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INTRODUCTION

Knowledpe of the vertical distribution of pilchard eggs and larvae
is of interest from two standpoints: first, in adding to the general knowl-
edge of the early life of this species in the sea; and second, in defin-
ing the vertical range of its early stages so that regular surveys of the
spawning grounds may be designed to sample all strata in which eggs and
larvae are to be found., In reference to the second point it was desired,
if possible, to relate vertical distribution to physical characteristics
of the sea, so that the depth to whichnets 'must be sent might be predicted,
It was felt that the concentration of organisms at a given depth would
be controlled chiefly by temperature, density, and light intensity. The
analyses described in-this paper have been designed to discover and de-
fine the relationships between these three variables and the vertical dis-
tribution of pilchard eggs and larvae.

METHODS

The field technique employed throughout the experiment was to make at
gach station successive net hauls, each sampling a layer of water below that
of the preceding haul. In 1939, hauls were approximately horizontal. In
1941, however, oblique hauls were adopted to preclude the possibility of
missing concentrations of larvae in the gaps between hauls. ERach oblique
haul extended diagonally from the top of the layer to be sampled by the next
haul, to the boltom of the layer sampled by the preceding haul. The "sur-
face" haul was made with an open net, while for the others the net was low-
ered closed to the desired level, hauled for from 15 to 20 minutes, closed,
and brought to the surfacs.

Closing nets used were identical, except for dimensions and materials,
with the one described by Leavitt (1935), and the tripping device was the
one figured by him in a later paner (Leavitt, 1938, fig, 2). Sizes of nets
and materials usced are given in the list of stations at the end of this paper.

Temperatures were taken in 1939 with reversing thermometers, and in 1941
with a bourdon-type bathythermograph modified from the one described by
Spilhaus (1940).

Tlater flow was measured in the 1939 hauls by a meter consisting of
an impellor and counter. "Stray angle! (departure of thé towing wire from
the vertical) was measured with a pendulum protractor.

PZRIOD AND AREA COVERED

Stations were located within .a radius of 120 miles of San Diego, Cali-
fornia, and were in an area somewhat to the south and east of the areas of
heaviest pilchard spawning as indicated by other surveys. Four series of
hauls were made in April, 1939, and seven in april, !May, and June, 1941.
Exact. locations, dates, and depths fished are given in the list at the end
of the paper.



CLASSTFIUATTION OF MATERTAL

Eggs and larvac were of course treated separately. Also, to take ac-
count of the fact that motility incrsases with size of larvae, these were
divided into two categories; "large" and "small". A dividing line of 8 mm.
had previously been used in other work, with which it was desired to compare
the results of this analysis., Since this line did not split a mode in the
length frequency distribution of larvae in the vertical serial hauls, it
was retained for the present study.

Some larvae of the "small!' group were lost through the meshes of the
one~-meter nets used., This, however, does not nccessarily invalidate com-
parisons between numbers caught at different lavels with the same net, since
the loss should be a constant percentase of the total number caught.

A Y
STANDARDIZATION OF HAULS

Because of unavoidable variations in the spsed of the ship and time
of hauling, the amount of water strained by the net varied from haul to
haul, even within a single series. These variations were discounted by
putting all the hauls in each series on the hasis of a2 standard volums of
water strained. For the 1939 hauls, flow of -mter through the nets was
measured directly by a current meter, but for the 1941 hauls the relative

! o S her . .
amount was computed Irow the formula.ﬂ~ TERTs 2 where W" the ratio be
tween the amounts of water strained for zny thio hauls, and Z& and /o = their
respective stray angles. Actual volumes of water straincd averaged around
hOO cubic meters for the one-meter nets, and 100 cubic meters for the half-
meter nets. The numbers of organisms in the hauls were multiplied by fac-
tors (Vs, where Vg = standard volumc of water and Vy = volume strained in

Vh
given haul) which made the numbers the same as if the standard volume of
water had beén strainesd, and had contained the same concentration of organ-
isms as the water actually strained.

Because of the great rangs in numbers of organisms (irom 6 to 6,000
in a single series of hauls) they could not bz represented graphically
on the same scale. Since the change in concentration froim one series to
another was not of interest, but only the changes Irom haul to haul within
a series, the graphing difficulty was overcome by representing each vertical
szries by a polygon of equal arca. To do this, the product of numbers of
organisms by thickness of layor sampled was obtained for sach haul. These
products were sumaed for cach station, and the original counts oIl orgzanisms
were multiplied by factors which made the sum of such products z constant
for all stations. 3Besides overcoming the graphing difficulty, this compu-
tation placed the numbers at ecach level for all of the stations on a com-
parable basis, permitting direct comp2rison of catches at different levels
even though they weres not taken at the same station.

To avoid excessive rando.: variadility froi smell numbers, series con-
taining less than 100 cggs, 50 small larvae, or 5 large larvae, were omitted
from the analysis.



In order to construct the polygons mentioned above, it was necossary
to compute the average depth for cach haul.. For th: 1939 hauls, when the
stray angle was measured two or threc times during a houl, the angles were
simply averaged and the deoth computed from the average anglc and the length
of the towing wire. In 19hl when angles were measured each nminute during
a haul, it was possiblec to construct a plot of th: course of cach haul,
(fig. 1). Avecrage depths were computed from the plots by measuring the
ar=a bounded by each onc and its bas;llnc, and dividing byt the length of
the baselinc.

EFFECT OF TEHMPERATURE

Inspection of the vertical profiles for relative numbers of eggs and
larvae, togetlier with the corresponding temperatur: profiles (fig. 2) in-
dicates a possible relationship betireen temperature and vertical distribu-
tion. Such a relationship could arise us the result of the sceking of an
optimum temperature by the larvae, and by the adult fish which lay the eggs.
Since pelagic fish cggs tend to remain in water of the samc specific gravity
as that in which they were fertilized (falford, 1939), the wertical distri-
bution of eggs should tend to reflect that of the parent fish at the time
of spawning. . This relationship is complicated by vertical turbulence above
the thermocline, which tends to disperse passive bodies like fish eggs.

Whatover the nature of the relationship between temperature and the
distribution of pilchard eggs, the larvee may be expected to respond directily
to changes in temperature, since they arc capable. of locomotion. Again
the relationship is probably complicated by othcr factors, such as the amount
of fodder organisms present.

To measure the correlation bbt\ubn temperature and concentrations of
egegs and larvae, the relative numbers wore plotted os regressions on degrees
centigrade (fig. 3). Hauls abovec a depth of 10 moters were omitted because
of the reversals in cgg and larvae profiles which often occurred in that
layer. - 41so oxcluded were zero hauls bilow the first, Inclusion of either
of these two categoriss of heuls would obszure the deercase from the maximum
concentrations dovn to zero, which is the point of chicf interest in the
regressions in so far as they arc to be uscd:in deturmining the depth of
nét hauls for rogular surveys. Corrclation cocfficiints were .590 for eggs

.557 for small larvae, and .548 for large larvae, corrcsponding to proba-
bilitics of .00, .0O41, and .02k of chance occurrcnec. Combining these
probabilitics by the method of Fisher (1936, p. 105) indicates that the
result, as a whole, is highly significent (P .0009 ).,

Of special intcrest in the foregoing corrilations are the intirsections
of the computed rcgression lines with their baselines, since these should -
indicate the temperature below which we would not expect to find eggs or
larvas: The indicated nlnlmum temperatures arc 10.5° for eggs, 12.4° for
small larvae, and 12.0° for large larvac. Since the rogressions for large
and small larvae were found by Fisher's (1936 p. 1L6) "t"'test not to differ
significantly in slopc, they verce combined, giving an indicated minimum of
12.0° for both size catcgoribs.



DIURMAL CHANGIS

To determine the extent and nature of diurnal changes in the vertical
distribution of pilchard larvae, two special pairs of serial hauls were
run in June, 1941, the first of each pair being occupied around midnight,
and the other around noon. Due to unavoidable novements of the vessel the
two members of each pair were not located at exactly the same point geograph-
ically, but approximately the same position was maintained and they were
probably in water of similar characteristics.

One of the chief differences between the night and day hauls was that
the former contained many more large larvae than the latter (fig. L4). This.
could result from any one of three causes: (1) location of the day hauls
in an area of lesser concentration than the night hauls, as a result of move-
ment of the ship through the water between the two series; (2) migration
of most of the larvae below the levels fished, during the daytime; (3) dodg-
ing of the net by the larvae, in the daytime.’

The first explanation is a hizhly improbable one, since the larper
catches at night have been observed many times previously, for other plank-
ton organisms and larvae of other speciss of fish. Also, our regular sur-
veys of the spawning grounds show the night catches of larvae to be con-
sistently larger than thes day.

The second explanation has been most 'idely entertained by others in-
vestigating vertical migrations. For instance, it was advanced by E. S,
Russel (1928) to explain the larger catches of clupeoid and gobioid larvae
at night, but he was later forced to abandon it when subseguent daylight
hauls near the bottom (Russcl, 1930) did not average larger catches than
the ones in the upper laoyers of water. For our own data, the taking of at
least two blank hauls (fig. li) below those which contiined any larvae, argucs
against the probability of a concentration of larvae below the levels sampled.

Elimination of the first two explanations leaves only the third -
dodging of the net in the daytime. Russel (1926) and Johansen (1925) admit
this possibility, but doudbt that fish larvae could swim fast enough for
successful dodging. On this point it may »e well to consider how fast it
would be necessary for larvae to swim in order to got out of the way of
the net. All nets towed in the conventional manner give warning of their
approach by means of the piece of line which attaches thew to the towing
wire. In our gear this line was about 5 meters long, while our average speed
of towing was around 50 cm. per second. The larvae would thus have zbout
10 seconds to swim out of the way. Since the maximum distance they would
have to swim would be the radius of the net, or 50 cm., a swimming rate of
5 cm. per second would be sufficient if the direction of swimming were favor-
able. This does not seem an incrcdible rate for pilchard larvae of the sice
in question (over 8 mm. in longth). Likcwise it doos not seem unreasonable
that they should swim away from the center of disturbince, and therifore
in a direction favorzble to escape from the oncoming nct. L

-
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In the day hauls the large larvac were nob only loss numercus than
in the night hauls, but ‘also appeared to be distributed in somewhat deeper
levels. A greater relative number of larvae at the douper levels in the
daytime than at night might result from more successful dodging of the net
in the better illuminated upper layers of watuer., A grecater absolute number,
haowever, could result only from downward migration in the daytime, providing
the overall concentration werc not greater. Such a domward migration
might well occur as a result of negative phototropism. Comparison of the
night and day hauls for stations 2452 and 2L5SL (fig. L) reveals that there
actually were morec larvae at the deeper levels in the day hauls. Four lar-
vae were taken in the day series at 59 metcers, and onc at 73 meters, while
none were tuaken at either of these levels in the night series. The signi-
ficance of these differcnces was tusted by means of Bayes' thoorem, (using
the formulation of Pearson, 1930, page lxx) considering a success, the pres-
ence of a larva at the indicated depth, and assuming the same overall con=-
centration for day and night (in other words assuming that the lesser num-
bers in the upper laycrs in the daytime were due to dodging of the net). .
The computation gave values of P of .06 at 59 meters and .50 at 73 mcters.
The latter, of course, does not indicate a sipnificant difference between
day and night hauls, but the formcr, closcly approaching the conventional
significance level of .05, gives some indicution of an actually decper dis-
tribution in the daytime.

In applying this result to the prediction of vertical distribution,
a knowledge of the ponetration of light at various timcs of day is neces-
sary. Unfortunately, no empirical data for the area off our survey arc
available, and we are forced fo arguc by analogy with ddta collocted else-
where. G. L. Clarke (193L) has- shown in his praphs that submarine irradi-
ation in the Atlantic Ocean rcaches nearly its maximum value shortly after
sunrise, and is maintained there until shortly before sunset. Accordingly,
extension of the regular hauls below 73 meters between sunrise and sunsct
would sesm to be necessary in order to make sure of sampling all strata in
which larvae were to be found.

SUIBIARY AND CONCLUSIONS

Analysis of catches of pilchard eggs and larvac taken in serial hauls
in 1939 and 1941 indicates the following relationships and ¢ffects:

1. A positive correlation of concentrations of eggs and larvae
with temperature, at least within the range of 10° to 17° C.

2. An apparent dodging of the¢ nets by the larger larvae, in the
layers of water which are illuminated in the daytime.

3. A negative phototropism for the larger larvae.

Such relationships with physical conditions as have been indicated
by the present study may, of course, hold truc only for the particular sct
of occanographic conditions prevailing at the times znd places where the
data were gathered. For instance, the relationship between the horizontal
distribution of pilchard eggs and temperature as indivated by our regular
spawning surveys for 1941 was quite different from that found in 1940,

5



However, the data for the present study were gathered in tvo diffurcent yoars
(1939 and 19L41) and over a considerable arca, so thzt they may pcermit of
some generalization.

It may have been noted that the concentrations of eggs and larvae are
correlated with depth as well as temperature, since the latter two are them-
selves highly corrclated. However, there arce some instances wherc the decper
extension of warm water corresponds with @ deeper distribution of c¢ggs or
larvee (cf. fig. 2). Also, there is some logical basis for a corrclation
with temperaturc, which might act either as the cause of direct rcaction
of the larvaec, or as an indicator of density differences affceting the dis-
tribution of eggs.

"It is not intended to argue that temperature itsclf necessarily controls
the vertical distribution of pilchard eggs and larvas. Their location may
be determined by complex racctions of the spavmers to a combination of physi-
cal conditions, including salinity, food, density, etc. To the extent thut
these would induce spawning in 2 homologous portion of the layer of wvater
above the thermoclinc, temperaturc may be mercly an indicator and not a cause.
This, of course, dous not dectract from the usefulness of toemperature as a
guide to vertical distribution.

As a basis for predicting the proper depths to which to send nets on
reguleor surveys, the regressions of egg and lirvac concentrations on tem-
perature indicate that houls should be made decp enough to go below temper-—
atures of 10.5° C. for cggs and 12.0° for larvac. Distribution of the large
lorvae during the daytime shows the need for fishing to a depth greater
than 73 meters between sunrise and sunsct,

AVPIPPESNSDOTE XA
TASLES OF OETAILED TCWING DATa

Explanation of tables: The hauls at ecach station and the observations
during each haul arc arranged chronologically and numb.rud consecutively,
beginning with onc. Timc is ship's time, with hours numbered from 1 for
li:a.m, -to 24 for midnight. Meters of wire out (m. out) refers to the length
of towing wire from the surfuecc of the sea to the point of attachment of
the net., The stray angle (°/) is thc departure of th: towing wire from
the vertical; expressed in degrees. A dash (-) represents 2 missing ob-
servation.

O



Pable 1.--Towing data for Station ¥F84, Anril 19, 1939. : (See nage 6 for explanation.)
Observation : Haul number
number : 1 : 2 : 3 : L : 5 : 6 : 7
b ST ON: tm. Ji, & ima im. m. itk i 2

tTime:out: L ‘Time: out L Time:iont: -L :Time:out: -L :Time:out: j— :Pime:out: -L :Time :out: -[- i

1 :3:05: 3 i- :4:15:10 i~ :4:L46:20 :- :5:1B:30 :- :5:51:H0 : -:6:30:60 :- :7:16:90 :- :
2 :3:41: 3 - :4216:10° 47 :4:47:20 :35:5:15:30 :80:5:52:40 ho 6:32:60 :40:7:17:90 :hs:
3 : s = :4:20:10 :35:4:50:20 :70:5:17:30 :35:5:57:40 :42:6:39:60 :42:7:21:90 :60:
L : 1 4325110 :52:4:56:20 :55:5:22:30 :55:6:01:40 :32:6:42:60 :43:7:27:90 3h48:
5 : : 3 i4:29:10 :50:5:01:20 :~- :5:29:30 :- :6:08: uo 3= 6 U5:60 3~ :7:32:90 :- :
6 RS < SR I+3010.-: SHE: B 5 H OB 3 478 H SO
Tgble 2. ——TGW1Qg:data for Sﬁation FgB, April 19, 1939. (See page 6 for explanation.)
) : gaul number
Observation : 1 R 2 : 3 : 4 5 b
> s E H «sm, 20 3 Sy oY m. 3 im. =0 M. 0 3
number ‘Time; ut L'”im«.. ut: L:Time:out: -L,Juna: out: /_ :Timesout: [- :Time:out: L:
1 TISIET 2 - 00 132:0h:10: 00 1300640 70 = Lz 16:100:- d8:55:200:- ¢
2 15:33: 2 - 15:52:20 :40:6:20:40 HU6M5:70 U1 47:18:100:44:18:56:200:31
3 Pt 11559:20 :- 46328:40 - :16:50:70 :34:i17:23:100:47:39:00:200:2k:
4 : S I g A ¢ P 1 7:02:70 - A7:32:100:- :19:05:200:35:
5 s '3 ST F B : N SIS - s s : 2%12:200:- ¢
Table 3.-~Towing deata for Station FOA, anril 20, 1939. (See page 6 for exnlanation.)
i Haul numbcr
Observatinn ¢ 1 : 2 - 3 : TI’ 3 5 3 b 2

number : 2 m.:n thiiks 1) 0,8 ik H itk ) A
sTimesout: L Tim ‘-Jut L :Pime:outs _L :Time nut ~/- :Time:outs L :Fime souts -L
FREDD ] .g 5Li20 s- :H:03:40 :~ :U:RH3:70 :- :5:37:100:- :7:28:200:~ :
12:37: 5 i- 12153120 i45:4:05:40 h5h567f‘- 365‘4010056 7:31:200:57:
: SRRl 0 200 {00 R: B3I Y3 B BOR 3T KO8 70 50 5:49:100:54:7: 50 200. -
- 3 B 30920- heluo‘-: : 552100—: :

=i o=



Table Y. -mfowing datz for Stztion F9B, April 20, 1939.

(See nage 6 for exvlenation.)

Haul number

Obszervation : il 2 3 4
numb ¢ 3 e nHmER B . B B w Hige #5H il Haj. o
yTime - ionk! L:Time iout: L;Time sout: L:Time :nut::L
il 1Be86-:2 .i- 19213 :2Q :- 110:52:100:-::12.45:200:~
2 18:57-:2 +--:9:;17 :20 :48:10:53:100:19:12:46:200:51
3 v 10039128 120 = :11:02:100i55:12:571200: %2 -
y 3 Pter o1 ;o3 :11:09:100:- :13:02: 200 —
Table 5. -~Tow1ng data for Station 1832 april 10, 1941. (Se; page b for explanation. )
- Haul number : ;
Obscrvetion : 1 2 3 2 y 5 6
number Btk s H ~ Hin il His m. im. 30 Qithy 5}
:Time-soutb: J{--Tima soub: L :Time faqut: L :Time - jout: L :Time: ok, l tTime, igut: L
1 :11:09:15 :30:12:38:30 :43113:13:45 :36:13:49:60 :23:14:26:75 128:14:59:100:36
2 :11311:14 :Ug:12:40:29 :27:13:15:bl :28:13:51:59 :31:14:28:74 :34:15:01: 98:38
3 111:13:12 :40:12:42:28 :27:13:17:H3 :3U:13:53:58 :30:1U:30:73 137:15:03: 97:32
L 111:15:10. :27+12:44:27 :51:13:19:42 :26:13:55:57 ::31:14:32:72 :33:15:05: 96:30
5 3113172 9::47:12:46:26 :30:13:21:41 :36:13:57:56- :27:14:34:71 :32:15:07: -9k4:40
6 :11:19¢ 8 :26:12:U48:25 :39:13:23:40 :29:13:59:55 :35:14:36:70 :37:15:09: 92:28
7 111:21: € :32:12:50:24 :18:13:25:39 :25:1L4:01:54 -:33:18:38:69 :34:15:11: 91:30
8 :11:23: b :30:12:52:23 :42:13:27:38 :3L:14:03:53 :36:14:H40:68 :31:15:13: 90:28
9 :11:25: 3 :33:12:54:22 :33:13:29:37 :39:14:05:52 :30:14:42:67 :31:15:15: 8B:38
10 $11:27: 2.:28:12:556:21 :34:13:31:36 :27:14:07:51 :35:14:43:66 :~ ;15:17: 86:32
11 111:29: 0.:—.:12:58:20 3:31:13:33:35 :37:14:09:50 3u 14:46:65 :36:15:19: 85:34
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Table 6. ——.L..win? data for Statisn 2046, anril 30, 1941 .

(Sae

page 6 for oxplanation. )}
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Pable 7.——Towing deta for Steticn 2043, May 2, 194,

(See page 6 fror explanation.

Obscrva-: Haul number
ti~n 1 2 3 n : 5 6 1 - 8
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fable §.—Towing date for Station U520, June 17-18, 1941. (Se: page 6 for explanation.)
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for explanation.)

Table 9.—TPowing date for Station 2452D, June 18, 1941. (See pagec 6
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Table 10.—Thwing data for Stztion 2USLUN, June 18-19, 19h1.

(Scc page 6 for explanation.)

Obser—: Haul numboer

vation: aly = 8 2 3 i 3 5 : 6 5 T 2] : 9
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Table 11.—Towing data for Station 2US4D, June 19, 1941. (See pege 6 for explanation.)
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number: iy i 5 ik ] im.:0 im,:0 s, :a im, 0 n. 0
:Time souts L.Tmemt L :Time:out: T ime wouts: L :Pime .aui; L :Time :uat: l— :Time .ont LTime tout: LTime iout: L
1  :8:26:0 :30:8:50:15:20:9:16:30:32:9:43:40:25:10:10:60:40:10:37:85:40:11:09:110:48:11:44:160:41:12:25:210:19
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APPENDI %5 H

LISTS SHOZING TIIE AND- LOGATIOI‘ OF HAULS, DEPTHS FISHED,
. AND NUMBERS OF EQGS AND TARVAE “PAKEN :

h Datz are given in the following order: Station number; date; time
interval; latitude; longitudes type of nct; depth interval for cach haulj
numbers of eggs; length and number of larvae for larvae of cach 5 mm.
interval of length. Time of day is given to the nearest hour with the

"hours numbered consecutively from 1 for 1 a.m. to 24 for midnight. Depths
are in meturs and lengths of larvaes in millimcters.

Example: (Station) 1832 (Month) h/ (Day) 10/ (Yoar) Ll; (Start)
11h- (End) 15h: (North latitude) 33:13; (Wost longituds) 118:26; (Type
of net) B; (Upper limit of stratum fished, depth) O= (Lower limit of
stratum fished, depth) 13: (Number of eggs taken) E 181; (Larvae) Ls
(Length) 2.5, (Numbur) 3; (Length) 3.0, (Humb:r) 35; (length) 3.5, .(Wum-
ber) L3 {Limits) 17-26: .(Number of uggs) ¥ 1033 (Larvae) L; (Length)
2,5, (Number) 22; (Length) 3.0, (Number) 366 stc.

Net types arc as follows: Type A is a closing net of one meter di-
ameter mouth; made of No. 2hXXX grit gauze, with the last half meter of
No. S6XXX grit gauze; and with a detachable "cod' end" of No. SOXAX grit
gauze. Type B is a closing net bf onc-half meter diumeter mouth; made
of No., LOXXX grit gouze, with the last 65cm. of No, 56XXX grit gauze.
Type C is a closing net of one meter diameter of mouth; made of cotton
scrim with openings approximately 1 mm. square, with the last half meter
of No. 56XX{ grit gauze; and swith detachable "cod ‘end" of Ho. .56XXX grit
gauze, Approximate sizos of openings of XXX grit ghuzes are: No. 2k,
1.10 mm.; No. LO, .65 mm.; No. 56, .47 mnm.

FB8A; L/19/39; 3h~9h; 32:48, 117:L42; a; 0-3: & 168775 L: 4.0, 15 L.5,1;
5.0,h3 5.5,2; 7.0 2; B8.0,1; 9.5,1; 6-8: B 2879; L: L4.0,1; L.5,3; 5.0,7;
5. 05158655, 2507015875115 8 U, 2 9.0,2;5110.0,1;810.5,15 7-16: £:3878;
L:535052:03" s, 3 1.0,35 1.5,83.5.0,9; 5.5,2; 6.0,2; 17;25: E 12653
L:85.0,1506, O,l, o-3u E 56, L: O0; bLh-h6: I 53 L3 O; 1,5-60: E O3

L: 4.5,2; 108-115: £ 63 L: O :

F8B; L/19/39; 15n-1%h; 32: ua 117:Lh; A5 0-2: E 2892; L: 5.5,1; 6. 5 1;
fitelaly JEsEskon 5 alElie Jiy sk S Ll e 5,1 29-35: It 88; L: O; 53-58: ¥ B
L3 0; 68-72: E O; L: O3 1BL-183: & L Ls O.

Fo4; L4/20/39; 2h-8h; 32230, 117,32; A3 0-5: = 523 L: 3.5,6; L.0,1; h.§,2;
5.0,h3 5.5,63 6.0,1; 6.5,3; 7.0,2; 12-1h: E 194; L: 6.0,1; 28-32: B Sl;
L: O; U5-57: & 1; L: 6.0,1; 56-59: & 1; L: O; 109—%2 & 7; L: O

F9B; L/20/39; 9h-13h; 32429, 117:39; A; 0-2: E 9L0: L: 5.5,25 6.0,bL; .
S 055 5 070, 7 B, 0,3 80E 1Rg (D M1 ERTE 10 sl 08 0 1SR 0 180T | =it 5l ] 37
Ls 3.5,1; 4.0,6; 5.0,13 6.0,1; 57-66: E 6; L: 03 126-149: B L5 L2 0.

s#0nly ene stray angle reading.
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1832; L4/10/41; 11h-15h; 33:13, 118:26; B; 0-13: E 181; L: 2.5,3; 3.0,35;
3.5,l; 17-26: E 103; Lt 2.5,22; 3.0, 3665 3. S LB RN 072 I 556585571,
28-39: E 195 8T s 255 158310, h?, 3555 31 4.0,2; 4.5,6; 5.0,2; 1-55: E O;
L: 03 53-663: E 0; I 3.0,2; 35,24 69-83: B 03 'Ls 2.5,1; 3.5,1; 5.0,1,
20463 L/30/41; 17h-21h; 32:29, 119:26; B; 0-3: E 0; L: 3.0, 3; 3.5,3;
4.0,1; L4.5,2; 5.0,33; 5.5,36; 6.0,9; A 5,1; 7.0,1; 9.5,1; 6-12: & 0; L:
3.5,2; 4.0,25 4.5,2;°5.0 31, NGy 21; 6.0 ,55; 6.5,20; 7.0,3; 7.5,4; 8.0,2;
8.5,2; 9.0,1; 9.5,1, 10. 0,2 1l. 0 1; 15-25: 1 08y 1) ehal) SRepty S
h.O,l; b';,BJ 5!0 271 9 5337: 6 O TLI-J .2 ,231 7'039; 7'535; 800,55 8- ,2;
9.0,2; 9.5,2; 10.5,1; 1h4-29: E 0; L: 3.0,2; 3.5,11; L.0,11; L.5,12; 5,0,38;
5.5,293 6.0,15; 6.5,3; 28-43; & 03 L: 2.5,3; 3.0,193 3.5,30; L.0,16;
e 0 GHE 2y sl (ke (o J,3: 7.5,13 LL-62: B 3; L; 2.5,1; 3.0,13;
3.5,11; L.0,L; L.5,1; 5.0, 1 65-92: E 18; L: 6.0,1.
2043; 5/2/L1; 20n-2Lh; 32:50, 118:18; C; O-h: E 90; L: 3.0,1; 5.0,20;
5.5,30; 6.0,32; 6.5,20; 7.0,38; 7.5,43; 8.0,53; 8.5,L8; 9. 0 ,33; 9. 5,17,
-10.0,19; 10.5,6; 11.0, 1h 11.5 ,13; 12.0 ik 12, 5,43 13.0,5;3°13.5,3; 14.0,1;
1, 5 1 15.0,2; 7-13: E 16 L: 4.0,1; I¥ oelicRot o 21535010 861 0 ,12;
6.5,6; 7.0,10; 7.5,9; B.0 1h, 8.5, 15, 9. 0 23; 9. 5 13; 10.0,26; 10. 5,12;
1 0

b

33
1.0 7, 11, 5,11; 12,0 15, 12,5,9; 13.0,7; 13.5,6; 14.0,3; h % 33 1).0 1;
16.0,1; 17-26: E 1; L: 4.5,1; 5.0,2; o 5,1; 6. SRl Tl Gty ahk b 1,
12,5,13 13.5,13 25-332 & ke Ay The 5 ko 6L 5 1; 12.0,1; 14.0,2; 1 h 5,13
L505%]s 30—53. E 0; L: 11.5,1; 52273: B 03 o 0; 88-98: E 0; L: O;
97-142: E O3 L: O.

ve

2l52N; 6/17-18/k13 22h-3h; 32:23, 117:52; C; 0-3; E 1; L: 11,0,1; 12.0,5;
12,5,4; 13.0,33 13.5,33 1L.0,2; 1L.5,1; 15.5,1; 18.5,1; 7-12: E O; L:
8250113055 b 05158152 s REL 081092052 39115 052 s B1105 1 81250513
12.5,2; 13.0,1; 13.5,1; 15.0,2; 22-35: E 0; L: 13.0,1; 3A-52: 1 O; L:
10.5,1; 11.5,1; 1Lh.5,1; LB-BL4: § O3 L: O; 57-101: £ O; L: 0; 90-1L6:

E 0; L: O.

2452D; 6/18/l1; 9h-1hh; 32317, 117:52; C; 0-3: £ O3 L: 03 6-12: E 0
L: O; 1h-21: E O; Lz O; 25-36: E 0; L: 11.5,1; 38-43: E 0; L: 11.5,1;
12,.5,1; 52-67: E 0; Ls 17.5,1; 18.0,1; 68-81: % 0; L: 18.0,1;. 96- 1%2:
E 0; L: 0; 125-156: E 03 L: O. i

O-4: E 8; L: 4.5,1; 5.0,2;

2u5hN; 6/18-19/h1; 21h-2h; 32:12, 118:38; C;

6.0,1; 6.5,2; 7.0,1; 9.0,1; 9.5,1; 10.0,1; 10.5,3; 12.5,1; 7-13: E 15;

1zl 5 B5 052 8610106052 B8 5 900 24810 551 MK 0 18127031

12.5,1; 18-25: E 1; L: 5.0,1; 7.5,1; 8.0,1; 9,0,3; 9.5,h; 10.0,1; 11.0,2;

12.0,2; 12.5,1; 23.0,1; 13.5,1; 14.0,2; 14.5,2; 15.0,1; 24-32: E O3 L:

Tl S Sy 2 SeAl) TR GEERLh BeY e L s bl 0 5, 19531 230933

12. 5 33 13 0,k 17.5 1; 38-52: E 0; L: 10.0,1; 11.0,2; 12.5,1; 52-69:
149: E 0; L: 0; 122-208: E 03 L: O.

E 0; L: 0; 66-108: T 0; L: 0; 90-1L

2h45hD; 6/19/L1; 8h-13h; 32:10, 118:39; C; 0-3: E 3; Lt 6.0,1; 10.0,2;
1250,L:0 12,5150 7-1l: "Bl 1 L 0;00 L7=253 0 EF0; 0L e e 5,506, 0 3, i 5 L]
10.0,1; 23-36: 'E 0; L: 4.0 2; L.5,h; 5. 5 2; 13.0,1; 36174 B 0 L:
5.0,1; 12.0,1; 52-69: E 0; L: 21.0,1; 26.0, 1 70-85: E 0; Ls Os 99-121:
E Q0; L: O3 120-198: E 03 L: O.
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