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INTRODUCTION

The advent of the aqualung, patented in 193 by Cousteau and Gagnan,
caused a major revolution in man's attempts to explore the underwater .
frontier. With this self-contained underwater breathing aporatus (SCUBA)
man gained the freedom of a pseudo-fish, he was no longer burdened by
bulky diving suits, helmets, heavily weighted shoes, and entangling air
lines, and he no longer had to depend directly on the atmosphere for his
air supply.‘ The excitment of this discovery along with the raves of its
supporters created skin diving enthusiasts throughout the world.

While skin diving as a sport was establishing itself in the United
States and other parts of the world, practical professional men were
discovering wide and varied applications for this new diving gear. There
is 1ittle need for comment on the technics that the U. S. Navy developed
with their frogmen or on the extensive ﬁses that the scientists at Scripps
Institute of Oceanography found for SCUBA. Many aquatic biologists soon .-
took advantage of SCUBA in various aspects of research. Limbaugh and
‘Rechmitzer (1955), through diving, have visually detected density coﬁ-—
tinuities in the Pacific near California, while Banner (1955) actually
saw the thermocline in the ocean off Hawaii. Walker (1955) was able to
obsérve an experimental trawl in operation underwater, and Hassler and
Villemonte (1953) observed the daily movement of perch in a Wisconsin lake.
Brock (195)) devised a method for estimating reef fish populations by an
underwater census, These are only a few cxa.mp;l_es of recently developed
SCUBA technics.

This paper deals specifically with the uses and applications of SCUBA
in comnection with free underwater swimming technics (UST) in fisheries

management and research.
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FRESHWATER APPLICATIONS (F UST IN MICHIGAN LAKES

To investigate the practical application of UST in lake surveys it
was necessary to choose a random sample of lakes for study. It was decided
f.ha’c a number of lakes in the Upper Peninsula, Michigan, which were sched-
uled to be surveyed by the Institute for Fisheries Research during the
summer of 1955 might be adequate. From June 20 to September 15 the survey
cres (Merle Galbraith, Harold Huizinga, and Don Thomson) surveyed 1l; lakes
in 8 different counties. Along with the Institute's standard lake survey
procedures the survey crew employed underwater diving equipment in an attempt
to: (1) determine the supplementary value of several diving technics o
lake surveys; (2) investigate certain underwater survey procedures; (3)
make casual natural history Observétions; and (L) make comparisons of the
results between underwater survey technics and standard lake survey methods,

The study lakes (Tables 1, 2a,2b) ranged from Y to 890 acres in size,
with maximum’depths-6f 8 t0-50 fett, The lakes can be classified as meso-
trophic with a tendency towards sutrophism (Welch, 1935). The average
depth of the epilimmion was 17 feet. A thermocline was present in most of
the lakes, its average thickness being 6 feet, with a lower limit averaging
2ly feet. The average maximum depth at which oxygen was less than L ppm was
20 feet. The average methyl orange alkalinity at the bottom was 38 and the
average pH of the surface waters was T.5e The Secchi disc reading of the
1l lakes ranged from L to 18 feet, and the water color varied from colorless
to light brown.

Since water transparency is an obvious limiting factor in underwater

observations it was only possible to employ UST successfully in those lxkes
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which had a Secchi disc reading of 10 feet or more, on in 11 of the 1
lakes surveyed., A limited amount of diving was feasible in 5 light-brown
colored lakes. Only one lzke, }Mink Lake, Gogebic Co., wids too turbid to
allow any diving whatsoever. However, due to weather conditions and the
amount of time allotted to each lake by the survey schedule, data cculd
be collected froﬁ only 7 of the lakes,

Sight Identifications

It was relatively easy to identify most of the fish encountered under-
water, with the possible exception of some of the minnows. The major pro-
blem, which was overcome through practice, was estimating their sizes,

Soon all swimmers were able to estimate the size of at least the game fish
to the nea.res’é. inch. Table 3a summarizes the fish that were identified
underwater by l.ake,:""-ccmparing these with the fish collected with survey
methods (gill net, seine, rotenone, etce), noting the unit effort in each
casee

The fish most frequently misidentified by the swimmers were some of the
minnows. of the genus Notrdgis s and it is likely that some species of that
genus were wrongly identified as "N. cornutus. Certain darters of the
genus Etheostoma were missed by the swimmers, probably because little
effort was mde to seai;ch the bo{.fom among ‘the rubble and deadheads in the
very shallow water, a favorable habitat for‘ darterse

Although northern pike were present in fair numbers in li of the 7 lakes
studied, pike were spot'bed undefwé,ter in only one of them., Most of the
swimning was aone in shallow weedy areas of the epilimnion where one might -
expect to find pike, Of the pike observed in Monacle Lake, ‘none were larger
than 20 in., and they were relatively easy to spot and approéch. Perhaps the

larger pike seek deep cool waters in the daytime moving to the shallows,
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where observations were concentrated, only to feed,

Bullheads were rarely seen in the daylight hours W}};en most UST
observations were made, although they were relatively numerous when sought
at night with the aid of an underwater light.

Walleyes were occasionally seen in the daytime near the dropoffs, but
éuch sight records were infrequent and probably accidental.

The remaining fishes which include the basses and sunfishes, the perch,
and the suckers, were readily observed in the shoal areas and easily identified,

With reference to Table 3a, it is apparent that the total number of
separate observations and the amount of time spent underwater are important
to a f@li'able undéﬁva'ber‘ survey of fishes presenib. In the last 3 lakes in
Table 3a, McKeevei", Grassy and Kingston, where a total of only 8 hours
(average 2.6 ﬁrs./lake) was spenﬁ diving, a known total of 17 snecies was
not seen by the divers ,Awhereavs gill netting, seining, and rotenone missed
only 3 species (identified by the divers)s In the first li lakes where a
sufficient amourit of t:Lme was spent underwater (hc% hrs.) with an average
of 10 hrs./lake, a total of only 9 species was missed, 7 of these were
minnows difficult to identify in the field. However, it must be emphasized
again: that there was no intensive effort to search for the small forage
Tishes., Nevér*bheles.,s,‘on the credit side, divefé recorded 7 species that
were not collected 'by conventional survey gears

The value of UST in species listing is summarized in Table 3b. The
data in this table indicate that UST as appliedsin this investigation is
not sufficient in itself ‘Eo provide a valid survey of the species present
:Ln a given body of water. - However, it has definite value as a supplementary

technic as demonstrated by the species that were not collected by fishing |

gear bul were seen and positively identified by divers.
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Observed Distribution and Movement g£ Game Fish

Diving gear enables one 1o locate and make direct observations on schools
of fish in various depths and places. During the summer,the 3 divers made
59 individual observations with an average duration of 53 minutes per
observation for a combined total of 3,150 minutes underwater. Most of the
diving took place in water from 5 to 15 feet deep where the only necessary
‘équipment was swim fins, a face mask and a snorkle. Depths of 15 to 30
feet were investigated with the aid of the Scott Hydro-pak.

The region most intensively surveyed was that layer of the epilimmion
which had conbact with the bottom. This included'most of the shoals, the
shoreline and the dropoffs. A rubber suit was réquired_for excursions into
the thermocline or hypolimmion; however descents into these layers were
both infrequent and unproductive.

Centrarchids. There appeared to be no correlation between temperature

of the water or depth with the locations of centrarchids in the epilimnion,
but it ﬁas apparent that shelter was an important factor in their horizontal
distributidn. Smallmouth bass and rock bass were almost always associated
with doadheads and brush pilings. Large schoolé of ‘rock bass and immature
smailmouthS'were freduently observed together under the shelter of fallen
tréeé and logse. Likewise, adult smallmouth bass, estimated from 1tol
pounds in weight, were commbnly seen under deadheads near the shoreline and
along the dropoffs. ‘
Bluegills; pumpkinseeds, ahd largemouth bass were regularly observed in
regions of abundant vegetatione Bluegills and pumpkinseeds were infrequently

segn‘hear deadheads, however, largemouth bass would use deadheads for cover

”if'eﬁergent-vegetation'Was lackinge
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During the day the larger smallmouth and largemouth bass were nearly
always found near deep water into which they would quickly descend when
disturbede A group of 6 largemouth bass estimated between 2-3 pounds in .-

'weight was observed in g dense bed of Nymphea odorata in a shallow bay

(3=l feet deep) at Petes Lake on one afternocon, These fish were at least
200 feet from the dropoff. Apparently they found Usecurity" under the thick
bed of 1lily pmdse One of the bass was speared (16 in. 25 1bs,) and'whcn the
diver came back to the same place atbut 15 minutes later the other bass
had departed. It was not at all rare to find bass of this gize in the very
shallow water at midday (as many bass fishermen know).

Adults of both smallmouth and largemouth bass were rareljf seen together
_in the same ecological niche. Bluegills and pumpkinseedswere frequently
associated with largemouth or smallmouth bass, but rock bass were very seldom
observed among schools of bluegills and pumnkinseeds., Green sunfish were
- rarely seen and there were no records of crapples in any of the lakes studied.

Percids. Yellow perch were commonly observed throughout the shoal areas
and in the deep _Water. They were found among aggregations of centrarchids
in éhallow water and in large schools by themselves in or over the deeper
waterse The daily mo%rement of perch from deep water (20 to 25 feet) to
shallow water at night (2 to 5 feet) was observed in Pratt Leke. During the
day_ no perch were seen on the shoals, but large schools were observed near
the bottom in 20 to 25 feet of water (still in the epilimmion in this lake),
At ﬁight hundreds of perch were observed "sleeging". on the sand bars in the
‘shallow water, “ |

Other fishes, Northern pike were rarely seen by the divers even in

lakes where they were known to be common. Their absence in. sight records

remains to be explaineds The white sucker was present in fair numbers in
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almost all of the lakes surveyed. Few large individuals were seen in the
shoals but gill netting indicated that more were present in deep water,
Bullheads were never observed during the day but were quite commonly seen
at night,while the investigator was swimming with the aid of an underwater
flashlight., All of the remaining fish, which include the minnows and
darters, were abundant in the shallow water and were not -otserved at the

bottom in waters deeper than 5 feet,

' Smallmouth %ass Movements _@_n_ Pratt Lake

Pratt Lake is a circular single basim'lake 2li-acres in size with poor

shoreline development and very sparSe bottom vegetation. Brush shelters

- for fish had been installed a few years prior to our survey., To determine
what fish, .if any, were using the shelters, 12 selected brush shelters were
marked with small woédm buoys and were checked daily for a week by a diver
using a face-mask and snorkle, The only fish using the shelters were
smallmouth bass, although there were yellow perch, bluegills and suckers
in the lake, All of the smallmouth bass, with the 'exccption of the young
of the year, that were counted at the brush-shelter stations are listed
in Table L.

The totalcmumber-ofi:bags:'observed on each complete circuit of the
brush shelters decreased steadily with repeated counts from day to day
while the number of bass seen between sheiters appeared to increase,
although no careful counts were made of these wandering bass. It appeared

that the bass were disturbed by the presence of the divers and either swam

aWay when the swi:iﬁne%' approached or temporarily avoided using the brush shelbers,

Fish Counts in Michigan Lakes

It is beyond the present methods of fishery science to obtain a reliable
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index of population estimate of a lake in a périod of a few days. An
oft used substitute, however, is an estimate og relative'abundance. In
iake surveys this is accomplished by gill net settings, seine hauls,
casual observation and hook and line fishing. None of these methods is
adequate in itself since each is selective for certain species,

The SCUBA method of estimating relative abundance is. a fish count by
direct observation. Counts of this type were performed in most of the lakes~
surveyed. .Although the count was unbiased it was not at random since shoals

- t0-be tiraversed were chosen by the swimmer beforehand., This was done
because it was desirable to count .as many fish as possible in a short period
of tiﬁe. Promising spobts were given priority over seemingly sterile ones,
However, this should not make a difference in a relative abundance estimate
as it ﬁculd in an absolute population estimate,

- All counts were made with the aid of a diving mask, a pair of fins
and a snorkle., Rough surfaced plastic cards were employed in pencil
tabulation of the data while underwater. The swimmer would swim at the
surface of waﬁer 2 to 15 feet deep, diving toward or to the bottom if
necessary to ﬁake an-qbservaﬁion. The majority of the counts were executed
along the dropoffs with the exception of expansive shoal_areas in Monacle
1ake,%and among brush shelters in Pratt and Ice lakess, .

Useful interpretation of the count is possible only if the assumption
is made that the shoals of the epilimmion (where the count was éancentrated)
are the habitats of the species of fish included in the count. Therefore,
coldwater fish like trout and ciscoes and nocturnal fish, like bullheads
and walleyes can not be includeds

With the basic assumption that the areas chosen for counting are re-

presentative of the fish habitats of the lake, it is possible to equate the
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counts to a unit of effort and to compare them with other estimates.
Since theaverage time spent in the wabter at any one time was %—hou:r',
the counts will be averaged at a 3~hour unit time . The gill net settings
(experimental mesh) were overnight and were standard net sets, the catch
being tabulated using the gill net index, catch/100 £t./2l hrs. (Moyle 19L9),
with the substitubtion of 125 ft. gill nets instead of 100 ft. netse. A
camparison of the gill net catches with diving observations in 3 lakes
comprises Table 5,

it has been shown that gill nets are very effective in sampling yellow
perch, northern pike and walleyes (Carlander 1954), but it also is known
that gill nets are poor gear for sampling centrarchid populations, especially
the black basses. ‘I‘h{J.s it can be e:@ected fha‘b relative estimates of bass
abundance will be erratic and inaccurate from lake to lake if sampled by
gill nets, while similar estimates of yellow perch populations would be more
reliagble, For example,the most abundant fish in Monacle L, was the yellow
perch and this was borne out by both gill net and UST. Second in abundance
was the rock bass which likewise checked out in both methods. The white

" sucker ranked even with the rock bass in gill net captures, but gill nets

are much more ei‘ficient.for suckers than for rock basse USt listed the
| sma;llfﬂbuth bass third, whereas gill nets indidted that the walleye was
next. Here we have a situation where the walleye is susceptible to gill nets
' ahd infrequently seen by divers, whereas the smallmouth bass is vice versa.
In Petes L. relative abunda;nce estimates by the two methods we are com-
: paring disagreed completely. The gill net results had smallmouth bass. and
~ the white suckers as the two most abundant fish in the lake, whereas UST |
showed the yellow perch and the rock bass to be present in relatively
, greater numbers. The great number of smallmouth bass (39) caught in gill

) nets, an unusual occurrence, accounted for this discrepancy in part. However,

great numbers of yellow perch and rock bass were counted in the sole :dense
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weed bed in the lake. This area was traversed more than once and repeated
counts may have blased the estimates |

Since there is no practical way of checking these estimates the data
must be evaluated subjectively trying to determine the limitations of the
téchnics employed. First, the most important consideration in executing
underwater fish counts is choosing good representative counting sites.
Second, it is desirable to establish a minimum 1imit on the amount of time
necessaryfo obtain a reliable estimate. This was not determined during the
sSurvey, but could 'be determined experimentally in large hatchery ponds with
a known fish population. Third, time of the day and season of the year are
imbortant factors. There is need for more study on the effect of weather and
available light on the movement and locations of species populatioﬁs.

Since most of our counts were carried out with only a snorkle, the depth
a diver could atbain and accurately count fish was severely limited.
‘Howev&r, this may not be as seriousta-defect! as ‘it seems since oxygen dropped
\off rapidly at 20 feet in most of the lakes and the greatest areas habitable
to fish during the survey season were in less than 15 feet of water, It
'was not difficult to anproach and count the fish, on the contrary, many
éf them were curious and swam out from their hiding places to inspect the
‘swimmers.. |

Smmnar'izing, UST appears to be applicable with a reasonable degree of
- -é;ccuracy to counts of large and smallmouth bass, bluegills, pumpkinseeds,

rock bass and yellow perch. Underwater counts of walleyes, northein nike

o a.nd white suckers have not been successful in this study.

EE Spearfishm' ing

Sal’owater skindivers have shown the undemater spear gun to be a deadly

: : ‘Weapon against many species of fish. Ihe: 'ﬂoe Of this gear in fresh water has
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been somewhat limited, although it has been used by divers for rough fish
control in certain designated waters. Michigan however, totally probibits
the use of any mechanically powered speargun in its inland waters and the
Great Lakes. Consequently, little is known about the effectiveness of the
speargun as a fish-killer,

To determine the effeciency and effectiveness of the speargun as a
collecting tool, or as fishing gear, an ‘Wirbalabel single strand rubber
propelled speargun was usede The. divers, who had no previous experience
with spearfishing, kept count of the numbers of times they "fired" their
guns and the number of fish they killed. The kill by this means is summarized

as follows:

Number of fish Species Size range
speared (inches
10 Largemouth bass < 6 to 16
1l Smallmouth bass h to 18
Lt Bluegills , 5t 7T
3 Pumpkinseeds hto 6
12 Rock bass 3 to 11
1L Yellow perch 5 to 12
1 Walleye 15
5 Northern pike 5 to 20
2 White suckers 13 to 15
1 Brown bullhead 9

The 3 divers killed a total of 67 fish in 1}2 shots in a total of 39 "hunting"
hours, The time involved is not at all indicative of unit effort since
much of the spearfishing was selective for large fish, especially bass.
Farthermore, a diw}er would sometimes carry a speargun along while taking fish
counts and such shooting would be highly fortditous.

The most effective s&pearhead was found to be'i”éhrégwgpronged and triangular,
(a trident)e It worked well against large and small fish alike,

In the majority of the lakes surveyed the effective range of the speargun
followed closely with the limi’s of visib:l..lityj, a maximum of about 15 feet
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hq;izontally. However, most of the kills were made within 10 feet of the
diver, On several occasions fish were hit with glancing blows and the
head of the spear did not penetrate. Other times the spear penetrated the
body musculature and the fish was able to free itself by violent struggling.
Both such events were recorded as miss@s.

"Practically all of the fish encountered were easily apnroached, if the
diver took care not to make any quick motions. For this reason, it was
somebimes difficult to aim the speargun since the slightest jerky movement
would send the target fish scurrying. Many times the fish would swim so
close to the diver that it was very awkward for the hunter to get in position
for a shot. This happened quite frequently while hunting in areas of dense
vegetation or brush pilings, where large curious bass often swam within
3 feet of the diver. Contrasting, in shallow water where cover was poor or
altogether lacking, it was very difficult to get within shooting range of
large fishe. l

The investigatidns of the survey party indicated that ﬁﬂ;M;beargun even
in the hands of a novice can be an effective deadly weapon against game and
rough fish alike., Whereas, it may not be practical to collect large quan-
tities of fish in this manner; the speargun can bé a useful tool to a biologist

whenwonly a few fish are needed in as short a time as possible,
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MARINE APPLICATIONS OF UST IN BERMUDA

I had the opportunity to investigate the application of UST in salt

water while at the Bermuda Biological station during the summer of 1956,
In a research program directed by Dr. John E. Bardach and supported by
the Bermuda government it was possible to do cmsiderable diving in con-
nection with research on the ecology and behavior of coral reef fishes.
Most of the d:Lv:Lng took place on the shallow outer reefs north of the is-—

lands where tagging experiments on reef fishes were being carried out.

The warm: water (78 to 83°F) mde it very comfortable for diving, while
its high transparency (Secchi disc reading ranged from 50 ft. close to shore
to 120 ft. beyond the reefs) provided ideal eonditions for underwater obser-
vations. It is péssible only to mention briefly same of the many ways in

which diving aided mapine research activities in Bermuda:

l. Snorkle-equipped divers were needed frequently to locate fish pots
that had been lost among the coral headse Divers also freed anchors,
recovered lost gear, unfouled ship propellers, etc, Hand line fishing
with a face plate and snorkle aided in the capbure of certain fish

for laboratory experimenfs.

" 24 A group of divers with lungs and snorkles poisoned a reef with
rotenone by carrying.doWn cans and jars of emulsified "Fish~Teox" and
distributing it throughout the reef. The divers also collected the
dead fish from the bottom, while -snorkle-equipped- swimmers helped
pick up the dead fish from the surface:

3« Drse. Talbot Waterman and Richard Bainbridge studied, with the aid
~af the aqualung, the orientationvmovemenbs of various micro-crustaceans

in response to polarized light.
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Lie Dre Donald Comb and this writer collected conchs in deep sand holes
with the aid of a hydro-pak.

5, Dr. J. Bardach and this writer took movies and color photos
respectively of several of the brilliantly colored coral reef fishes
with UST,

6. Dr. Howard Winn and Mr. Clarence Smith used the arbglete speargun
in collecting various species of fish for museum and classroom study
.Winn and Smith also collected small gobies and blennies underwater

with the aid of a small aquarium net and vials. Smith earlier per-

fected this technic in Puerto Rico (Smith 1957).

There is little doubt that diving gear has become an indispensible
tool to marine biology. The following pages demonstrate with data an

important application of diving gear to marine fishery biology.

é Fish Count on a Coral Reef

P n————  o—— o

An estimate of a standing fish population on a typical cofal reef was
required to supvlement certain iﬁvestigations of the Bermuda Fisheries
Research Programe A.solitary,~circular reef was chosen for a fish count.
‘This reef was a good representative of the off shore shallow reefs around
Bermuda. It was almost circular in shape and about an acre in area., The
average ﬁatgr depﬁh over its upper surfacevat high tide was about 8 feet
with a Gouple sand holes exceeding 20 feet., The margining ledges were quite
-abrupt and dropped off to a sand bottom L5-50 feet deep. The water was
quite clear and it was possible tou seesthe bottom in 50 feet of water while

swimmirg at the surface,
The reef was divided by divers)into 8 lanes ranging from 25 to 30 ft. in
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width with discarded black electrical wiring. The wires were either fast-
ened down by weights or tied to the coral, and were marked by a float at
each end. The lanes ran the width of the reef and were 200 to 250 ft. long.

The count was executed August 26, 1956, with the aid of some nersonnel
from the biological station and two naval officers. It was decided that
the count along the steep ledge of the reef be carried out first to avoid
confusion and reduce disturbance to a minimum. This count was performed by
two pairs of divers in hydro-pakse. One diver took the bottom of the reef
ledge (145 to 50 ft.) and the other swam directly above him near the sur—
face of the reef, Each diver counted the fish below him and to his side,
Each pair of divers started at the same time and place but proceeded in
opposite directions so as théy crossed they counted the area covered by the
other pair., For this count, the divers were as follows¢! 1st pair, bottom-
Ce Smith, top- H. Winns 2nd pair, bottom- Lieut. Commander R. Bnerson, top-
Li#ub. Comnander L. Rosekranza

The top of the reef count employed four divers with hydro-paks and Ffour
snorkle~equipped swimmers, one to accompany each diver. ZFach pair of divers
situated themselves at oppésite ends of the reef and began éwimming simul~-
taneously in the same direction so that they would eventually meet and cross-
. over. The diver was instructed to count only the fish in his lane and these
entgring his lane from an uncounted lane. The snorklers would do the same
and would follow behind their respective partners. In this manner the entire
top of the reef would be counted four times. ?he paired divers were as
follows: Hydro-pakse.e..A= D. Thomson, B~ J. Bardach, C=- L. Sutcliffe, and
D- W. Sutcliffe; Snorkles....A- H. Winn, B~ C. Smith, C- R, Fmerson, and

D~ L. Rosekranz. The complete count of the ledge and surface of the reef

is listed in Table 6.
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A cursory examination of the data in Table 6 will show considerable errors
in the count of certain scvecies, Many 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
squirrel fish, being the most nocturnal of the group, remains hidden most
of the day and seldom ventures out, while the others stay d&osetho their holes
and retreat into them when disturbed. A complete count of such fish would
be difficult to achieve, The grey snapper is fond of both shelter and shade,
but because of its curious nature this fish was seen quite readily. The
angel fish, doctor fish, spanish hogfish and parrot fishes are all'herhivnrous
browsers; While the angel fish dart into holes when fright@ﬁed, they quickly
reappear and continue browsing. Studies by Bardach (unpublished) showed
that none of these herbivores move about the reef to any great extent, nor
are their activities greatly disturbed by the presence of divers. Yellow=-
tail smappers are'transient speciess The amount of time they spend on a
given reef is not known. Since they are not secretive in habit they are
readily seen. The remaining fishes occur in small numbers and are ine
significant in the total count.

Table 7 compares the resitlts-obbained by the divers who were counting
fish\along the ledge, A total of 15 species were counted but only 8 of the
comonest reef fishes will be discussed. Counts of angel fish and parrot
‘”fish checked TairYy- closely, indicating that these fishes were not driven
away by diverses The discrcpgncy'in the bottom count of a school of doctor
fish was either due to the error of the observer or to movement of the fish.
The second counts of the spanish hogfish and yellow grunt (bottom) were far
lower than might be expected. However both of these fishes live in holes
and were probably hiding after being disturbed by the first divers. Also,
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since the yellow grunts occurred in large clusters the divers may have
migscounted them, The top and bottom counts of the grey snappers differed
both times, and coincidently in the same proportione. Since this fish is
curious and will sometimes follow divers, the presence of swimmers may have
attracted some snappers from the surface of the reef, The hamlets and hinds
stayed undeér cover most of the time. The count of these 2 serranids was
far lower than predicted by tagging studiese

Excluding the variety of small fishes, 17 species were counted on the
top of the reef by 8 divers. The commonest species are listed in Table 8.

"y and B'" were paired divers, as were "C and D" also. "Together each pair
covered the entire surface of the reef. The counts of one member of each -
pair are compared with their counterpartse.

It becomes evident from Table 8 that considerable error ariées in employ=-
ing 8 divers. FEach additional diver represents an additional vaiiable in-
creasing the standard error of the sample, In Table 9 the counts of each
diver are combined with those of his partner aﬁd are treated as single countse.
The combined counts of eéch pair of workers (Table 9) compare quite favorably
in the angelfish, doctor fish, spanish hogfishfand\yellowtail snappers. The
small differences are probably errors in counting or recordinge The counts
of the other | species ( hamlet, hind, grey snapper, and parrot fish) are
too inconsistent to be reliable.

The snorkle vs, h&dro—pak counts appeér to agree in the angel fish,
doctor fish, spanish hogfish, hamlet (one oounf), and yellowtail snapners
The snorkle count was consistently higher thén the count by hydro-pak:in the::
parrot fishes, hinds, and grey snappers. Also note that the hydro-pak count
was never substantially higher than the count by snorkle. A total of 261

fish were counted by the snorkle-equipped divers while the hydro-pak divers
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counted only 235. This substantiates but does not prove what had been
expected, that the snorkle diver swimming at the surface was able to count
more fish because of the wider range of vision
The results of the reef count indicate that by UST a reasonably accurate:
count of a fish population in a given area is possible to attain if the
right conditions prevail, if the workers are reliable and properly equipped,

and if the proper species are chosen and controls are run.
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CRITIQUE OF DIVING EQUIFPMENT

The diving gear employed in this study consisted of Scott Hydro-paks,
self contained underwater breathing apparatus with a demand-type two stage
regulator. It is fitting and perhaps pertinent in a study of this kind to
examine the disadvantages and shortcomings of the SCUBA used. Diving
accessories such as swim fins, masks, snorkles depth gauges, rubber suits,
etce Weré utilized in various capacities, but their relative merits will not
be discusseds

The hydro-psk might be compared to a similar diving lung of another
type, the "Aqualung" or variations of it (Divair, etc.). In this discussion
the term "aqualung® will refer to all lungs of this type and not neéessarily
the patented aqualung of Cousteau and Gagnane

It is this writerts opinion after having used the hydro-pak for two
summers in both fresh and salt water that this self contained diving lung
has limited versatility and in many respects compares unfavorably with an
aqualung. The major objections to the hydro-pak are as follows:

(1) The initial cost of the gear must be given consideration. The
hydro—pak costs at least one hundred dollars more than any aqualung. The
face mask of the hydro-pak is, of coufse, the most exvensive item. It
is constructed of a good quality neoprene rubber, but knowing that rubber
is quite susceptible to the elements it must be given careful attention.
While it would not be difficult to replace a mask used with an aqualung, it |
would be very costiy to replace a hydro-pak maske

(2)The sair capacity of the single tank of the hydro-pak is;insufficient
for deep dives and inadequate for sustained Work in shallow water. The
construction of the aqualung allows for two or three extra tanks, the

present hydro-pak can only fit one extra tanke.



21' .

(3) While the harness of the hydro-pak is superior to most harnesses
used with aqualungs the hydro-pak diver's freedom of movement is restrained
by the short air supply hose which makes it difficult for the diver to turn
his head ‘to~the right,

(L) The field of vision through a hydro-pak mask is not as wide as the
field in a "Squale" face mask, Optimum lateral vision is important in
underwater observations, especially in a fish count.

{5) Sinée the diver is breathing directly into the mask while using
the hydro-pak the glass tends to fog up quicker than an ordinary face plate,
even after preventive measures have been takene

(6) While the hydro-pak mask fits more securely than an ordinary face
plate it would be more difficult for a diver to refasten on if it would be
knocked off while diving. An inexperienced diver would have more time to
panic, for he would have to make a decision whether to try to get the mask
back on, or to forget about it, and ascend to the surface to make adjustments.

(7) The exhaust valve on one of the hydro-pak masks used in Bermuda
was known to clog when the diver was exhaling strongly, so that the air
escaped along the seal of the maske. The writer, one one occaéion, suffered
a severe headache while dragging a weighty burlap sack of conchs along a
shoal bottom.

(8) There has been some question about the safety of the hydro-nak at
great depﬁhs (over 100 ft.)e It has been postulated that carbon dioxide
. may accumilate in the mask and become toxic te the diver. This has not been
shown to be so but it still is a possibility.

(9) The attachment of the air hose onto the nipple of the regulatory
valve is a precarious fitting. Although this is supposedly a permanent
attachment, the hose slipped off on one occagion and ¢t the diverts air

supplye. . When this happens the diver has little choice but to jettison his
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gear and surface. The position of this air supply nipple makes it ex-
ceedingly awlkward to refasten the hose, although it can be done if the
diver diagnoses the trouble immediately. |
Aside from its disadvantages the hydro-pak was a useful tool especially
in the marine study around Bermuda where the waters were clear and warm.
In Michigan lakes where low temperature and turbidity were hindrances the

hydro-pak was used to a limited degree. The snorkle was a much more valuable

tool and could well replace SCUBA foP much survey work in freshwater,
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SUMMARY

By diving it was possible to make useful fishery observations in all

but one of the 1l lakes surveyed in the Upper Peninsula, Michigan during

the summer of 1955, However, unfavorable weather and a demanding

schedule permitted the survey crew to employ actual diving gear in only

11 lakess of these 11, only 7 provided meaningful data.

Hnderwater spot identifications are a definite aid to a fish survey in

a lake, In the 7 study lakes, divers discovered a total of 10 sDecieé

that were not collected with conventional fishing gear.

A1l of the fish observed by divers were in the epilimnion layer. No

fish were seen while diving in the thermocline, however,dives into this
layer or beyond were infrequent and inadeqiate.

The appeérance of schools of fish as observed by divers can be correlated
with cover, such as dense vegetation, brush pilings or deadheads.

Smallmouth bass showed an avoidance to divers &fter being disturbed

daily by sﬁorkle-equipped census takers,

A direct fish count underwater by snorkle divers appears to be reliable as an
index Qf relative abundance of centrarchids and yellow perch but does

not seem satisfactory for northern pike, walleyes and white suckers,

The speargun was an effective weapon for taking all the sufficiently

large freshwater species encountered. Because of its effectiveness against
black basses its sporting use in inland waters requires ‘furthez; study.

The uses of diving gear in saltwater are many and varied and the possibilsif =
ities for its applications in marine fisheries research are by no means
exhausted.

It is possible to estimate populations of fish on coral reefs by direct
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underwatéer .counts whilé divinge On shallow reefs it appears that counts
by snorkle divers are more effecient than counts by mechanical-lung
divefs.
It is this writer's opinion that the Scott Hydro-pak, despiﬁe enthusiatic
claims by its supporterss is not to be recommended for tﬁe versatile re-

quirements of fisheries work; the aqualung seems better sulted.
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Table 1. Mi.chigan lakes chosen for study with Secchi disc readings
and number and durabtion of underwaster observations.

Lake County Acres Water Secchi Underwater Observations

Color disc Number | Duration
Clover  Gogebic 57 light brom 8 ft. 1 % hr,
bis e Gogeblc 63 colorless L ft. 0 0
Ice Iron 85 colorless 16 ft. 8 6 hrs,
Otter Houghton 890 1ight brovm 9 ft. 2 1 hr,
Monacle Chippewa 16  colorless 16 £t 13 193 hrs,
Soldier Chippewa 19 colorless 10 £t 2 1% hrs.
Pratt Luce 2li  colorless 18 ft. 8 8 hrs.
Petes Schoolcraft 150 colorless 11 ft. 12 7 hrs.
Grassy  Schoolcraft 176 colorless 1l £t 6 i hrs.
McKeever Schooleraft 130 colorless 1L ft. 2 3 hrs.
Kingston Alger (250)% colorless 12 ft. 3 1 hr,
Hascib Marquette A light brovm 11 £t 0 0
Lommoor Marquette 36 light browm 11 ft. 2 1 hr.
Clear Mérqueﬁte 33 light brown 12 ft. 0 0

(#*)estimated acreage
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Table 2a. Physical and chemical characteristics of Michigan lakes
in UST studies (June 23 to Septe. 12, 1955).

Lake pH MO Depth of layers (ft.) ' Temperature
(ppm) Ep Th 319 Op Timt% of Ip

~ Clover  6.3-5.,2 15 to 6 7-12  12-25 10 6l1e5=63.0

Mink 8.0-Te9  LO-L5- to L L=T = seeee  ouun T5¢0muese
Ice Te9=T.1  25-38  t0 12 13-25  25-33 22 7945-72.0
Otter TeB=Tel 56=57 o 15 15-25  4.4ee 20 755=7l0
Monacle  7e3=6.2  1-13 to 15 15=-27  27=50 27 The5-72,0
Soldier 6.5=6.1 1-2  t0 15 1517 ..., 76.0-73.5
Pratt Te0=6.0  3-12. 10 25 25-32  .eeve. 28 7945=72.0
Petes 8.1-8,0 97-105 to 2l 2429  29-30 26 7540=72.1
Grassy  8.1=7.1 T1-7Th to 20 20-25  25-27 21 78.5-70.0
IcKeever 842-6.7 50-59 to0 18 18-30 3054 23 77.0~70.0
Kingston 7.8=7s7 32=32 $0 32 eeeer  seses  oeee 66.0-52.0
Hascib  Tol-6,1  S<11 to 16 16=23  23-19 23 6l1eO=esse
Lowmoor  T7e5-7.0 U5-52 to 16 16=20  20-52 17 61,0-59.9
Clear 6.7-6;7 ee=23  to 17 17-22 = 22-27 21 61.0-59.9

¥* 0o less than l; ppm
(Note: pH and MO data are read surface to bottom)

Legend ’
M -~ methyl orange akalinity
Ep - epilimmion
Th - thermocline
- Hp = hypolimmion
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Table 2b. Some ecological features of the study lakes: bottom types,
vegetation density and game fish abundance.

Lake Bottom types Vegetation Game fish in order of
density decreasing abundance
Clover sand, gravel, »omedium Bg, W, Np, Imb, Tp.
- pulpy peat,
Mink sand, gravel, ddense Yp, Np, Ps.
fibrous & pulpy
peat
Ice rlibble, sand, o sparse \ Yo, W, Bg, Smb.
pulpy peat -
Otter - sand, red clay . o medium ~ Yp, W, S, Np, Rb, Bg,
! PS, Smb 3 Imb.
Monacle rubble, gravel, i sparse Yp, W, Rb, MNp, Smb.
sand, pulpy peat
Soldier sand, fibrous medium Yoy eveee
peat. TN
Pratt sand, pulpy peat sparse Ip, Bg, Smb.
" Petes sand, marl pulpy sparse Smb, Yps Rb, Imb, Np.
peat.
Grassy sand, fibrous & dense Bz, Yp, Ps, Np, Lmbe.
pulpy peat
McKeever sand, gravel, medium Bz, Ps, Yp, Rb, Nop,
fibrous & pulpy Imb, Smbe
peat
Kingston gand, gravel, medium Pss Yp, Bz, W, Smb, Lmb.
pulpy peat.
Hascib bedrocke..... rare GSsesosoese
Lowmoor sand, gravel, medium Bzy, Lmb, Bt.

pulpy peat.

Clear ..O.o.t.o..o.' rare Yp-.oooaoco.

Legend: ILmb ~ largemouth bass ¥p - yellow perch
Smb = smallmouth bass W -~ walleye
Bg -~ bluegill S - sauger
Ps = pumpkinseed Np = northern pike
Rb = rock bass Bt - brook trout
Gs = green sunfish
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Table 3a. Comparisons of species listed by UST and by regular survey
technics (gill nets, seines, rotenone and hook and line fishing).

Species of fish Lakes

lce HMonacle Pratt Fetes Grassy licKeever Kingsgton

Largemouth bass .,, .o oo X X X X
Smallmouth bass X X X X coe X X
Bluegill X cse .X. PN X X X
Pumpkinseed X ves ceo () X X X
Rock bass X X coe X X X cee
Green sunfish ces ces .ee cos (s} X
Yellow perch X X X X X X X
Walleye X X o0 [N ) s00 0;:0 (S)
Northern pike ces X ces (s) (s) (s) ceae
White sucker X X (s) X X X X
JOhn-ny dalt’er oo X LN ] co ES) (S) (S)
Iowa darter (U) X see see S) (S; soe
Least daI"beI‘ PR ves P cee ceece (S v
Logperch voe X cee X gUg X ces
Brown bullhead ... X S (sg
thlninno‘v ees coe ee e - eee cee ) (S
Common shiner  (8) (U) cee (v) X (v) ves
B]Jln‘bnose Inim’low ese (U) (S) X eeo X XX
Golden shiner (U) oes ces cee X .o ces
Cl"eek Chﬁb oo e e e ee o (U) LI 4 o8 e (U)
SpO‘btail shiner Y ES; soe see sey see coe
Mimic shiner ces S ces (s) (5) cee (S;
Sand shiner cee ees soe oo e cee cee (S
Pearl dace - (8) cee (s) cee . (s)
Mottled Sculpin voo ve eee oo o sen (S) tee
Hours of UST 6 19% 8 7 N 3 1
Gill net sets 8 23 18 2l 2L 6 o1
(2, hrs.)
Bag seine hauls L 6 3 6 5, 0 10
Rotenone ece soe see XY oes Used co e
Legend:

eee — Fish not observed by survey, or no data.
§S) - fish discovered by survey methods only.
U) - fish discovered by UST only.

X = fish discévered by both and. survey.

(seine hauls averaged 50 ft. of shoreline.)
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Table 3be The evaluation of UST as a supplementary fish survey

'teChniC.
Lake Total number of species found

: Survey & UST UST Sirvey | UoT (only)  survey (only)
Ice 11 9 9

Monacle 13 11 11
Pratt 6 3

D . ot

2 2
2 2
6 0 3
Petes 12 10 9 3 2
Total L2 33 35 7 9
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Table li« Observations of smallmouth bass using brush shelters at

Pratt Lake, ILuce Co. (July 29 to August 3, 1955).

Number of smallmouth bass seen

Stations: * 123 L5 67 89 10 11 12 Total
Observations \

Noe Tlime

1.  2:00 P.M, 6 1 000 205 L 2 2 L 26
2, 10:00 P.M. O eereeeeneireraeirereeaeeanenann
3. 9:00 A.M. 2 0L 004,071 3 2 0 O 16
Lbe 11:00 A.M. 302 00 04.212 0 0 O 8
5, 10:004M. 0 0 0 0 Oeee 0 0O 3 0 0 O 3
6.  5:00 P.H. 210000000 0 0 O 3
T  5:00 P.M. 0 0000O00COO O 0 0 0

# average depth of

brush shelters 6 fte
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Comparison of relative abundance estimates: catch per stan-

dard gill net set with numbers of fish counted by divers per half hour,

Lake: Monacle Petes Grassy
?g?{? range L to 25 It L to 26 Tt L to 23 Ti.
nggg)range 1 to 20 ft, 1 to 15 ft. 1 to 15 ft.
Species UST gill net UsT gill net UST gill net
Largemouth bass =~ e.se sebe 1.h§ 0,13 1.88 0450
(L) * (5} (5) (5)
Smallimouth bass 0069 0017 809 1.62 res ot
(3) (6) 3 (1)
Bluegill sves bese voee seve S0.0 2,29
- (1) (1)
Pumpkinseed cees ceve 0,22 0.00 6425 0.6
» (6) (0) (3) e
Rock bass 3469 - 0.87 28,57 0.28 2450 0.0l
(2) (2) (1) (L) (L) (7)
Yellow perch 5.77 2.30 17.86 1.29 18,75 1.25
(1) (1) (2) (3) (2) (3)
Walleye 0.26 O.?Ll evee XXX ssse “sene
(5) () /
Northern Pike 0.13 0.39 0,00 0.06 0,00 0.6
(6) (5) - (0) (6) (0) (6)
White Sucker 0.62 0.87 0,72 Loli2 0.25 1.79
(L) (2) (5) (2) (6) (2)

( )# indicates order of relative abundance.
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Table 6 . Fish count of a coral reef near Bermuda.

Top of reef count ~ Ledge count Total
Hydro-pak Snorkle Average Average of _ Average
Species * | A%VQEED Agﬁlﬁvegzﬂ) (Eggfgf + b divers B gflggge
Hamlet 7T 0 7.5 5 I 9
Hind 20 12 2h v 21 19 L 23
Coney ‘ 3 5 o o 2 1 3
Gag | 0 1 0 0 1 1 2
Pudding-Wife L 3 2 0 2 0 2
Angel fish 31 24 30 27 26 21 47
Doctor fish T 12 | 9 13 10 17 ‘ 27
Spanish hogfish 6 7 6 5 6 9 15
Parrot fishes 25 20 31 28 26 20 116
Grey snapper 1, 16 2 19 18 60 78
Yellow grunt 2 7 1 5 L 347 353
Squirrel fish 0 0 0 1 1 1 2
Barracuda 1 0 L 0 2 0 2
Trunk fish 103 2 | 3 2 5
Porgy 2 0 2 0 1 0 1
Trumpet fish 1 0 0 0 1 1 2
Yellowtail snapper 8 6 8 6 7 3 10

* Scientific names of species of all fish in text and tables listed on p. 36.
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Table 7. Ledge count of 8 common reef fishes.

p—

Speci.es Top of ledge Bottom of ledge - Top & Bottom
\ Totals

#1 #2 #1 #o  HL Feo
Angel fish 13 17 - 7 6 20 23
- Doctor fish 1 1 19 12 20 13
Spanish hogfish 6 0 10 2 16 2
Parrot fishes 16 15 L 5 20 20
Hamlet 0 2 2 L
Hind 0 6 1 1 1 7
Grey snapper 23 L2 23 L1 L6 83
Yellow grunt L7 L9 342 389" 304

255
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Table 8. Top of reef count of 8 common fishes,

Species Hydro-paks Snorkles Hydro-paks  Snorkles
A+ C A+C B~ D B =D

Angel fish 12 12 19 12 19 12 19 15
Doctar fish 2 6 6 9 5 6 5

Spanish hogfish 3 ) L 5 3 3 3 0
Parrot fishes 8 13 19 11 17 7 17 17
Hamlets L 0 7 Tk 3 L 0 0
Hinds ' 12 8 18 8 8 6 13
Grey snapper 10 7 16 5 L 9 8 1h
Yellowtail snapper 2 3 5 0 3 3 3 6
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Table 9. Comparison of fish counts by hydro-pak and snorkle,

Specles Hydro-pak Snorkle Hydro~pak  Snorkle
. A +3B A43B C 4D C 4D
Mngel fish 31 30 2L 27
Doctor fish 9 12 13
Spanish hogfish 6 7 5
Pariot fishes 25 31 20 28
Hamlet 7 7 0 5
Hind 20 2l 12 21
Grey snapper 1 2l 16 19
Yellowtail snapper 8 8 6 6




Common Name

(Freshwater)

Largemouth bass
Smallmouth bass
Hluegill
Pumpkinseed
Rock bass
Green sunfish
Yellow perch
Northern pike
Yellow walleye
Sauger

White Sucker
Johnny darter
Yowa darter
Logperch

Brown Bullhead
Madminnow
Common shiner

Hluntnose minnow

Golden shiner
Creck chub
Spottail shiner
Mimic shiner
Sand shiner
Pearl dace
Mottled sculpin

(Marine)

Hamlet

Red ‘Hind

Coney .

Gag
Pudding=wife
Angel fish

- Doctor fish
Spanish hogfish
Parrot fishes
Grey snapper
Yellow grunt
Squirrel fish
Great barracuda
Trunk fish
Porgy

Trumpet fish

Yellowtail snapper
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LIST F SCIENTIFIC NAMES

Generic and Specific

WHcronterus dolomieul
cropterus salmoldes
Lepomls macrochnlrus
Lepomls glbbosus
AmbIloplites rupestris
Lepomis cyanellus

Perca rlavescens

Asox lucius
oulzostedion v, vitreum
STizostedion canadense
Gatostomus commersonl
moheostoma nigrum
htheostoma exile
Percina carrodes semifasciaba
tetalurus nenulosus
Tmbra Limi

Notropls cornubus
Pimevhales notatus
Notemigonus crysoleucas
semotilus atromaculatus
Notropls hudsonius
Notropis v. volucellus
Notropis d. deliclosus
Semotilus margarita nachbriebl
Cottus bairdi

Epinephelus striatus
Hpinephelus guttatus
Cephalopholisufaitus
Mycteroperca Tigris:
Halichoeres radiatus
Mngellchthys lsabellta
Acanthurus spe

Bodiannus rura

oparlsoma sp

Tutiamis griseus
Haémulon sciurus
Holocentrus ascensionis
ophiyraena, barracuds
Lactophrys tricornis
GCalamus sp.

AoTostomus sp.

Ocyurus COrysurus
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4PT ABFAEZOHIKAMNON®GPETY XY ZaBySetfnuhuvomdparmuax =T,/ S+ =#"> <hAr<=
6 PT ABTAEEOHIKAMNOIN®PETYQXVZaBySetdnikApvordparvoxPl=F",. /| S+=+£"> <P{><=

8 PT ABIAEZOHIKAMNOII®PETY QXYZaBydetdnikhpvordporvoxpl=F",. /| S+E£ > <PI><=
10 PT ABTAEZOHIKAMNOIIDPETY QXWZaBySetonukApvomdporybxbl=F",. | S+ =4#"> < bd><=

White Black Isolated Characters
e m 1 2 3 a
0123456 ‘ 5 6 ; R . 65432
8 9 0 h | B
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