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Abstract

Two models of che Boothbay neuston
net were field-tested under various exper-
imenctal conditions to detarmine relative
catching abilicty, ease of handling, and
specimen demege for ichthyoplankton. The
4.9 m (l6-ft) neuston net was superior in
ease of handling and caught slightly more,
but not significancly more specimens than
the 8.5 m (28 fr) nec. Cecches for many
species varied significantly between day
and night. Damage to specimens increased
with increased towing speed.

Introduction

The Boothbay meuston net is becoming
a standard gear for collection of ichthyo-
plankton found at the surface. Sherman
and Lewis (l967) reported using this gear

for collection of lobster larvae. Per-
gonnél participating in Cooperative In-
vestigations of the Carribean and Adjacent
Regions (CICAR) sctivities have prepared a
“"Guide for Sampling the Early Development
Stages of Pelagic Fish during CICAR Opera-
tions" which describes the use of the
neuston net (FAD 1870). The neuston sam—
pler net iniedally adopted as the standard
for tha Marine Resources Monitoring,
Assessment and Prediction Program (MAEMAP)
wis a8 pipe frame 2 meters wide by onemeter
deep with a 8.5 m long net (see Fig. 1).
lpecause lirtle was knowm concerning the
use of this gear, an experiment was de-
gigned to test the operating characteris-
tics of two types of frame and two lengths
of net. The frames used in the tesc were
galvanired pipe and aluminum pipe. The
nats were a 0.947 mm Nitex mesh. Lengths
were 4.9 m and 8.5 m with ratios of mouth
to open mesh aperture areas of 1:6 and
1:11, respectively (see Fig. 2). GSpecific
areas of intarest were sass of handling,
relative catching ability of nets under
different conditions of speed and light,
and damage to ichthyoplankton.

The nesston test was conducted dur-
ing 9-15 July 1973 utilizing the R/V

Dolphin.

LuARMAP 1s now using @ 0.5 x 1l m
neuston net.

Figure 1. Standard Boothbay neuston net 1 x I m with pipa frama.



Figure 2. Standard Boothbay neuston nets 1 x 2 m pipe frame, 8.5 m and

4.9 m lengths.

Materials and Methods

Test Area and Cruise Plan

The cruise was divided into calibra-
tion, search, and intensive testing phases.

After a moderate concentration of
ichthyoplankton (100 to 500 specimens/tow)
had been located during the search phase,
an area of approximately 8 km 2 (see Fig.
3) was chosen for intensive sampling.
During a 25 hour peried (14-15 July 1973)
48 neuston samples were obtained. Twenty-
four daylight tows were made between 1107
and 1627 EST and 24 night tows between 2206
and 0432 EST (see Table 1).

Although several collections were
taken utilizing an aluminum frame, themain
neuston gear experiment was conducted only
with the galvanized pipe frame.

Towing Procedures

The neuston net was towed from a boom
extending out 3 meters from the starboard

side of the R/V Dolphin, and the ship was
ordered in an arc radius of one nautical
mile or less to starboard to keep the net
mouth out of the ship's wake.

Bridles of equal length were used on
both net sizes at towing speeds of 2 and 3
m/gec, bur the outhoard bridle was length-
ened 18 cm at 1 m/sec to prevent the out-
board frame from diving. Bridle wires were
0.64 cm wire cable.

Each pair of main bridles (with a
thimbla eye at each end) were 7.50 to 8.25
m long. The trailing end of each was
shackeled to a double-eyed upper and lower
bridle arm, which were shackeled to the
upper and lower welded eye on esch verti-
cal arm of the frame. The best working
combination used was a shorter upper bridle
{103 em long) and a longer lower bridle
(113 em long)}. Use of equal length upper
and lower bridles (108 cm) did not keep the
framea alipnment vertical,

The net was launched as follows: the
frame was balanced on the rail with ons
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Figure 3. Station locations of BV Dolphin showing search and intensive
phases of neuston gear experiment.

handler on each vertical arm. The tied-
off cod end was casc over and trailed. The
frame was shoved over the side afrer a
safety line was secured. With the ship
running at desired speed, the tov line was
played out rapidly (average 29 seconds) to
the predetermined distance. After 10-
minutes towing time, the net was cepstan=
ed in as fast as possible (average 32
seconds), The 3 times, bottom=beam in
watar to start of tow, tow, end of tow to
bottom beam out of water, ware recorded
with a stopwatch.

The inside and outside of the net were

washed down at the end of each tow with &
seawatar hose.

Towing Spesd
The experiment called for rowing

speeds of 1, 2, and 3 m/sec. Vessel speed
was determined by the use of a chip log
(weeden block 5 x 10 cm x 30 cm long),
which was thrown over from the bow and tim—
ed wicth a svop wactch in ice drifc along a
known discance of the ship's length. Table
1 shows that estimated actual speed varied
considerably from attempted due primarily
to direction of tow in relation to direc-
tion and intensity of wind and swell.

Specimen Handling and Processing

After each tow, the catch was drained
through a 0.85 mn mesh sieve and the pre-
sarved in 5% buffered formalinm.

Each catch was examined for presence
and amount of sargassum, manatee grass, and
coelenterates; estimated wet volume of
total catch; and numbers of selected genera



Table 1. _Covariares used in ncuston gear experiment.

Time Sen Total
of Bottom Wind state Alr Cloud  Surf. Surf. Eow Baros. HET WEIGHT
Tima tow Depth vel. Beaufort temp. cover temp. salinity cime Preas. Spead Rel. Coel. Sargas. Hanatee
period Tow (EST)  (m)  (knots)  scale @ (@ (© PPT (min) Rain  (millibar) (knots) vol. (gm)  (gm) (g=)
Day 1 073 1339 L] 1 2 30.0 50 9.7 36.18 11.3 1019.6 5.0 2.68 166 264 573
Day 1 074 1358 &8 1 2 0.0 &0 9.7 6. 18 11.4 1019.6 5.0 2.87 97 a7 162
Day 1 075 1409 68 1 2 30.0 60 8.6 316.18 10.9 1019.3 3.3 1.79 14l 141 155
Day 1 076 1425 L1 1 2 30.0 &0 29.6 A6.17 11.2 1019.3 3.3 1.47 270 ] 171
Day 1 077 144z 58 1 i 30.0 60 19.6 36.17 10.5 1019.3 1.6 0.81 247 247 76
Day 1 078 1456 58 5 2 31.0 70 5.5 36.16 10.5 1019.3 1.6 0.80 Bg 5 65
Day 1 079 1511 68 5 2 il.0 &0 29.5 36.16 11.4 1019.3 5.1 2,81 159 159 102
Pay 1 08B0 1527 68 5 2 0.0 50 9.4 36,16 11.4 1018.9 5.1 2.90 137 137 6
Day 1 0B1 1543 58 4§ 2 30.0 k] 9.4 36.16 11.1 1018.6 il 1.41 9 9 9
Day 1 082 1558 68 5 2 31.0 15 29.3 36.17 1.1 1017.9 3.1 1.48 213 213 3
Day 1 083 1613 &8 7 2 1.0 10 9.2 36.17 10.5 1017.% 1.6 0.86 118 118 77
Day 1 084 1627 (.1} T 2 31.0 5 .2 36.17 10.5 1017.% 1.6 0.81 253 253 2
Hight 1 088 2206 73 14 2 29.0 40 27.8 15.91 11.4 1017.9 5.6 2.74 23 128 13
Hight 1 089 2221 73 16 2 29.0 40 27.8 35.96 11.4 1017.% 5.6 2.96 113 3 19
Highe 1 090 2236 73 14 2 29.0 40 277 35.99 11.3 1017.9 1.8 .15 13 8 ki
Nighe 1 091 2352 73 12 2 29.0 40 2T.7 36.02 11.2 1017.9 1.8 «37 17 14 15
Nighe 1 092 2309 73 15 2 8.5 50 27.7 36,05 10.5 1017.9 Z.1 1.19 125 1 2
Highe 1 093 2323 73 15 2 28.5 70 27.6 36.08 10.5 1017.0 2.1 1.21 37 2 7
Hight 1 094 2346 73 15 2 2B.5 BO 27.6 36.11 11.3 1017.9% 5.4 2.51 22 0 i5
Hight 1 095 0002 73 15 3 2B.5 BO 27.6 36.11 11.3 1017.9 5.4 2,34 45 135 40
Hight 1 096 ©0OL7 75 20 3 2B.5 ED 27.6 36.11 11.1 1017.6 3a 1.33 21 54 3
Highe 1 097 0032 15 18 3 28.5 B0 27.6 36.12 11.2 1017.6 ¥ § 1.11 &0 1 23
Might 1 098 0047 75 18 3 8.5 80 27.5 36.12 10.5 1017.6 1.4 .55 105 1 5
Night 1 099 0103 75 17 3 28.5 B0 7.5 36,12 10.5 1017.6 1.4 +61 73 52 35



Table l.— Continued .

Time Sea Total
of Bottom  Wind state Mr Cloud  SurE, Surf. tow Barom. WET WEIGHT
Time Low Depth vel. Beaufort temp. cover temn. salinity time press. Speed Rel. Coel. Sargas. Manatee
riod Tow  (EST m knotus) soale {C) (2) (9] FFT (min) Rain (millibar) (knots) wol. {gm)  (gm)  (gm)
Night 2 100 0120 86 16 3 28.5 B0 27.6 36.12 11.4 1017.6 5.3 2.83 41 I8 b4
Hight 2 101 0136 88 20 3 28.5 10 27.6 36.12 11.4 1017.2 3.3 3.02 12 4 47
Hight 2 102 0151 8B 20 3 28.5 .11} 27.6 36.13 11.1 1017.2 1.9 2.10 1] 1] 57
Hight 2 103 0206 Ba 17 2 28.5 60 27.6 36.13 11.2 1017.2 1.9 1,72 i) 1] 65
Night 2 104 0223 a8 20 3 28.2 60 27.5 36,14 10.5 1017.2 2:6 1.33 10 8 16
Wight 2 105 0239 B4 15 1 28.5 &0 27.5 16.14 10.6 1017.2 2.6 1.31 86 ] 10
Highet 2 106 0317 BOD 16 3 8.6 60 27.5 36.15 11.4 1017.2 G h 2.45 2 1 17
Hight & 107 0325 80 15 i 28.6 60 21.5 36.13 11.4 1017.2 &b 2.5 45 & 25
Hight 2 108 0340 80 15 3 8.8 60 27.5 36,11 11.2 1017.2 2.7 1.20 47 L] 25
Highe 2 10% 0356 80 16 3 28.5 70 27.6 36.09 11.2 1016.5 2.7 1.27 130 17 2
Highe 2 110 0410 88 13 3 28.8 70 27 .6 16.06 10.5 1016.5 1.5 0.80 B85 o 0
Highe 2 111 0432 93 17 3 8.8 50 27.6 36.04 11.1 1016.5 1.5 0.77 23 0 0
Day 2 114 1107 Bé 1B & 29.0 60 27.6 36.10 11.4 1017.2 3.7 1.79 29 143 1
Day 2 115 1138 86 18 & 29.0 60 27.6 36.10 11.4 1017.2 3.7 1.94 10 20 19
Day 2 116 1156 B6 15 & 29.0 70 27.7 36.10 11.2 1017.2 i.7 0.68 7 20 3
Day 2 117 1212 BE 20 & 30.1 &0 27.7 36.11 11.2 1017.2 1.7 0.51 15 158 10
Day 2 118 1227 86 20 4 30.5 ] 27 .8 36,11 10.4 1017.2 2.0 1.14 o 54 k]
Day 2 119 1246 az 18 & 30.5 ] 27.8 36.12 10.6 1017.2 2.0 1.16 9 16 16
Day 2 120 1321 10 20 4 28.8 80 27.%9 36.12 11.4 * 1016.9 3.5 1.65 18 80 5
Day 2 121 1335 10 25 4 28.9 85 27.9 36.11 11.4 + 1016.9 3.5 1.53 23 137 3
Day 2 112 1351 10 25 & £9.5 90 £7.9 36.09 11.2 + 1016.9 2.6 1.10 19 3l 10
Day 2 123 1405 10 20 b 29.5 90 27.9 36.08 11.2 1016.5 2.6 0.92 15 15 11
Day 2 124 1420 10 18 & 29.5 90 27.9 36.07 10.6 1016.5 1.3 0.52 14 162 ]
Day 2 125 1433 70 20 & 29.6 B0 27.9 36.06 10.5 1016.5 1.3 0.57 51 59 6




of larval and juvenile fish, principally
Coryphaena, Caranx, Decaprarus, Sariola,

and Istiophorus.

Laboratory Procedures for Sortimg Ichthyo-
Elunktun

All neuston samples were returned to
the Marine Resources Research Inscitute
(MERL) where sorting of samples was con-
ducted. Fish eggs, larvae, and juveniles
were separated from the sample by sorting
the sntire sapple under a 4X magnifying
glass. Initial separation of fish larvae
from samples was double-checked by having
randemly picked samples re-examined. This
revealed that the initial sort removed
about 95% of all fish larvae.

In addiction to the analysis of
ichthyefauna, sargassum weed (Sargassum
spp.), manatee grass (Syringodium sp.t),
and jellvyfish were separated from each
sample and weighed. These measurements
were made to determine relstionships be-
tween the presence of floating flora,
coelenterates, and the presence or absence
of dchthyoplankton. Grasses and weeds vere
blotted with paper towels, allowed to stand
for 5 minutes, and then welghed.

Ichthvoplankrton Identification

All individuals that were of parti-
cular interest to MARMAP surveys or whose
characters allowed ready identificacion
were ldentified to species. Otherwise,
specimens were identified by genera or
family, and in two cases only by Eish
order.

Lengths ware measured as fork lemgth
in forked tail species and total lengths
in all others. Lengths were taken from
single specimens or from the largest and
smallest specimen of coach dduntifiad
species (or other caxon) at each station.

Lengths were taken from all specimens
of the silver driftfish, Psenes maculatus,
and Hemiramphidae because rhese were used
to avaluate towing characteristies con-
cerning ranges in size of catches.

Experimental Desipn and Methods

Qualitative aspects of the experiment
were (1) ease of handling of the two
lengths of nets on a pipe frame, (2) ease
of handling of the 8.5 m net on aluminum
and pipe fremes, and (3) damage to speci-
mens, particularly at different speeds.
Analyeis of variance (ANOVA) and analysis
of covariance provided information cen-
carning effect of light conditions upon
catches of selected groups of ichthye-
plankton, catching ability of the 8.5 mvs
the 4.9 m net, and effects of various co-
variates upon the catch of fchthyoplankton
Covariates in the experiment were time of
tow, depth, wind velecity, mea state, air
temperature, cloud cover, surface water

temperature, surface water salinity, total
tow duration including setting and re-
trieval times rainfall, barometric pres-
sure, relative volume of tow, towing
speed, wet weighr of sargassum weed, wet
weight of manatee grass, and wet welght of
coelentrates collected in each tow, These
data are summarized in Table 1.

Time of tow was recorded when the
lower beam of the frame entered the water.
Other environmental covariates were
recorded at the beginning of sach tow.
Total tow duration was the sum of time ex-
pended in setting, towing and retrieving
the net. Relative volume of water strain-
ed was determined by the formula: Relative
Volume Strained = (Speed) (Total tow time)
(Average fracrion of net in water).

The affect of net size, period 1 or 2,
(1 day and 1 night sat of tows included in
each period) and night vs day were tested
using & 3 wvay ANOVA fixed model which is
illustrated helow:

u+t + aj + hk + Lalj + th

X =
ijkl i ik

+ abjk & ‘ﬂb‘tjk + ekl

1, 2 (nets)

1, 2 {periods)

1, 2 (diurnal pericds)
1, & (replicaces)

. LT
B B

Analysis of variance tests vere conducted
by the Biometry Department of the Medical
University of South Carolina utilizing a
BEMD program. Partial correlation analyses
were performed using the EMDO3R program.
Partial correlations were calculated one
at a time adjusted for the remaining co-
variates.

Results

Frame Tests

The purpogse of the test wvas to com—
pare easc of handling and operating effi-
clency of an aluminum pipe frame with a
standard iron pipe frame. The aluminum
frame waz lighter, but unfortunately was of
larger diameter than the iron frame!

Frame Welight Diameter
iren 25.4 kg 52 mm

alumimm 18.6 kg 72.5 mm

The outside width to height ratic of the
aluminum frame was also greacer (2.155 x
1.160 m vs 2.115 x 1.120 m), and the canvas
coller of the net had to be strapped to the
back of the frame, rathar than fitted over
the frame as was the case with the iron
framea.

Visual comparative observations of
operation follow., The eluminum frame was



bulkier on deck (with its sxcessive pipe
diameter). It was more difficult to
balance on the reil, and tended to dipmore
inte the water on setting. At a towing
speed of 1 mfsec, the lighter alumimm
frame was more buayant and rode higher in
the water, necessitating play-out of axtra
towing cable to position it half-submerged.
At 2 and 3 w/sec it was only slightly more
buoyant than the iron frame, but tended to
averreact in pitching and biting into
moderately rough waves., The large diameter
of the aluminum frames produced relatively
large bow waves with the vertical arms (ca
40-50 cm high at 3 m/sec); this may have
affected catching ability.

Our experiment with these frames
suggested two possible improvements:
(1) The bottom beam of & pipe frame should
have holes drilled in it to reduce bucyancy
(2) Use of a flar solid frame (example, 1.5
¢m X 7.5 cm aluminum bar) instead of the
tubulary one to improve cutting and holding
ability and reduce weight and buovancy.
Holes drilled in the back margin would
facilitate met lashing; 4 holes drillad
inta the forward edge would eliminate weld-
ing of towing eyes.

Ease of Handling

The 4,9 m net was much easier to han-
dle and secure than the 5.5 m net, especi-
ally in high winds and rough sess. The#.9
@ net could be washed down for cleaning and
specimen concentration and cellection fast-
er and more efficiently,

General Observations

Proper lengths of the towing wrap and
bridles used to secure neuston gears are
influenced by sea state, towing speed, and
vessel characteristics. These may be
detarmined heuristically in order to ob=-
tain a desired fishing depth. In addi-
tion, the variance about the net's mean
fishing depth increases greatly in rough
seas. Because of this, it may beappropri-
acre to define a standard neuston tow asone
achleved within a certain range of sea
condicions,

Neuston nets ere excallent collactors
of floating weed and associated fauna.
This gear also collects floating plasties
and tar aggregations. Both of these
characteristics contribute to sample hand-
ling problems.

Demage to Specimens

Characters used to assess damage were
chogen on the basis of their value in
identification of fish larvae and their
eege of observacion (Table 2). Auxis sp.
and Gerreidae were chosen because they were
neicher overly fragile mor hendy. A ran—
dom sample of 50 specimena of Auxis sp.
were chosen for selected stacions and all
specimens of (possibly a single species)

Gerreidae for selected stacions were ox-
amined. Other groups could have been
selecced, but it was assumed that these
were representative of ichthyoplankton in
this ares and would accurately reflect
levels of damage likely to be experienced
by other fish larvae.

In general, the level of damage sus-
tained by fish larvae appeared to be
directly proportional to towing speed with
relatively little damage occurring at
speeds between 0.65 and 1.5 m/sec (1.3 to
3.0 kmots). Observetions in Table 2 also
indicated that different species sustained
different levels of damage.

The above results suggest that the
choice of towing speed must be determined
in large part by objectives of a program;
particularly, if one species or a selected
size tange of specimens is soughr. For ex-
ample, if the main objective of a program
were to obtain undamaged specimens of slow-
er moving larvae, one would tow at slower
apeeds. Conversely, if larger or more
mobile larvae were socught, one would towat
faster speeds and design gear that would
minimize extrusion of larvae.

Escapement

Anothar consideration concerning tov-
ing speed is the size of individuals cap-
tured. Table 3 gives the range in total
length of fish larvae taken in this experi-
ment. These data do not show any clear
relationship between size at capture and
towing speed, suggesting that more mobile
larvae were able to emscape the gear at all
speeds emploved. This observation was
supported by the fact that analysis of co-
varisnce tests revealed that only catches
of Exocoetidae and Psenes maculatus was
affected by towing speed. Thus, it appears
that the data were not parcicularly useful
in determining escapement because we did
not tow fast enough to capture larger
larvee. Nevertheless, when one considers
those species-groups that included at least
10 individuals (59), it was apparent that
the maximum total length of about 59% (35)
was less than 25 mm (Table 3. Moreover,
the maximum total length of Z&4% (14) of the
species-groups was between 26 and 50 mm.
These obsarvations suggest that larvae at
the upper limit of the gize range for each
species were escaping and that escapement
gize varies considerably from species to
species.

Few Catch Data

Table 3 gives catch dara in decend-
ing crder of individuamls. The 20 most
gbundant taxa contained B85.57% (%,088) of
the total numbaer of specimens. The remain-
ing 92 species-groups contained 14.43%
{1,533) of the total individuals. Table 3
also gives the frequency of occurence in
mumber of tows and the general distribution
of larvae throughout the area and time



Table 7. Damage to selected morphometric characteristice of the fripate mackerel, Auxis sp., and of the family Gerreddac collected at various towing
spaeds by the Boothbay neuston net.

AUXIS 5P,
Caudal Fin Body
Eyes Missing | Head All 75% 25% Anterior Posterlor
Tow Sample Left Right Missing Mangled Missing Mizssing Missing Undamaged Torn Torn
Humber Speed Size Ho. X No. X No . X Mo. 2 No. 1 No. X Ho. X Ha. X Ha. ! Hio . X
100 3.3 50 49 98 50 100 - - e85, 32 1 2 14 28 % 68 1 2 23 46 - -
106 b 50 48 96 49 98 - - 22 44 - 6 12 44 BB - - 21 42 2 4
107 &4 50 50 100 49 98 = = 25 50 = - 6 12 32 64 12 24 20 40 = =
108 2.7 50 28 56 E L - 1 2 9. 18 1 2 & ] 29 58 1% a2 3 10 - =
109 2.7 50 F T 21 44 = - 10 20 2 4 - - 29 58 19 38 5 10 3 6
110 1.5 50 8 16 8 16 - - 3 [ 1 2 1 . 27 54 19 38 1 2 2 &
111 1.5 50 & & 5 10 - - % 18 3 ] 2 & 24 48 21 42 1 z 2 4
GERRE IDAE
__Caudal Fin Body
Eyes Missing Haad All 75% 25% Anterior Posterlor
Tow Sample Left Right Hissing Mangled Missing Missing Missing Undamaged Torn Torn
Husber Spead Size Ho. X Ho. X Ho. % Mo. X No. X Fo. X Ho. % No. % Ho. 4 Ne. b
100 5.3 B 5 62 5 62 4 50 - - - - 2 25 6 715 - - 1 12 - =
101 3.3 14 4 28 10 70 = - 11 77 2 14 P ] 5 i5 - - 2 14 - -
108 boh 9 i A | & 66 - - 5 55 - i T 1l - - 1
107 b.ob i 1 1 4 56 = = 3 &2 = - - - g 100 - - - lf } X
102 .9 [ L S Ly = - - - - - = - 3 s0 30 - - - - - -
103 3.9 6 4 B& - - - - - - £ 2 3 50 3 =g A& o = = — 3
108 2.7 3 1 20 - - - - - - - - - - 5 100 = - - = = -
109 2.7 7 1 14 1 14 = & = o e g M a 3 4 4 56 A A - - T
104 2.6 3 - = = - - - - = - - - = 3 100 -l (b a < = 2
105 2.6 5 - - = = = - - - - - - = i &0 = = = = E =
110 1.5 1 = - - - - - - - - - - = 1 100 - - - e = =
111 1.5 3 1. 33 = = - - - - - 1. M 2 b6 - - - - - -

0T



Table 3. Mumbers of individuals collected ranked in order of decreasing abundance in intensive phase of neuston experiment (+ = significantly
more abundant for day or night, or no significant difference in catch between day and night at 5% level of significance).

Eelative
Range abundance
Total Humbe Humber Data total Number in number
number in night in day too length of tows of tows
Species group caught catches catches Day Hight Both few {mam) present present
Auxis 3576 573 3 + 2-16 26 12
Exocoetidae 1245 700 545 + 4=83 45 1
Scombridae 907 906 1 + =15 8 29
Gerreidae 513 229 284 + S5-14 43 2
Tetraodontidae 409 15 184 + =1 29 9
Hullidae 148 T 141 + 5=21 29 ]
Mugil curema 230 17 153 + 6-18 40 4
Priacanthidae 223 222 1 + 3=30 25 13
Coryphaena hippurus 217 188 24 + 9-62 34 5
Caranx crysos 191 &7 124 + 7-37 42 3
Goblidae 180 179 1 + S=14 22 16
Anguilliformes 143 142 1 + B=84& 24 L&
Carangidae 128 125 i + 3=5 21 17
Poenes maculatus 125 125 0 + H=49 20 18
Hemiramphidae 124 97 27 4+ 6-57 11 7
DecApterus punctatus 118 b 72 + 24=47 iz (-]
Fish 113 a0 23 + 3-32 23 15
Monacanthus setifer 103 11 92 + 9-35 30 B
Scorpaenidae 102 92 10 * 3-11 29 9
Holocentridae 93 93 i + 3=17 21 17
Caranx 91 BY 4 + =32 24 14
Synodontidae 88 8e ] + 5=-32 18 20
Euthynnus alletteratus LYl &7 0 + 3-10 18 20
Monacanthus hispidus [ 3 &l + 14-58 22 16
Opisthonema oglinum [ 55 Fi + 5=15 20 18
Istiophorus platypterus 59 26 33 + 3-18 26 12
Dacapterus 5d 53 1 + 7=-11 18 20
Coryphaena aguisecis 54 50 [ + 8-18 21 17

1T



Table 3. Continued.
Relative
Range abundance
Total Humber Humber Data total Number in number
number in night in day too length of tows aof tows
Species group caught catches catches Day Hight RBoth few (mm} present present
Aluterus 49 6 43 + 1-105 17 21
Trachinotus falcatus 48 il 17 + 7-18 19 19
Balistidae 1 21 25 + 3-12 23 15
FPomacentridae L1 29 17 & 5=20 28 10
Labridae LT &3 1 + 5-18 18 20
Scomberomarus cavalla il 39 2 + 5=10 18 20
Serranidac &40 40 0 + 3-16 15 23
Cynoglossidae 39 39 0 + S=16 16 22
Kyphosus 19 15 24 + 7=21 18 20
Selar crumenopthalmus 18 18 20 + 6-69 15 23
Bothus 34 33 1 + J-22 16 22
Canthigaster 33 31 2 + 3-17 14 2
Monacanthus 13 ;| 30 + 8=30 11 26
Dactylopterus volitans a0 3 30 + 8-30 11 26
Seriola 26 L 22 + 5=18 14 24
Seriola rivaliana 25 0 25 + 14-43 g 28
Caranx hippos 23 21 2 + 6=12 14 24
Syngnathidae 22 19 i # 7=69 15 23
Apogonidae 22 22 o + 4-10 12 25
Rachycentron canadum 19 19 1] + 6=13 11 256
Balistes capriscus 18 5 13 + T=01 10 27
Belonidae 17 B L] + 1=-718 1 30
Bothidas 17 17 1] + 4=15 B 1
Trachurus lathami 15 15 1] + 4=13 2 35
Thunnus L4 11 3 + 5-10 [ 33
Megalops aclanticus 14 14 1] + 18-66 2 35
Coryphaena 13 12 1 + 5=9 9 28
Syacium 13 13 0 + 2-30 7 30
Thunnus atlanticus 11 9 2 + 5=10 11 26
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Tabhle 3.— Continued .

Relative
Range abundance
Total Number Humber Data total Humber in number
numher in night in day too length of tows of tows
Specles group caught catches catches Day Highr Both few {mm) Present present
Trachinotus carolinus Lo 9 1 + =14 7 30
Sphyraenidae 1o 1 9 + 11-21 4 i3
Crammistidae 7 7 1] + 7-18 7 30
Cubiceps athenae 7 7 1] + 15=-134 [ 31
Gonostomatidaa 7 [ 1 + 5=12 & 33
Blennidae 7 7 0 + 6-10 3 34
Ostraciidae 6 & z + 4=12 i 31
Hippocampus [ 5 1 + G=bd 5 32
Lohotes surinamensis 5 & 1 B B=18 5 3z
Gymnachirus melas 5 5 0 + B=7 3 32
Perciformes 5 3 2 + 3-12 k| 34
Echeneidae 5 5 0 + G=11 3 34
Mugilidae 5 4 1 + 7-12 2 35
Fleuronectiformes 5 5 4] + 5-7 1 36
Alectis ciliaris 4 & (4] + fi=16 1 13
Seriola fasciata & 1 3 + 15-29 & 33
Centropristes striata 4 4 1] + 5=7 3 34
Sciaenidae 4 4 i + -8 1 a6
Caranyx latus 4 1 3 + 22-27 3 as
Myctophidae 3 1 2 + fi=11 ;| 34
Elagatis bipinnulata 3 2 1 + 511 3 34
Cyclopsetta fimbriata 3 i 0 + =22 3 a4
Sphyraena 3 1 2 + 13-23 2 15
Aluterus scriptus 3 3 ] + 7-48 2 i5
Elopidae 2 2 1] + 18-20 ; i:
Harengula pensacolae 2 1 1 & 11-13
Fistulariidae 2 2 0 + 53-60 g g;
HMugll z 0 2 + 3]
Callionymidae 2 2 0 + 5-8 2 35
Thunnus albacares 2 2 0 + 7-8 2 i5
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Diurnal Differences in Catch

Catches for many species veried
significantly between day and night
pericds. Although data were too few
clasgify the period of highest abundance
for 70 species-groups, 26 groups demon-
strated significant wvariation in the num—
ber caught during daylight and nocturnal
hours. Catches of six groups did not
differ from day to night (Table 3).

Analysig of Variance and Covariance Tests

The first analyais of variance test
wags the fixed, three way ANOVA previously
mentioned. The design variables were net
siza, night vs day and perdied 1 or 2.
Inirially, transformed data (using small
number transformation) were analyzed.
Subsequent analysis indicated that the
assumption of normality was not being
violated., Therefore, untransformad data
were utilized in all succeeding analvses.

The resulcs suggested cthat day vs
night, period 1 or 2, and the period-day
va night interaction significantcly affect-
ed tresults of the anlysis (Table 4). Note
that the nat size did nor significantcly
affect catechas of the respective species=-
Zroups.

Wext, analyses of covariance were con-
ducted (see Teble 1 for values of covari-
ates). Covarilates were tested one at a
time vs catches of each specles-group ia
each tow, Results are shounm in Table 5.
Because a number of covariates did not
appear to influence catches, tha model was
collapsed to include only those covarilates
that appeared either to affect eatches
significantly or were of particular biolo-
gical interest. These were surface tem-
perature, surface salinicy, total towdura-
tion, barometric prassurs, speed, relative
volume strained, wer weights of coelenter-
ates, manates grass, and sargassum weed.
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Results are shovn in Table 6. HRelative
volume of tows and weight of coelenteretes
did not appear to be ralated ta catehes
and will not be disecussed further, Baro-
metric pressure appeared to significantly
affect the catch of Exocoetidae. This may
be a spurious corralation or it may raflect
a chain of meterclogical events affecting
availability of light; hence, catches. The
other covariates appeared to influence
catches in two or more species-groups and

these relacionships will be discussed
later.

When the main treatment effects
(period 1 or 2, days vs night, and cheir
interaction) were adjusted for covariates,
they did not appear to significancly affect
catches of larvae (Table 6). This was in
contrast to the results of the inicial
ANOVA test conducted without covariates.
This appeared reasonable for the period and
the interaction effect but unreasomakle for
the day ws night effect because (1) an ex-
tensive literature exists documenting the
effect of light conditions upon vertical
movement of plankton including fish larvae
and (2) Chi-Square sanalyses demonstrated
distinet differences in catches of many
species-groups between day and nighe.
These results indicated that the assumption
of indepsndence of covariates end design
varieble had been violated. Therefore, the
covariate model appeared invalid and alter-
native statistical methods were indicated.

Mext, anslyses of variance tests for
individual covariates adjusted for other
covariates were performed. Several covari-
ates did vary significantly between day and
night but not berween the other 2 main
treatment effects (Table 7). This was not
unexpected for surface temperature. Im
fact, according to our interpretation, this
explaine why the surface temperature
appaared to influence catches significantly.
In essence, changes in light conditions,
not correlated surface temperatures, Were

Table 4.— Reaults of thres-way snalysis of varfance (Fixed sodel] on catches of 36 selected spesies-groups
tahen in the Intenslve phass of the seuston geat experisent (+ Lls @fgnificane ae 3T liveld.

Nel &lzm=

Mot aime= et slzm= Pes lod= o~
It Day ve poriod day ve night day we alght day ve rlght
Spec Lea-g¥ oug alea Pariod night {ncgraceion incersction interaction Interact ion

51"_"‘“‘%-"; L T i’ * x
anguiliiforses + +

lemirsaphidas - *
Exocoatidas

inlocantridas *
Mugll eursss *
Friscanthldas *

Caraes cryass

Trachinotus falearus
Corvphasna equisetis
Coryphasna hlppurud
Carroldas

Hullddare

Fomacentridan &
Auxim

Euspas paculitos

Cobildas

Erorpaen ldas

Halintidas

Henscantbus hispldus
seriler *

Tetraodontidas

Toral mumbars

A B

*
i

L

- " +
*




Table 3.— Continued.

Relative
Range abundance
Total Number Humber Daca toral Number in number
number in night in day too length of tows of tows
Species group caught catches catches Day Night Both fow (=) pPresant present
Brevoortia patronus 2 2 1] + 7=-8 1 36
Engraulidae 2 2 0 + (] 1 16
Katsuwonus pelamis 2 2 0 + 5 1 36
Rajiformes 1 1 0 + A 1 i6
Anchoa 1 1 0 + 10 1 36
Beloniformes 1 i | + 7 1 36
Euleptorhamphus velox 1 Q 1 + i3 1 i6
Bregmacerotidae 1 1 1] + 7 1 i6
Mugiliformes 1 0 1 + 5 1 36
Hemora remora 1 0 1 + 33 1 16
Rachycentron 1 1 o + 5 1 16
Selene vomer 1 1 0 + 18 1 36
Trachinotus 1 1 o + 5 1 16
Chastodipterus faher 1 0 1 + 5 1 16
Holacanthus 1 1 0 + 10 1 36
Acanthoeybium selanderi 1 1 1] + 7 1 36
Xiphias gladius 1 0 1 + 5 1 6
Psenes cyanophrys 1 1 1] + 45 1 36
Psenes pellucidus 1 i 0 + 19 1 36
Canthidermis 1 L 0 + 16 1 36
Canthidermis maculatus 1 l ] + 21 | 6
Canthidermis sufflamen 1 | 1} + 21 1 36
Monacanthus 1 0 1 + 21 1 6
Monacanthus cilintus 1 0 1 + 17 1 36
Decapterus macaréllus? 1 1 o + 11 1 36
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Table 5. HResulcs of analysis of covariance tests, ong covariate at a time
vs catches of 26 selected specles-groups (+ is significant at 5%
level).

Time Total Wetr weipht
of Wind Sen Alr Clowd SBurf Burfl tow Barom, Rel. Mana- k -
Species-group Tow Depth wel. state temp. cover temp. sal. time Rein press., Gpeed wvol. Coml. toe ASSUmD

-

Opisthonems oglinum +
Anguilliformes

Hemirsmphidae

Exocoetidae

Holocentridae

Mugll curems *

Priacanthidae + *

Laranx crysos
Irachinotus falcatus
Loryphoens eguisetis
LCoryphaena hippurus
Gerreidac +
Mullidae

Pomacentridae + +
Auxis +

Iaticphorus platypterus + +
Peenes maculatus *
Gobiidae )
Scorpaenidae + +
Balistidae + + +

Monacanthus hispidus + + *
Monacanthus setifer +

Tetraodontidee + + + + +

Total mumbers + + +

* + ¥ +
+
* % + *
+
+
%

o+ F A+
e
+

+ 4+ 4
*

+ +
-
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Table 6.,— Results of analysis of covariance tests upon selected covarlates adjusted for themain treatment effects peried, day vs night and the
period-day va night interaction (+ is significant at the 5% lavel).

Feriod Total Wet weight
day vy day vs Surf Surf tow Barom. Rel. Mana- Sarg-
Speciss-group Period night night temp. sal. time press. Speed val. Coel. tee AsKUM

Opisthonema oglinum

Anguilliformes + +

Hemiramphidae +

Exocoetidae + +
Holocentridae

Mugil curema +

Priacanthidae + + + +
Caranx crysos

Trachinotus falcatus

Coryphaena equisetis +

Coryphaena hippurus + +
Gerreidaes +

Mullidae + +

Pomacentridae +

Auxis +
Iatiophorus platypterus

Peenes maculatus +

Gobiidae + + ks
Scorpaenidae +

Balistidae

Monacanthus hispildus + +
Monacanthus setifer +
Tetracdontidae + + &

Total numbers +

LT



probably responsible for mignificant re-
sults obmerved im Tables 5 and 6, EHimilar-
ly, an exanination of the data suggested
that although barometric pressure did
change over the experiment, it did so in-
dependently of the experimental design and
for that reason was not considered a causa-
tive agent in the analysis. Conversely,
the fact thar the covariates total tow
duration, speed, and relative volume
strained did not vary significently meant
that the execution of the expariment was
satisfactorily accomplished with a minimum
of bims. Finally, observed changes in wet
weights of manatee grass amd coelenterates
were not unexpected and did serve bo pro-
vide information for testing correlations
of these factors with catches of ichthyo-
plankton.

Parctial Correlation Analyses

As mentioned earlier it appeared that
catches of some species-groups were affect-
ed significantly by lighr conditons and
other covaristes. For that reason condi-
tions (day vs night) were treated as a
covariate together with other appropriate
coveriates which were given in Table 6.
Partial correlation analyses were conduct-
ed, and the results are given in Table 8.
Significant relationships are discussed
below.

Total tow time had a positive corre-
lation for one species and 3 family groups,
These 4 groups were composed of late lar-
val and early juvenile stages. Thegreakt-
er catches with increased tow time suggests
that they were more ubigquitious and uni=-
formly distributed over the surface at this
stage of their epipelagic development than
ware other groups tested.

Catches of two groups were positively
correlated with speed. This was expected
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for Ecocoatidaa because some fairly large

juveniles were teken and we know that these
can aveid slow moving nets. Conversely, we
can not explain increased catches of Psenes

maculatus with speed because we know very

little concerning thier habits.

Diurnal period had positive correla-
tion with two groups. The bigeyes
{Priancanthidae) were caught in all of the
24 night tows, and a single specimen was
taken in one day row. The eels (Anguilli-
formas) ware caught inm 23 of the night

tows, and a single specimen was taken in a
day tow.

Correlations of catches wicth surface
temparature tust be considered in relation
to & probable causative agent; namely,
changes in diurnal periods. Thus, because
surface temperature are lower at night, we
interpret negative correlations to indicate
that catches increased at night. Converse-
ly, a positive correlation meant that
catches were greatest during daylighe
hours. We do not fully understand why cer-
tain specles were caught under particular
light condicions, but our results indicate
that investigators, whe analyze ichthyo-
plankton survey data, should attempr to
account for any effect upon catches induc-
ad by light conditions or phenomenon
agsoclated with changes in light condicion.

Catches of the planehead filefish,

Monacanthus hispidus, pygmy filefish,

Monacanthus setifer, and dolphin,

Coryphasna hippurus, increased with concen—

trations of sargassum weed. The filefishes
may be color coded to Sargassum and as
pelagic juwveniles are well known to use
this habitat., The modest correlation ef
Coryphaena hippurus {and the lack of corre-

lation of its cogener, C. equisetris with
Sargassum is an interesting phenomenon,but
any real significance is unknown to us.

Tahle 7.— Results of enalysis of varlance tests on selected covariates adjusted
for other covariates for the main treatment effects of periocd, day we
night, and the period-day ws night interaction (+ is significant ar 5%

level).

Period=
day vs night
Covariate Period Day va night interaction
Surface temperature +
Surface salinity
Toral cow time
Barometric presasure +
Speead
Relative volume
Wet weight sargassum
Wer welight mantes +
Wet weight coelenterates +
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The presence of manatee grass during
the survey wes moat urmsual. It occurred
ag dead, bleached, broken bits {ca 2 o 23
mm long), in wind-collected rafts about 0.5
te 3 m< arca. The grass appeared in the
same general area asg did sargassum weed,
but appeared to form discrete pods.
Catches of puffers, Tetradontidse, were
positively correlated with density of mana-
tee grass, The white opague pods of mana-
tee grass may have provided covering
habitat for the globular, whirte-bellied
puffers.

The negative correlacion of Exocoe-
tidae with mantee grass suggests an avoi-
danece reamction. It is possible that mana-
tee grass may impede the mebilicy of
Exocoetidae and may offset their body-fin
camouflage which might meke them more
vulnerable to predation.

Discussion and Conclusion

This experiment was constructed pri-
marily to test the effectiveness of the
4.9 and 8.5 m Boothbay neuston nets con-
cerning (1) ease of handling, (2) catching
ability under varving tow speeds and light
conditions, and (3) conditions of speci-
mens after capture.

The 4.9 m net was clearly superior to
the 8.5 m net in both ease of handling and

processing of specimens after capture. The

§.9 m net is obviously less expensive to
purchase and maineain. We recommend its

I1

Parnes maculatus

Iatiophorus platyptares

Gerridan

Ml lidas
Posacentridae
Auxis
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adoption as a standard gear item, and
suggest a comparison of the 4.9 m nat with
a shorter version (4 m or 3 m), and a nec
design with more bag and less taper.

There was no significant difference in
the catching abilicy of the two nets, al-
though the 4.9 m net sctually caught more
specimens during the test.

There did not appear to be any signi-
ficant difference in condition of aspeci-
mens after capture between nets. However,
ease of processing samples from the 4.9 m
net may reduce damage somewhat.

Damage to specimens appeated to
incresse with increasing speed and the
level of damage suscained varied between
species-groups.

Damage to specimeéns increassd, 88 e&X-
pected, with greater towing speed. Specds
of 1 m/sec produced minimal damage, and
specimen damage to speeds of 2 mfsec was
modest. Even at 3 m/sec damage was not &0
severe that great difficulty was experienc-
ed in identifving torn or broken specimens.
We recommend 2 additional experiments, one
to determine maximum net spesd possible
within 1dmits of safety and reguler gear
behavior related te gross specimen damage
to a point of unidentifiability, and a
second experiment to quantify the relation-
ships of towing speed and towing time dura=-
tion with total volume of water sampled.
We subjectively recommend & routine towing



procedure of 3 m/sec for 10 minutres.

Chi-Square analyses indicated that the
catches of 36 species-groups vere affected
by changes in diurnal peried. Catches of
28 increased at night, whereas ecollections
of B weare greater during daylight hours.

Analyses of covariance indicated that
a number of facrors including rotal cow
time, towing speed, diurnal period, surface
temperature, sargassum weed, and manatee
grass were correlated with catches of
ichthyoplankton. In addicion, the effect
of surface temperature appeared to be an
apparent effect actually produced by light
or other conditions, not by observed
changes in teéemparature. Thug, a negative
correlation meant that catches increased
at night; vhereas, a positive correlacion
indicated greater catches during daylight
hours.

The results of the neuston gear ex-
periment indicate that (1) the 4.9 m net is
the preferred net for routine surveys, (2)
acceptable towing speeds lie between 1 and
3 m/sec, and (3) choice of sampling hours
should take into account variation in
catches associated with changes in light
conditions.
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Appendix Table l.= Values of partisl correlation coefficients with confidence
limits, P = .95,

Confidence
Species-group Covariate I limits =
Anguilliformes Fiurnal periods 0.63 L7, .78
Exocoetidae Speed 0.68 50, .79
Manatee =0.3h =80, =.56
Holocentridae Surf temp. -0, hk -.21, -.58
Hugil curems Total tow time 0.62 L2 LT
Priacanthidae Diurnal period 0.6k 45, .78
Corypheenn equimetis Surf temp. =0.35 -.08, -.50
Coryphaena hippurus Burf temp. =0,37 - 22, =66
Bargassum 0.33 .06, .55
Gerridas Total tow time 0.45 .20,, .64
H'l.lllid.ﬁt Eu.‘l.'f t-ﬂlp. DiTl IEEf |a2
Totel tow time 0.42 A6, .62
Pomacentridae
Auxis Surf temp. -0.43 -.18, -.63
latiophorus platypterus
Peenes maculetus Surf temp. -0.33 -.05, -.54
Total tow time -0.30 =02, -.52
Speed 0.48 .21, .65
Gobiidae Surf temp. =0.ho =.2h, =.67
Scorpaenidue Surfl temp. -0.33 -.08, -.50
Monacanthus hispidus Surf temp. .51 29, 69
Burgassum 0,57 «20, .65
Monacanthus setifer Sargassum 0.58 <32, .71
Tetradontidas Surf temp. 0,47 .20, 64
Total tow time o.hg .2k, .68
Manatee .54 A2 1T

U faleulated from Table A.11A of Steel & Torrie {1960} .
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