 
no, Y ~ m e  

+ average depth of brash shelters 6 ft. 



Table 5. Conparison of relative abundance estimates : catch per stan- 
dmd gill net set ~ 6 t h  nmbers  of f i s h  counted by divers per  half how. 

Lake : I~Tonacle Pet  es Gras sy  

Dep%h ran e 
(gi l l .  net 5 
Depth range 

(UST) 1 -to 20 ft. 1 to 15 ft* 1 to 15 f t .  

Species UST g i l l  net UST g i l l  net UST gill net 

Largemouth bass *.&. . . . 
SrnjLLmouth bass 0.69 0.17 

(3)  (4 

l3mpldns eed 

Rock bass 3.69 0.87 28 *57 0.28 2.50 O.C& 
(2 )  ( 2 )  (1 ) (4.1 (4) ( 7  

Yel low perch 

Walleye 

Northern Pike 

IJihite Sucker 0.62 0.87 0.72 1 .&2 0,25 1,79 
(4) ( 2 )  ( 5 )  ( 2 )  (6 1 (2) 

- 
( )* indlicates order of re la t ive  abundance. 



Table 6 . fish count of a cora l  reef near Br"rluda. 

LC- - 
Top of reef comt  Ledge com1; T o t a l  

Qdro-pak Snorlde Average Average of - Average 
divers divers ( t o o  f + h divers -- of ton  

Specibs ~ e c B  A&B C&D reef7 & ledge 

Hamlet 7 s 7 .  5 5 L, 

a n d  20 12 24 2 1  19 4 23 

Coney 3 5 O O 2 1 3 

Gag o 1 o o 1 a 2 

Pudding -1Tif e 4 3 2 0 2 0 2 

Angel f i s h  33- 24 30 27 26 2 1  47 

Doctor f i s h  7 12 9 13 10 17 27 

Spanish hogfish 6 7 6 5 6 9 15 
P m o t  fishes 25 20 31 28 26 20 16 

Gr- ey snapper 14 16 24 19 18 60 78 

Yellow grunt 2 7 3 5 4 347 ' 353 

Squirrel f is11 0 0 0 1 1 1 2 

Barracuda L 0 4 0 2 0 2 

Trunk f i s h  1 3  2 4 3 2 5 
Porgy 2 0 2 0 1 0 1 

Trunpe t  f i s h  I 0  0 0 I, 1 2 

8 6 7 *  Yellowtail  snapper 8 6 3 10 

* Scientific names of species of d l  f i s h  i n  t e x b  and tabl-es l i s t e d  on p. 36. 



Table 7. Ledge count of 8 common reef fishes. 
-.- 

Species To@ of ledge Bottom of '  ledge - Top & Bottom 
I Totals -- 8 9 " -  #2 fl #2 ;frl ., ----- #2 +- 

Angel f i s h  13 17 7 6 20 23 

Doctor fish 1 S. 19 1 2  263 13 

Spanish hogfish 6 0 a0 2 16 2 

P m o t  fishes 16 15 4 5 20 20 

NamZet O 2 5 2 5 4 
Eind 0 6 1 1 1 7 

Grey sna*!xr 23 lc2 23 a 46 83 

Yellow grunt 47 49 3l.Q 1 255 389' 304 



Table 8. Top of reef count of 8 comnon fishes, 

- " . - - 

Species Hydro-paks Snorkles @dj-o-?a!rs Snorlcles 
A t C  A - h C  I 3 - D  13-D - 

Angel f i sh  12 12 19 1 2  19 1 2  19 15 

Doctar  f i sh  2 6 6 9 1; 6 5 k  

Spanish hogf ish 

Parrot fishes 8 13 19 la 17 7 17 3-7 

I-.Gmlet s 4 0 7 -4 3 ' 4  O O 

%rids 12 8 18  8 8 ':4 6 13 

Grey snapper xo '7 16 5 4 9 8 14 

Y ellrnrbai.1 snapper 2 3 5 0 3 3 3 6 



Table 9, Comparison of fish counts by hydro-pak m d  sl~orlcle. 

SD ecies Kydro-pale ~ n o l k l e  FIyclro-pak Snorlcle 
, , A t B  A S B  C S D  C t D  - 
Angel fish 31 30 24 27 

Doctor f i s h  7 9 1 2  13 

Spanish hogf is11 6 6 7 5 

P a d o t  f ishes 25 31 20 2 8 

Kind 20 24 12 2P 

Ye1lon-t ail snapper 8 8 6 6 



L,vg emout h bass 
Smallmouth bass 
Eaueeill 
Punl3ldtas ced 
Rock bass 
Green su~zEish 
Yellom perch 
Northern pike 
Yellow walleye 
Saug er 
White Sucker 
Johnny d a t e r  
lo~va dart  cr 
Lognercll 
Eh-o~,m Bullhead 
Nhx&nnmv 
Coinnon shiner 
Eauntnose minnm 
Golden shiner 
Creek chub 
Spottail. shiner 
&E.rnic shiner 
Sand sl.linw 
P e a r l  dace 
klbttled sculpin 

H a m l e t  
RkCl 'End 
Coney 
Gw 
P u d d i n g 4 3  e 
Angel fish 
Doctor f i s h  
Sp&sh hogfish 
Parrut f ishes 
Grey snapper 
Yello3v ~ Y U t l t  
scluirr< f i s h  
Great barracuda 
Trunk f i s h  
Pol?gy 
Truun7e-b f i s h  
Y e J l a r " J t d  snapper 

Generic &d .Specific 

l&croptems dolornieui 
Tbcront ems salmoides 
Lqomzs macrochzrus 

. 
~ i b b o s u s  

?TF&ZEE v. voluc ell-us 
mrm dLiciosus 
SemotilusTarga.rita nachtsi ebi 
e o t t ~ ~ s  bairdi 

@+nephelus s t r i a t u s  
glinenm -fjizEzE 
Faihalbpha~is- ;-f~!~lks 

op % ~ q i 5 ?  
oeres raclEXis -- 

hg elichthys Ls  abelika 
'Acanthurus sa. 
b d i a u s  - r z a  
3 ~ a r l ~ O m a  ST3 

~ l o c e n t r u s  ascensionis 
~ n h m a e s m r a c u d a  
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