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The Southwest Fisheries Center (SWFC), National Marine Fisheries Service, 
has been investigating biological properties of the eastern tropical Pacific 
for many years. These studies have been primarily related to the 
distribution, abundance and other ecological aspects of commercialy-caught 
tunas, and dolphins captured incidentally during tuna fishing operations. To 
gain a better understanding of factors affecting population processes for 
tunas and dolphins, a small scale research effort was begun, that focused on 
related but non-target species. Examples of such related species are squids, 
which tunas and dolphins both consume, and sea birds, which accompany co­
schooled tunas and dolphins. Both squids and seabirds also consume epipelagic 
prey, as do tunas and dolphins.

Existing field research programs within the National Oceanographic and 
Atmospheric Association (NOAA), afford the opportunity for SWFC biologists to 
collect data and specimens related to the studies outlined above. Especially 
important in this regard is the Eastern Pacific Ocean Climate Studies (EPOCS) 
program which has a long term commitment to making regular research cruises in 
the eastern and central tropical Pacific.

OBJECTIVES

The primary objective of NOAA ship Piscoverer Cruise No. RP-9-DI-84 was 
to continue on-going studies of equatorial ocean currents in the eastern
tropical Pacific under the auspices of Pacific Marine Environmental Laboratory 
(PMEL). A complete list of cruise objectives is given in Cruise Project
Instructions, (Appendix B). I was permitted to join the cruise on the
condition that my studies did not interfere with the objectives of the
cruise. The objectives of my study included:

1. Testing logistics of collecting specimens of cephalopods with an 
automatic jigging machine aboard a NOAA ship.

2. Collecting visual sightings data on marine birds and mammals using 25 
power binoculars, along with pertinent oceanographic data,
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3. Obtaining information for comparing two different seabird census 
methodologies, and

4. Collecting seabirds for gut content analyses.

SCIENTIFIC PERSONNEL

Scientific personnel onboard for accomplishing the objectives outlined 
above consisted of Robert L. Pitman (biological technician, Southwest 
Fisheries Center, La Jolla, California) and Larry Spear from Point Reyes Bird 
Observatory (PRBO). The remainder of the scientific personnel are listed in 
the Cruise Project Instructions (Appendix B).

MATERIALS AND METHODS 

Itinerary

The NOAA Ship Piscoverer traversed a predetermined trackline in the 
eastern and central tropical Pacific from October 6 to December 6 with one 
port call in Manzanillo, Mexico (see Figure 1).

The cruise comprised two legs:

Leg 83-1 The ship departed from Seattle, Washington,
(33 days) on October 6, 1983, and arrived in Manzanillo,

Mexico, on November 7, 1983.

Leg 83-11 The ship left Manzanillo, Mexico on November 
(27 days) 10, 1983 and, arrived in Seattle, Washington, 

on December 6, 1983.

Cephalopod Sampling

A Hamade* electric powered squid-jigging machine was installed aft on the 
starboard rail 6m above the water. Lighting for attracting squid at night was 
mounted above the machine and consisted of six, 100-watt mercury vapor lamps 
mounted on a frame. Lights were focused on the sea surface near the point 
where the jigging lines entered the water.

The machine controlled two eccentric drums from which jig lines were let 
down. Each line consisted of a 100 m, 150 lb test nylon monofilament leader, 
a swivel, 30 squid jigs (tied 1 m apart). Each line was weighted with a 0.9 
kg lead weight on a swivel. The machine was operated by dialing a depth 
between 0 and 150 m; lines were released to the dialed depth and retrieved 
automatically and continuously once the machine was turned on.

* Reference to trade names does not imply endorsement by National Marine 
Fisheries Service, NOAA



The machine was used whenever the ship stopped at night, as long as it 
did not interfere with the main scientific objectives of the cruise. Standard 
data forms were provided for recording sampling effort and results (Figures 2a 
and b).

Bird and Mammal Survey

Two pairs of pedestal-mounted 25 power Fuji binoculars were installed 
port and starboard on the flying bridge of the R/V Discoverer (height from sea 
surface to eye level: 14.1 m). Near continuous observations were maintained 
during most daylight hours while the ship was underway. The side of the ship 
that afforded the best sighting conditions determined which pair of binoculars 
was used.

All birds sighted were recorded during half-hour intervals on standard 
field data forms (Figure 3). Additional notes (e.g. plumage descriptions, 
behaviors, etc.) were kept on separate blank sheets. At the end of each day, 
field sighting data were transcribed onto hourly summary forms (Figure 4), 
along with a variety of oceanographic information collected by the ship's 
Survey Department. (These data included hourly positions, vessel speed and 
direction, sea surface temperature and salinity, weather conditions, etc.)

Marine mammal sightings were recorded incidentally and reported on 
standard sighting forms during half-hour intervals (Figure 5). Since I was 
the only trained observer for marine mammals aboard, the emphasis of the 
sightings was seabird census, rather than for marine mammals. The marine 
mammal effort log, which is usually completed on regular NMFS/SWFC porpoise 
surveys was therefore not used. All remaining standard sighting data for 
mammals were collected however.

Methodology Comparison

Two seabird survey techniques were used during the course of the cruise. 
Larry Spear (PRBO) used hand-held binoculars and censused only birds that 
occurred within a 300 m wide band on one side of the bow, while I conducted 
surveys using mounted 25 power binoculars and recorded all birds seen.

Comparative censuses were run with both of us present, standing nearly 
side-by-side, and on the same side of the ship for 1/2 hour periods. Each 
person maintained separate notes and did not discuss their sightings in order 
to keep observations independent. These data were entered separately on 
hourly summary forms (Figure 4) to facilitate later analyses.

Seabird Feeding Study

During daylight hours when the ship was stopped for more than one hour at 
a time, both observers were usually allowed to go over the side in a launch to 
collect seabirds and make additional observations. Collected birds were 
injected with alcohol and put into an ice chest. Aboard the ship, the birds 
were frozen (or skinned) after their stomachs had been removed and preserved 
in alcohol and frozen.
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RESULTS

During the cruise no data on cephalopod distribution and abundance were 
collected because of equipment/logistic problems associated with using the 
squid jigging machines. Our efforts in obtaining information for seabird 
census methodology comparisons and in collecting seabirds for at-sea food 
habit studies were quite successful.

Squid Sampling

Attempts to sample squid using the automatic jigging machine were 
unproductive during this cruise. Following recommendations by ship's 
personnel, the squid jigging machine was mounted on the side of the vessel 
where we had hoped to run it primarily during Conductivity-Temperature-Depth 
(CTD) operations at night. An unexpectedly brisk current encountered on the 
equator meant the ship had to be underway during CTD drops in order to 
maintain a constant position over the bottom. As a result, jig lines ran out 
aft of the ship into the ship's propellers and CTD wire and were stripped from 
the machine. Permission was obtained to move the jigging machine to the 
fantail, but it was decided that this would interfere with mooring 
deployments. The apparatus was not moved and was largely unused throughout 
most of the cruise.

Bird and Mammal Survey

Over 9700 individual seabirds were sighted on this cruise, representing a 
minimum of 63 species, and 224 observation hours were logged. Daily summaries 
of survey effort and results are given in Table 1. In addition, a further 
breakdown of observations by 1/2 hour interval has been coded and edited and 
awaits further analyses.

A total of 134 cetacean sightings was recorded that included at least 21 
species of whales and porpoise (see Tables 2 and 3).

Methodology Comparison

During the cruise, 352 simultaneous half-hour seabird censuses were 
conducted by the PRBO/SWFC observers. These data have been transcribed onto 
code forms and are awaiting analysis.

Seabird Feeding

A total of 118 birds were collected for gut content analysis (see 
Table 4). The preserved stomachs are at Los Angeles County Museum of Natural 
History (LACM) to be analyzed at a later date; specimen skins and skeletons 
will eventually be permanently housed at LACM or University of California, 
Davis. Judging from cursory examination of the stomach contents, it appears 
that the seabirds are a source for samples of squids.



DISCUSSION

Should the squid jigging machine be used in the future, consideration 
will need to be given to planned ships operations before determining where it 
is to be mounted on the vessel. If the ship is going to be drifting at night, 
a side mount would be preferable. If the vessel is going to be making 
headway, even as little as 1-2 knots, it is essential that the machine be 
installed aft so lines can pay out behind the ship's propellers.

Analyses in progress comparing seabird census methods should provide 
important information on ways of utilizing existing, large data sets on bird 
sightings for quantitative analyses. This study should also indicate a 
preferred censusing methodology for future investigations of pelagic tropical 
seabird abundance and distribution. Bird and mammal sighting localities are 
being added to existing data bases to expand our knowledge of their pelagic 
distributions. Stomach contents collected will be compared with better known 
food habits of island-based breeding birds to fill important gaps in our 
knowledge of prey consumed by pelagic seabirds.
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Figure 1. Nominal cruise track of the R/V Discoverer, during EPOCS legs 83-1 and 83-11, 
October 6, 1 983 to December 6, 1 983.
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SQUID DATA (GENERAL)

Samp1e Number izti.ro Operator m Vessel m

Date Cl] Cl] Cl] Location | 1 1 [ J Lll C] l.i I i I i !! I □
(Mo) (Day) (Yr) (Latitude) (N/S) (Longitude) (E/U!)

Time Zone a m Sunset CTTT] Sunrise fTTTl Vessel f I ( | 
(+/-) (LMT) (LMT) Heading

SS Temp min SS Sal 03 cx] MLD CIT] Therm Slope n.m 
(degrees C) (ppt) (in) (degrees/m)

Chlorophyll a mil] E-feaufort Force |__j Swell Height [Z-L]

(ug/1) (m)
_   o

Wind Speed Cl] Wind Direction j T 1 1

(Knots)
Light Conditions

Cover □ Moon n
(Overcast=l, Parti al Cl ouds=2, Cl ear=3) (Ful 1 = 1, Hal f =2, Quar=3, No=4)

Time Lights On 0311 Light Meter | t 1 11 Meter CXH-CU
(LMT) (footcan) Height (m)

Height of Lights Above Sea (__IJ.IJ (m)

J i g g i n g

Jigs/Line til_J tH-11 Squid Aggregations? tU
(Port)(Strbd) (Yes=l ,No=0)

Jigging Begins |_HtT] Jigging Ends f 1 ~l t~f Results? t]
(LMT) (LMT) (Yes=1,No=0)

Comments (Jig Types, Associated Species, etc.):

Figure 2a. Data forms for recording information on squids collected by automatic 
jigging machines.
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SQUID DATA (RESULTS)
page [_[_] op LEI

Sample Number cm]

Type [_[] Quantity
Caught mill 

Dorsal Mantle Quantity 
Length (cm) Preserved nil

1 rrn.n photo, n
______ _ (Yes=l,No=0)

2 1_1__|__].[] Comments
_ _ _ (Col oration,etc . ) :3 mu-n

4 m].n5 [inn ^ [inn
7 [IIJI]s [inn
9 [inn

Type [][] Quantity
Caught Eli XI

Dorsal Mantle Quantity 
Length (cm) Preserved [I]

1 [inn

2 [II] I]
3 [II] I]
4 [II] I]
5 [II] I] 
3 [II].[] 
7 [II].[] 
3 [II] I']
9 [II]. []

10 [II] I]

F'hotOS n
(Yes-1,No=0) 

Comments
(Coloration,etc.):

Type [_[] Quantity ___
Caught mil]

Dorsal Mantle QuantityLength (cm) Preserved ci:

Type [I] Quantity
Caught [J__[_[]

Dorsal Mantle Quantity _
Length (cm) Preserved It]1 mini]

2 [II]. n
3 [II]. n
4 [ii]. n

5 [inn
6 [i:n. p

7 mi].n
3 [i:n. □

9 min.n10 [inn

Photos |_]
(Yes=l,No=0) 

Comments
(Col oration,etc.) :

> mm
2 EEDT3
3

p i.; i i n 
3 EEDT]
* czm.n
p a 

a EECIT]
9 EEC].El

10 EEC]. El

Photos [_[
(Yes=l,No-0) 

Comments
(Coloration,etc.):

Figure 2b. Data forms for recording information on squids collected by automatic 
jigging machines.
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MARINE BIRD SIGHTING LOG

Ship ____

Time off 

Species

Date ___________________

Total Obs. Time _____

Total

Cruise Daf Noon PoiiTlgn _j SK. p Um*n
^ Spec <A Temp

Figure 3. Data form for recording sea bird census information.

Ob S. 
T‘*a> c



Cruise

Cruise

m m y y

Date Time
Elapsed

Time Mid- Latitude Mid--Longitude
Vessel
Speed

y y m m d d h h m m whole
minutes

d d m m N/S d d d m m E/W Kts.t

Obs.
Cond. Beau S.S. Temp. S.S. Sal.

Wind Wind 
Air Temp Direction Speed

Swell
Height

Bottom Thermocline
Depth Depth

□ □ cm mu m
°C.t ppt.h °C.t m.t Whole m Whole m

Thermocline
Slope

°/m.t

Distance to Ht. of 
Nearest Land Obs.

whole km whole m

Comments

Figure 4. Hourly sighting summary form for marine birds and mammals, and oceanographic data



CRUISE
YEAR

DATE

MONTH DAY
SIGHT SERIES LEG OBS.

CODE

i i i ! i i l. ] i
4 G 8 toSCHOOL SIZE 
BEST HIGH. LOW.

'2 14

LIST ALL DIAGNOSTIC FEATURES OBSERVED 
(INCLUDING ESTIMATED BODY LENGTH)

SPP. & STOCK COMP. NAME *

SKETCH FEATURES OF ANIMALS SIGHTED

BEHAVIOR - (DESCRIBE AGGREGATION, MOVEMENT, BOW AND STERN RIDING. BLOWS, ETC.) SCHOOL MOVEMENT 
SPEED DIRECTION

ASSOCIATED ANIMALS - (INCLUDE NUMBER AND SPECIES OF BIRDS)

PHOTOS: ROLL -

FRAMFIS1 =

TOTAL 
TIME OF 
OBSERVATION

ENVIR. COND. 
(RAIN, OVERCAST, 
FOG, CHOPPY)

CLOSEST 
DISTANCE OF 
OBSERVATION

AMT. OF TIME 
AT CLOSEST 
DISTANCE

TAGS
ASSOCIATED 
WITH SIGHTING

METHOD OF 
OBSERVATION 
(EYE. 7x, lOx, 25x1

Figure 5. Data form for recording marine mammal sightings



12

CD

J2>

4

“

“
*•

“

03

s-
X3

i

“

03
-O

COCD

to
13

>
CD
>>

S_
CD
to
3
—
+->
tO
• 

03

tO
13
E
E
03
S-
>>

o
P
w
3
>
CD

-o
>>

03
-M
03

^
•r-
+j
JZ

to
CL
CD
o

'T-
<D
to

03
c
O

C
13
E

JO
CD

to

o
—

_Q
•r-
s*.
O
CO
<D
d
<_>
O
=3
d

4->
CD
S-
CD
O
“
d

+J
Jd
CD

LU
05
to

+■>
CD

d

03
cz
O

•

 

 

 
 

 

  

 
 
 
 
 
 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

 
 
 

 
 
 

 
 

 
 

r

h

r

 

•*-

 

 

 

•i—

4-

OCD
d

4->
S-
03
—

—S-
O

■r-
<J
03
—

Q_
03
CJ 

4-

m

*r

r

CJ

13
 

“

*r—

"O

—
C

O

CD

O
4->
o

J3CD
C
 

—
 
-P
-d
S*-O
13

_£Z

Q

CD

CD
o
CD
E
jo
CD

f-H
CD
CO
CO

•

Q
03

+->
CD

03
d

"O

d
O
o
d
 

CD
*r-

Q-
 
 

4->
-

CD

 

 O

o
d

03
S-

JC

CD

>
CD
d

o
C

CD
03
o

O
03

 
 
 
 

 CL 

 
 

 

 

 
 

  
 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

  
 

 

 
  

i

“

O
-O 

 

>
-M

•r

'r

“
•»

•r

•

_

•»

•

tO 
CD
S-

03 

d
•

_

 

—
O

 

 

4->

O
d

UO
O
—

-M
-n
o
dto
o
o
-c
CD

—
CO

—
>
CD
CZ

JD
CD
—
O

>
CD
to
00
CD

go
_

CD
CD
C

-
to

d

d

03

 
o
P
IS)

05
d

T3

-P
CD

£_

■»-

d
+->
-d
to

#\

r\

^
03

4->
CD
i-

 

 
 

 

 

 
 

 
_X

S-

**

CD

4-
O

 
O
_Q
CO
CD

-r-

>,

>

CL

 

 

 

 

 
 

 

 

 
 
 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 
 

 

 
 

  

_

“

1

_

 

 

 

•r

£i

4

CO

CLO

»r

-r

O

4->

SZ
CD

-X
CD

4->
o

o
<

to

>
CD
C

d

4->
_d

“

■r-

CD

•a:

•f

4->

CD
d
O

X
•

CD
E
CL
CD

3
i-
CD

CO

—
C-
O
E

d
O
O

O

 

 
 

 
 
 

 
tO 
—

4->
-

O
d

03
cz

*0
C'r

to
«r-
C

o
05
c
O

CD
c=

-u>
cno

to

—

4->
SZ
CD

co

-O
d

—

*r-

—

 

•

•!-

*N

 

 

 

 

 
 
 
 

 

 

 

 

 

>>

CD

Q.
CL

 
 

Q_

 

 
 

 

=

 

 
 
 

 
 

 
 

 
 

 

Z

JD
C-

4-

CD
«|

O
S-

CD

o

—
t-

T3
to

 

I

O

= 

I

O

II

 

 

to

CD
o
CD
to
CL

CD
to
CD
d

+->

=

JC

=

•r

03
CZ

II

to

CD
O
—

CD
to

O
to
to

•«-
j

 

 
 

 
 
 

O-

O

CL

+->

 
 

 

 

CL

CL

CD
to
CD
d

o
-O
to

o
“
o
d
O
+->

■>

^

o
c

—
O
JO

•r

•r

to
CD

>
05

4->
—
o
CZ

CJ>
o
c

■D

o

to
-

—
4->
•r-

C

- s

 

»-HCv
II

CC
03

-O

II

CL
o
o
S-

U-

•r

jco^
II

03
—

S-

II

CD
o
o

■©

3-L

>

CD

“

II

CD

>,

o
o
O

otD

LU

 

X

0)
—r

II

—i
CD
C

4->

r^cx)
II

d

d
o
3:
d

o

O
4->
JZ
CD
s-

CVJ
\
OO

--

4-

-

•r

•»

II

—
—
•

•

CD
•

03
—
s-

CL
o
o
s-

■—

Q to
CD OJ 12

8 

O OO

CO

O to CVJ
I— *3"
c

co
c o o
Q

h-
z
o

a:
< co co
LU co CO
>-

CD
-z.
o
_J

49
 

Cd
LU O 2 

zz
o
1—1

CO y—
CQ
o Q

O
o

5 

UJ O co
00 LU *3-
OO LU 
UJ Q- 
>■ OO

15
0 

C£
LU CL CD
1— LT)
<c UJ r—)

h-

16
5 

OO
LJ CD o LT) CO o i—H CVJ o
i—i UJ CO o o CD CVJ co to r-H o
o CD cvj cvj CO CO LO CSJ CVJ r—1 co LO
UJ O <3- r'- r- «df* «vt" CD
CL O
00

41
11

 

00 1—< t—1 CO CVJ r—1 i
o o o o o o o o o
CXL o o o o o o o o

ZD •—i o o o o o o o o
Z CD

00
07

43
00

 
03

96
42

39
 

00
15



13

t  
Y

EA
R

OO
CO

M
O

 
N
TH

 
D
A
Y or

O

 
LA

TD

in
oo

 
LA

TM

00

O
 

R S LONGD C\J
ro

LO
N
G

M
 

C\J

O
 

R
W
 

Od

O
B

 S
C

O
N

D
IT

IO
N

 
Od

V
ES

SE
L 

SP
EE

D
 

LD
CO

W
A
TE

R
 

TE
M

 P LO
00

o LO r-H o O Od r—H r—H o Od O LO *3- O r—H o O o OO o Od r—H o Od Od
r-H o o CO o r- CT) r—H o o r-H LO Od r—H o r-H o LO ro o CT> o- o 0*1 o r—H oOd oo r-H LO ro Od oo OO Od rH Od Od ro LO Od o r—H ro OO Cd r—H Od Od Od oo oo r-H Od r-H
O'- o- *3- o- o- LO LO *3- o- LO

SP
EC

IE
S 

C
O

D
 E

C\J ro LO 00 r-H rH Od C\J LO r-H r-H f=d" r—H LO o *3- o ro Od r-H o o r-H r-1-
OJ o o o o oo OO o r-H O o o o o r-^ o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o

N
U
M

BI
R

D
S



14

t

Y
EA

R
 

CO
00

M
O

N
TH

 DAY LAT
D

 

CM 
CO 

LA
TM

 

LO

O
R

 
S LONGD 

LO
N
G

M
 

O
CO

O
R

 
W
 

CM

O
BS

 
C

O
N

D
IT

IO
N

 V
ES

SE
L 

SP
EE

D
 

CO

W
A
TE

R
 

TE
M

P CD
CD
CM

*—1 CD CM rH CM CO CD o CO
»—H CD 1— OO r 1 CO CD CO CT)
rH CO CO CO CM CM r-H CM CM CM

SP
EC

IE
S

1— LO *vt-
 

C
O

D
E 

co *3- co co H H CO CO '—I
HLOOO O O O t—I o o
o o o o o o o o o o
cd o cd cd o o o o o o

N
U
M

BI
R

D
S

co
CO

CO
CM

CD
CM

CM

CM

CM
CM

r-H CM o r-H CM Or CM r—H CM CO CO CD o
r—H CD r—H r-H CD CO CT> r-H o CO r^. o
CM r-H CM r—H r—H CM CO CO CM T—H CM CM oo

LO r— ^1- LO *3- *3" LO «=3" 42
93

 
51

00
 

42
57

 CO r-H OvI M CO H H H H
 o o o O O o o o o CD CD CD CD
 o o o CD CD CD O CD CD CD CD CD CD CD
 o o o CD CD CD CD CD CD CD CD CD CD CD 00

01
 

00
01

 
00

01



15

t

Y
EA

R
 

CO CO
CO CO

M
O

N
TH

 DAY LAT
D

 LATM CO

O
R

 
S LONGD LO

<3-

LO
N
G

M
 

LO
<3- LO

O
R

 
W
 

CM cm

O
BS

 
C

O
N

D
IT

IO
N

 
CO CO

V
ES

SE
L 

SP
EE

D
 ro

LO LO

W
A
TE

R
 

TE
M

P CM 00
CO
CM CM

O', co o 1—1 CM ov t—H co CO LO o o CM t-H CO o LO o CM T—H o LO CO rH N rH CM
CO CT> o LO O'. LO LO o CO r—H LO CO cn r- o o^ LO CO CO LO 1—1 o
CVJ CVJ CO CVJ CM CM CM CM CM 1—1 CM CM CM CM CO CO CO CVJ CM «—H CM CM CM CM CM CM CM CM »—H

^1" •=3- *3* LO *3- ^ Or r- LO
SP

EC
IE

S 
C
O

D
E CO CVJ r—1 rH C\J co r-H T—H t—H CVJ LO t—H »—H CVJ rH LO CM CVJ CVJ r^ r—H CVJ CM LO

CO o o o o CVJ o o o o o o o o o o CO o o o rH T—1 o oo o o o o o o o o o o o o o o o «—1 o o o o o o o oo o o o o o o o o o o o o o o o o o o o o o o o o

N
U
M

BI
R

D
S



16

f
-

T
Q

<

3

D

00 in *—1 H CVJHHfONOHH «-Hr^*d-C\JCOLOC\JC\]^-LO rH rH CO OJ H
Q OOO OOOOOf-HOO COOCXIL0CXJOOOOO OOO o o

21 dL r-HOO OOOOOOOO 0000000000 0000 o
OOO OOOOOOOO 0000000000 0000 o

00
LU CO 0 O') 0 CO CO 0 LO CXJ 0 OJ r^- OsJ 1—1 OsJ »—H «d- CO CO CO CO o> OJ r-H O OJ OJ
t—1 LU 0 LO CO 0 0 LO 0 CO t—H LO LO LO CT) LO 0- cr> co CTi O 0 r—H
O O CO t-H C\J OJ CO 1—1 C\J t—H C\J CO OsJ CXI CXI OsJ OsJ OJ OJ <XJ CXI CO OJ OJ OJ co co co rH CO
LU O LO *3" LO •ed- cn *3- *d- «d- *d- ^d" «d- *d- *d" «d- LO LO
CL­ O
OD

UJ Q LO
O0 LU 
OO LU 
LU Q_ 
> 00

OO I— 
CO t—• co
O Q

o
o

o 3: OJ

CD

o

o
CD *d-

Cd
o 00

a:
< CO
LU 00
>-



17

t
CC'tCOOOfOCOLDHOJHOOlOCOCMOcooiNo^coio^-Lnair— n m o n o ^
Cxi CXJ OO C\J CNJ C\J Cxi CNJ Cx! CxJ CNJ CXI CO CNJ t—I CXJ

ON
LD
CNJ

00
LO

*3"

00

42
52

 
42

47
 

73
92

 
43

70
 

42
33

 
LOo

LOo

OO
CO

C\J LD PO (XJ O LO LO O') PO CXI i—I CO CT> »-H i—i
IOOOOOO OO

OOCXJOOOOOOOOOO OO
OOOOOOOOOOOOO OO 00

02
 

00
21

 
00

02
 

00
01

 
00

01



18

t

YE
A

R
 

oo
CO

M
O

N
TH

 DAY LO

LA
TD

 

o
o

LA
TM

 

oo
o

O
R

 
S LONGD Or

LO
N
G

M
 

CO
oo

O
R

 
W
 

CM

O
B
S 

C
O

N
D

IT
IO

N
 

LO

VE
SS

EL
 

SP
EE

D
 W

A
TE

R
 

TE
M

P 

CM
cm

CVJ CVJ t—H oo o o Or CV
o r-H LO ov o oo LO

SP
EC

IE
S

CVJ CVJ
 

1—1 oo CM CVJ oo CM LO CVJ
LO LO LO *3* *3-

C
O

D
E 

1—1 LO 00 «—l r-H oo I—1
o o o o o o o o o o
o o o o o o o o o o
o o o o o o o o o o

N
U
M

B
IR

D
S

oo
CO

o
o

oo
o

LO

CO
o

CM

*3"

*3-

CVJ

J CO CVJ oo LO oo <3- oo o oo CM o ov CTV CM
00 r-H or CO ov cv o 00 T---1 r^ oo CT)
CVI CM CM CM CM CM oo r-H CM CO CM CM CM CM

*3- LO LO 42
71

 
43

91
 

43
72

 
43

70
 

43
00

 oo r-H CVJ l—H o ov t—1 CVJ »—1 r-H LO r-H
o o o o CVJ 1—1 rH o o o o o o
o o o o o o o o o o o o o
o o o o o o o o o o o o o 00

01
 

00
06

 
00

06
 

00
09

 
00

12



19

t

Y
EA

R 

coCO

M
O

N
TH

 DAY CO

LA
TD

 o
o

LA
TM

 

o

O
R S LONGD 

LO
N

G
M

 

CO*3-

O
R 

W
 O

BS
 

CO
N

D
IT

IO
N

 V
ES

SE
L 

SP
EE

D
 

LO^3"

W
A

TE
R 

TE
M

P LO
C\J

co in co m CO CO
LD n N H f^. O')
C\J CVJ CVI CVJ CO CVJ^ ^ I—

SP
EC

IE
S 

CO
D

E «—H <—I CVI
t—t O O t-H O
o o o o o
o o o o o

N
U
M

BI
RD

S

CO
CO

cr>

o
o

o
o

o

oo
o

o
o
o

LO
C\J

o CVJ o CVJ r-H cvj CVJ CD CVJ r-H CO CO
o or CT'N r—l r—H O' CO

CVJ CVJ 1—1 CV! CO CO oo CO CVI co co co CVJ CVI
■vj- LO •5l- LO ^3- *3- 42

90
 

43
40

 
73

73
 NHMOOOO O CD O O O O 

o o o o o o o O O O O O O 
CD CD CD a O O CD O O O O O O
CD CD CD CD CD CD CD o o o o o o 00

00
 

00
00

 
00

00



20

03
JD

<D

00 r^-1—i i-H CM r—( LO CD o o LO CM CO CM CD CM fO H H fO H H CD CD CD CD 
Q r-H O CD CD O o o CD o o O i—l CD r—H o CD CD CD CD CD CD CD CD CD CD CD CD 

21 cd o o CD CD O o CD CD o o O CD CD o CD CD O CD CD CD CD CD CD CD O O CD 
ZD *—i CD CD CD CD O o CD CD o o o o CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD
z: CO

oo
LxJ CD *zt LO CM CO 00 CO CM o CM oo CM CD CD CO CO O H M OO CM CD CD CD CO 
»—i UJ cn CO O') CO r^ OD T—< r^~ «—“i <T> CD CO 1^ crw— co co i—i N N CO N 
o o CO CM CM CM CM CM CM CM CO CO CM CM CM co CD CM CM CD CD C\J CM 
LxJ o r*- *3" •sj" r^- LO *3- cj" ^ lo r-^ ct-
CL. o
OO

cd
LxJ Q_ CM

LO
<C LxJ CM

UJ Q O O o
OO LlJ o
00 LxJ o
UJ Q_ 
>- 00

CO I— 
CD *—* ro ro
CD Q 

IZ
o
o

cd
LxJ O 3: OJ CM CM

CO
CM

O CD o
CD

Cd
Z CD 00 O CM

o> O CT^
O O CM

CD
O

Cd
CO CD CO<

LxJ 00 CO 00
>-



21

t

w
 YE

AR
 

COco COCO

M
O

N
TH

 DAY CO
CO CO

LA
TD

 

o oo o

LA
TM

 

o oo o

O
R

 
S o o

LO
N
G

D
 

CO
CO PO

LO
N
G

M
 1^ CO

CO o

O
R

 
W
 

CO CO

O
BS

 
C

O
N

D
IT

IO
N

 
co co

VE
SS

EL
 

SP
EE

D
 

o o
CO

W
AT

ER
 

TE
M

P t-h co o co co ^•OCOCOODOOCVJ COCOOJ^HrHOJN 1—1 CO co t—( CO *r^- co CTi co CTiOCTiNCONNOi rH CO H IT) N ID ^ <y\ CD CO O
CO CO CO CO CO C\J COCOCOCOCOCOCOCO CO CO CO CO CO OJ CO co co co co CO C

lo r— «vj- ^ cj-

SP
EC

IE
S 

C
O

D
E o o o o C\J^-OOLOHrH^-CM OJHCOHHNHOJ O o co co h ro o o o CD O O rH rH O O oooooooo O O r-H o O Oo o o o oooooooo oooooooo o o o o o oo o o o oooooooo oooooooo o o o o o oN

U
M

BI
R

D
S

d-
D
O

o



22

t

Y
EA

R MONTH 
D
A
Y
 LATD 

LA
TM

 O
R S LONGD 

LO
N

G
M

 O
R 

W
 O

BS
 

CO
N

D
IT

IO
N

 V
ES

SE
L 

SP
EE

D
 W

A
TE

R 
TE

M
P 

COOOHCONHMO 
Lncouorv'to^NN 

SP
EC

IE
S

cmcmcmoocmoooooo 
 

CO
D

E 

oooooooo
oooooooo
oooooooo

N
U
M

BI
RD

S

ro ro
CO CO

LD LD
CM CM

o o
o o

cm ro
O o

ro CT>
ro C\J

CM LDo *-«

CM CM

ro

o
CM

C\J^COOCO^HOJCOMNCOOJCO CM «-h
o^criN'HaiN»Hcouo<j-LDrHN n

cmcmoocmcmcmcocmcmcmcmcmcm cm cm
i""- ld ^ ^ ^ r^- ^ *3* 43

00
 

43
70

 
42

94
 

42
78

 LDOOC^OOCVJCOHCOH t—\ «—i i—i co r-
POi-HOOOf—tOOO O O O 00 CM
ooooooooo o o o o o
ooooooooo o o o o o 00

03
 

00
14

 
00

03
 

00
03



23

t

YE
AR
 

oo oo oo
CO CO CO

MO
NT
H DA

Y CO O')CM CM CM

LA
TD
 

o o oo o o

LA
TM
 OR S CM

LO
NG
D LO *3- CMCM CM CM

LO
NG
M <sO

oo

OR
 

W CM

OB
S 

CO
ND
IT
IO
N VES

SE
L 

SP
EE
D CM o CMCM o

o

WA
TE
R 

TE
MP
 

oo OO o oo O CM CM o r—1 CM o CO O CM CM o oo o r-H CM O <3- i—1 CMCO O'- 1—1 or LO i—i O'- o r^ CTi CT> LO t—1 00 o r^. CT) O OT O'CM OO CM CM CM OO OO oo CM CM CM OO CM oo ro oo oo CM LO CM CM oo CM OO oo*3" LO <3* LO *3- CT>

SP
EC
IE
S 

CO
DE
 

f—I r—I CO f—i O 'd- HCO O^HMO O o t-h LOO*^LO*d-*d-O O O O O O <—I o o o o o o o OO OCVJi-HOOO
o o o o o o o o o o o o o o oo ooooooo o o o o o o o o o o o o o oo ooooooNU

M
BI
RD
S



24

t

Y
EA

R
 MONTH 

D
A
Y
 LATD L

A
TM

 O
R

 
S LONGD 

LO
N
G

M
 O

R
 

W
 O

BS
 

C
O

N
D

IT
IO

N
 V

ES
SE

L 
SP

EE
D

 W
A

TE
R

 
TE

M
P r—1 o CO OJ CO o or-H OT T—H i—H o CD CT)

SP
EC

IE
S

OJ CO co CO CO co LO
 

LO LO CT)
C
O

D
E »—i r-^ »—• *—i ^ «—h LO

o o «—< o o o o LO
CD CD O) CD CD O CD o
CD CD CD CD CD CD CD o

N
U
M

BI
R

D
S

CO CO
CO 00

CD *-*
CO CO

CD CD
CD CD

OJ
CD

C\J OJ

CO

LO CO 
CD LO

OJ oj

LO

LO
co CO

o OJ o CD r—H OJ 1—1 O OJ o
O'. CT iH CT or o- LO f^- LO r—1 o

CO CO CO OJ OJ OJ CO CO OJ OJ OJ OJ CO LO
*53" *3* «vj" LO or 72

10
 

43
00

 
53

12
 

43
94

 
73

73
  00 CO OJ *—1 ^ HHMfOCJM 

 o I o o o CD CD CD CD CD O CD CD
 o o o o o CD CD CD CD CD CD CD CD
 o o o o o CD CD CD CD CD <D CD CD 00

03
 

00
83

 
00

08
 

00
07

 
00

02



25

t

M
O

N
TH

 DAY L
AT

D
 LATM 

O
R

 
S LONGD 

LO
N
G

M
 O

R
 

W
 O

BS
 

C
O

N
D

IT
IO

N
 VE

SS
EL

 
SP

EE
D

 W
AT

ER
 

TE
M

P o CM o f—1 T—H CM CM o
r^~ r—H cr> T—1 o
CO CM CM CM CO CO CM LO

*3- <3-

SP
EC

IE
S 

C
O

D
E CM c-. r—H CM

o O o o o o O
o O o o o o O
o o o o o o o

N
U
M

BI
R

D
S

co CO COCO co CO

CM CO
o o

O o oo o o

CM

co co LOC\J r-H o

CM C\J (XI

00 CO CO

CO CO LO
CO CO CO

o o o iH CM Or O O CM CM o
o LO €T> N LO o o r-H

CO CO co CO CO CM CO CO CO CM CO CO
LO ^ LO 43

91
 

43
72

 
53

12
 

43
00

 
43

70
 CM CM o o r—H CM O CO co CM

o O O o o o o t-H O o o
o O o o o o o o o o o
o O o o o o o o o o o 00

03
 

00
03

 
00

03
 

00
14

 
00

01



26

t

YE
A

R
 MONTH 

D
A
Y LATD 

LA
TM

 O
R

 
S LONGD 

LO
N
G

M
 O

R
 

W
 O

B
S 

C
O

N
D

IT
IO

N VE
SS

EL
 

SP
EE

D
 W

A
TE

R 
TE

M
P 

OJ f-H ro LD t-H *3" CVJ cvj ro
CO »—H CO o CO CO o

SP
EC

IE
S

CVJ ro ro CVJ f-H ro ro f-H ro
 

LT> LD r*-
C
O

D
E 

CVJ f—H f-H f-H CO
o o o o o
o o o o o
o o o o o

N
U
M

B
IR

D
S

CO
00

o

ro
O

LD
*3-

r^-
o

O

C\J

ro o o cvj CVJ o ro CVJ ro f—H cvj o CVJ o
o o CO f-H r- f-H co CO CO co. LD f-H t-H

ro ld ro CVJ ro ro ro ro ro CVJ ro CVJ CVJ CVJ CVJ
1— lo LD LD *3- <3- 1— 42

47
 

56
04

 
42

34
 

42
54

 
42

51
 o co i—( ro ro CVJ »“H ro ro Or LD C\J

or «-h ro o o O o o O ld i—i O
LD o O o o o f-H o o o i—i O O
o o o o o o o o o o o o O 03

26
 

00
01

 
00

01
 

00
01

 
00

10



27

-
03
Q

<D

o
O

3
a>
"O

CO »-H OO «-h lo oj r— o r—1 r—1 r—1 CO OJ i-H rH oo LO LO CVJ oo o CVJ ov CVJ oo ooQ O O C5 r—II CD r—I o CVJ CVJ oo o o o o o o o o o OJ cr^ o o oO O o o o o O o o o o o o o o o o o o o o o o o o oO O o o o o o o o o o o o o o o o o o o o o o o o o

LO i—I C'J COMHNO^HHMMOO^O^^O
CO N N coinLOrtooNaw^HOH^NcnHo NOHOOLT)^ O Q OvJ OJ CO OJCVJOJOJOOOOOJOOOOOOLOOJCVJoOOJOOLn OO H OO OO CVJ OJ oj LU O LO LOCl. CD 

CO

c£
LU Q_

C LU

LU O o LOCO LU LO
CO LU 
LU Q_ 
> CO

CO h- 
CO »—*
o o

o
o

cd

o

COCD *3- o
o

Q LO LOCD o o

Cd
O CO

OO LO
OJ oo

Q cr>
I— o
<C

>- LO LO<c o oQ

Cd
< oo COLU CO 00>-



28

t

Y
EA

R  MONTH 
D
A
Y
 LATD L

A
TM

 O
R S LONGD 

LO
N

G
M

 O
R 

W
 O

BS
 

CO
N

D
IT

IO
N

 V
ES

SE
L 

SP
EE

D
 W

A
TE

R 
TE

M
P 

SP
EC

IE
S rH M ^ IT) fHr-H <3- oo CM o o

 
t—H r-1 r^> r-( o i—H

CM
CO

D
E CM oo oo CO r—1^ ^ LT> r^. LO 1— 1^-

CO cr> CO 1 «d- r*-. D LO
CM o o o o o o o o
o o o o o o o o o
o o o o o o o o o

N
U
M

BI
RD

S

oo
CO

00

00

o

OO

CM

LO

ro

 OO CM o oo r-H r-H O oo r—H CO CM o
LO t-H o LO CM r—H o CO o o r—H o
oo CM r—H oo oo oo r-H oo oo oo LO CM oo CM oo

cr> 1— LO LO LO 42
52

 
42

47
 

42
46

72
10

 r-H r-H CO o oo LT> r-H O') o o o i-H CM
o o o o 00 r-H LO LO o o o o r-H
o o OJ O o o o o o o o o o
o o o o o o o o o o o o o 00

14
 

00
14

 

00
09



29

t

oo OJ LO «-H r-H »—H t-H r-H OJ OJ <3" LO LO LO o •—i cr» o cvjQ CO O 00 o o o o t—I o o O OJ o o o r-H CO CO '—i CD o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

00LU OJ r-H CT> O O OJ kO CO CO OJ CO O <3-0 0 ^ CM o H OJ N CO r-H CO t—l OJ r-H OCO r-H LO o o- o- *3- t—i t-n C5 CD »—H C J r—H OHOHLO^t N LO l—1 cr^ oo o OJ OJ CO »—I CO CO CO CO CO CO «-H LO CO CO OJ CO CO r-H OJ OJ OJ CO OJ CO oo oo *—H ooLU o <3- 0-- O" <3- r-- lo lo CTt LO O'- If) N N 1^ ^1- LO <3" *3" LO <3-Cl. ooo

CH
UJ Q_
< UJ

UJ o 
OO UJ COOO LU 
LU Q->■ oo

OO I— 
CD *—* COo o
o
o

q:
LU O 3 OJ

CO
CD o
o

o
CD

CO
00



30

t

Y
EA

R co
CO

M
O
N
TH

 DAY LAT
D

 G*Oy

LA
TM

 co
CO

O
R S LONGD r--OYo

LO
N

G
M

 

COLO

O
R 

W
 

CM

O
BS

 
CO

N
D

IT
IO

N
 

LT)

V
ES

SE
L 

SP
EE

D
 W

A
TE

R 
TE

M
P 

oo ON w o
OOCOCnO^LD'd-LDH I—
r-ICOCMCOCMCOCMCMCM

SP
EC

IE
S 

CO
D

E 

CO LO CM LO 1— CM CO co LO CM r-
o O 1-H o o t-H t—H o r
o o o o o o o o o
o o o o o o o o o

N
U
M

BI
RD

S

COCO

o

LOcj"

LOOYO

Oo

CM

CO

CM o OY CM o
 OY r- CD »—• ’—' ’—i *—• T-H o OY co LO o

rorooOHMcococo co CO co CM CM CM LO
^^■^■Lm^LDLDLn LO <3- LO 53

13
 

53
00

 
72

11
 

43
70

 r- CM f-H r- CM 1—1 1^- CM LO CM i-H *—H o <
—H o o o o o o o o CM o o «—H r—H CM 1
o o o o o o o o o o o o o o o <
o o o o o o o o o o o o o o O ' 00

59
 

00
05

 
00

02
 

00
01



31

t

GO
OO O CM O o OJ T—H *3- OJ OO LO O CM OO OO o r-H»-h cr> o r>. cn o *—l T~1 o cr> rH 1—1 r< o o CT)o o OO CM CO i—I oo ro oo CD oo ro oo oo oo ro oo OO CO CD CM OOLU o i— i— oo *3* *3- LO LO LO LO LO r-- LO LO <3-Q- O GO

Cd
LU CL.

C LU

LU O o oGO LU o oGO LU oLU Q_ > GO

GO I— CD i—io o zz 
o 
o

cco 3:

o CMCD o o
o

43
72

 
72

10
 

43
71

73
45

 GO <-H ^ CM t-H ooooooo *=3" CO C\J O'') i—I LO «~H 1—1 r—1O O^Ot-ho ooooooo t-H O O CO r—» oooooooo ooooooo O O O O 1—IZD ►—< oooooooo ooooooo o o o o o ooooco 00
01

 
00

02
 

00
00



32

JD
<D

oo
C4->

•r

“

—
C3
O

OO r-H1 ■ 1 O O rH cn o o CM CO CM CO LO O CM o CM O r-H
1—1 o r-H CT) o>LU O l— r^. o T—H r-H r-H o r^- o o o
O r-i CO CO CO oo CM CO CM co CO 1—1 co co r-H co CO CO CO r-H i—1 CM OO CO

*3-UJ O *3* LO LO LO LO CT) LO LO
Q_ CD
00

QC
UJ Q_

coLU o LO o o00 LU CO cr>
00 UJ o o
UJ CL 
> 00

oo I—
CD •—■ coo o zz. 

o o

QCO 3

coLO LO
LO LOCD o

o

o LO cn
43

72
 

CD cr> oo o
43

70
 

43
00

 
43

94
 

71
00

 
DC
o

CMo o o oo o

CO

CO
CO

HHfONO CD rH CO ro M H H H H 00 »—i LO CO '—I o o o o o o o o r-1 o o o o o o C\Jo NOOO occ o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o O CD CD O O CD O o 00

21
 

00
18

 
02

06
 

00
25

 
00

35



33

t

YE
A

R
 

CO CO
CO CO

M
O

N
TH

 DAY o
CM

LA
TD

 

CO CO
o o

LA
TM

 

C\J
CM

O
R

 
S LONGD LO e'­

OT er.
O o

LO
N
G

M
 

O LO
o CM

O
R

 
W
 

CM

O
BS

 
C

O
N

D
IT

IO
N VE

SS
EL

 
SP

EE
D

 
LO O

LO

W
A
TE

R
 

TE
M

P t-H o t—H LO t-H LO o t—H CM O o o o o o t—H CM CM o t—H o t—1 cn t-H o
o t-H o cc OY O cn o t-H o o Or cn r-H o o t—H O CO t—H L
t-H CM CO oo r-H CM CO CO CO CO CO r-H CM LO CO CO OO CO CO CM t-H i—H CM »—i CM CM o

«=d- LO «=d- ^d- O- LO «=d- ^d- P^ r*- LO

SP
EC

IE
S 

C
O

D
E CM o t-H T—H r-H CO o o o t-H t-H t-H CO I— CM oo t—H LO CM 1—I t—H

o o o o o o o t-H rH LO t-H o o o LO t-H r-H t—H CM o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o

N
U
M

B
IR

D
S

O
o



34

t

YE
AR
 

PO CO CO COCO 00 00 CO

MO
NT
H DA

Y OJ co Cj-
OJ OJ OJ

LA
TD
 CO OJ oo o o

LA
TM
 o oo o CO

OR
 

S OJ C\J

LO
NG
D CO CO I— COo o o o

LO
NG
M LO o OJ oCO o LO o

OR
 

W OJ

OB
S 

CO
ND
IT
IO
N VE

SS
EL
 

SP
EE
D LO O OIT) O OJO

WA
TE
R 

TE
MP

 
r-H OJ o o <3- r-H o o <3- o r-H OJ CT> r—H OJ r—H o r-H OJ o OJ (T> co r—HCT) r"- o O'- (Ti o p- cr. PO PO o cn p- r-H PO p- o

SP
EC
IE
S 

co P0 co CO P0 co OJ co P0 CO CO PO OJ CO CO co CO co PO co co CO OJ co r-H*3* *=3-CO
DE

 
<3- LO p^ LO

LO LO 00 r-H LO cr» OJ LO 00 00 r-H 1—1 o o CO LO OJ OJ 00 CO CO OJ r-HO o o O o LO r-H o o o o o o o co r-H r-H r-H o o o o oo o o o o o o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o o o o o o o oNU
M

BI
RD
S



35

t

Y
EA

R 

CO oo
00 oo

M
O

N
TH

 DAY LO LO
cm CM

LA
TD

 co LO
o o

LA
TM

 o
o

O
R S LONGD CO CO

o o

LO
N

G
M

 o
o

O
R 

W
 CM C\J

O
BS

 
CO

N
D

IT
IO

N
 

LO *3"

V
ES

SE
L 

SP
EE

D
 

CM

W
A

TE
R 

TE
M

P 

CO o CM o r*» CT> o t-H CM CO CO CM CO CM CM CO CM CO CM o o «d- LO
1 1 o 1—1 a\ r-*. o CO o <T> N Or <T) T 1 O'} LO *d- r~- cn t 1 t-H o o LO co
oo CO CO CO CO LO CM CM LO oo CO CM CO CO co CM CM CM CO CO CO CO LO CO CM CM
LO <3- LO LO LO 'd- LO <d- *d- LO LO LO «d- *d~ «d"

SP
EC

IE
S 

CO
D

E 

LO to Or CM CO o iH CO LO ^ 1-H C\J tH CO CM CM «d” r- CO CTi r—H
O CO O o o o O O f-H o o o T—1 O o CM CM r- o o T—1 CM o o
o o o o o o o o o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o

N
U
M

BI
RD

S



36

t

YE
A

R 

CO
CO

M
O

N
TH

 DAY LA
TD

 LATM co
CO

O
R

 
S LONGD cn

o

LO
N
G

M
 

*3"
*3"

O
R

 
W
 

C\J

O
B
S 

C
O

N
D

IT
IO

N
 VE

SS
EL

 
SP

EE
D o

LO

W
A
TE

R
 

TE
M

P 

t—H O O CO OO CM Or o o *3" OO o *3- O CO r-H CO CO CO t-H
o O O CO o *3- LO CO o o '—i rH o cr> rH <y> CT> r- r-H »—H

LOCOCOPDOOt—ICOCOt-Ht-Ht—H H LO C0 r-H OO C\J oo oo LO CO CO r—1 CO OO 00 CO OO co CO CO
<T> OD *3- LO «3" *3- LO LO LO *3" r». *3- ^3- *3- LO

SP
EC

IE
S 

C
O

D
E 

*3-00 rH 00 H ^•POnrOH ro h ^ h C\J
OOOOOOOOOr-HOOO CD CD CO *—I CO CTi i—< CD «—I CD i—i CD «—h CD o
ooooooooooooo o o o o o t—« cr» o o o o o o o o
ooooooooooooo CD O O CD CD o o o o o o o o o oN

U
M

B
IR

D
S



37

t

Y
EA

R
 

oo 

CO 

M
O

N
TH

 DAY oo
CM 

LA
TD

 

LO 
T-H 

LA
TM

 

cm 
LO 

O
R

 
S LONGD 

LO
N
G

M
 

cti
T-l 

O
R

 
W
 

CM

O
BS

 
C

O
N

D
IT

IO
N

 
co

V
ES

SE
L 

SP
EE

D
 o

lo

W
A
TE

R
 

TE
M

P LO o o r—H CM *3- T—1 CM CM
co O'- CO LO LO LO rH LO CT'i r^- CT>
CM co CM CM co CM CO CM CO oo CO

*3" <3- LO *3-

SP
EC

IE
S 

C
O

D
E i—i CO «—1 *—t r—< *3- LO »—H LO

o o o o o o r H «—1 CVJ o LO
o o o o o o o o o o
o o o o o o o o o o

N
U
M

BI
R

D
S

oo

co

CM

CM
cvj

r-
cvj

O

CM

LO

LO

o CM o CO ov LO T—t co t-H CM o
o T—H »—1 r^. CO CO »' “1 T--- 1 o LO o
CO CM CM CO CM CM CM CO 1—1 CM CVJ LO

1— r- LO LO LO 43
00

 

LO CM oo LO r—H r—1 1—1 1—1 «—H T—H t—H
 o o t-H o o o o o o o o

o o o o o o o o o o o o
o o o o o o o o o o o o 00

93
43

91
 

00
19

43
92

 
00

07
43

72
 

00
27



38

t

Y
EA

R 

CO CO
00 CO

M
O

N
TH

 DAY o
OO

LA
TD

 

CM

LA
TM

 

CX> cr>
CM

O
R S LONGD 

LO
N

G
M

 

LO CM
CO LO

O
R 

W
 O

BS
 

CO
N

D
IT

IO
N

 
CO

V
ES

SE
L 

SP
EE

D
 W

A
TE

R 
TE

M
P 

O O CO o OCMHMCMOO^OO^O rj- CO o o CM r—1 CM LO o CLo cr> o o or^cnchr-HOt-HOLDooo i—i cm o o O', O") CM r^- o COCO LO C\J CM LO POCOCOCOCMr—<CMCMCMCMLO coco CO f—H1 CO OO CO LO CM CM CM
SP

EC
IE

S
LO *3- <3-

 
CO

D
E 

CM *—I r-H CVJOC^COfOCO^D^HH^ CO CM LO LO CT> CO r—H LO CO oOO OO O^CMOOOOOOOO o o CM LO O o o o o <—1 oOO OO t-HOOOOOOOOOO o o o o O o o o o o oOO OO OOOOOOOOOOO o o o o o o o o o o oN
U
M

BI
RD

S



39

t

Y
EA

R 

CO
CO

M
O

N
TH

 

CM

D
A
Y
 CM

o

LA
TD

 LO 
co

LA
TM

 o

O
R S LONGD CM

CM

LO
N

G
M

 O
R 

W
 

CM

O
BS

 
CO

N
D

IT
IO

N
 

CO

V
ES

SE
L 

SP
EE

D
 W

A
TE

R 
TE

M
P CO i—H r-H t-H o O o ^ lo LO CD

«-H O O <-h O O O O UO r-H CM r-H
OJ i—< r-H CM CM *—t CO CM CM CO LO CM

lt> r— r— ^ ^ i—

SP
EC

IE
S 

CO
D

E ^■HLOCOMCO CO CO t—i t—i r*—* t-h

o o o o o o M IDO OJ LO CD
o o o o o o o o o CD CD CD
CD CD CD CD CD CD o o o CD CD CD

N
U
M

BI
RD

S

CO
CO

o

CO

*3"
*3-

12
4 

47
 

2 
4 

11
5 

 cty ^D CD r-H ^D r-H OY r-H CO O CO r—I r-'*'
 CO *3" O r-H o O *—• CD CD CM r-H C''-
 CM LO r-H r-H CO r-H CO r-H CO O CO CM CO
 i—- r— i— I— N ^ N CM N 41

08
 

 CM LO Kfr r-H CM r-H i—I i—1 r-H C\J i—I 
 CD CD CO CD CD CD CD CD CD CD CD CD 
 CD CD CD CD CD CD CD CD CD CD CD CD 

CD CD CD CD CD CD CD O O O O O 00
02

41
11

 
00

20



-
<3
Q

Y
EA

R MONTH 
D
A
Y
 LATD 

LA
TM

 O
R S LONGD 

LO
N

G
M

 O
R 

W
 O

BS
 

CO
N

D
IT

IO
N

 V
ES

SE
L 

SP
EE

D
 W

A
TE

R 
TE

M
P 

CTT *3" LO o CO LO CO co o *3- o CO o o o t—H O
CO o CVJ t-H CVJ o CO t-H LO co o t-H o o o t—H t-H
CVJ CVJ in LO CO CO LO CO CO CVJ CVJ o co co t—H o CO CVJ CVJ*=3- St- 1^ r^- *3* CVJ r-. CVJ

SP
EC

IE
S 

CO
D

E 

o or CO o t-H CO t-H CVJ CO t-H t-H CVJ CVJ CVJ o t-H t-Ho r"-. O *3- CO T—H CVJ o o t-H o o 1—f o o o LO o oo O O o o O o o o o o o o o o o t-H o oo o O o o O o o o o o o o o o o o o oN
U
M

BI
RD

S



41

_Q
i

i

—

oo

O
4->

•r

_d
4->
•r

1

•i
4
•i

“

j

•i

-t-

“

•r

4

—
03

CD

•

CD

03
CJ
CD
fT3
d

to
—
CD

—
d

—

o
-o

CD
to

CJ

n3
to
to
—
—
—
CD
O

Q
>,

to
CL
CD
cj
—
CD
CO

cj

a;

cn
d
O
=3
CL
CO

CD
d
o
O
13
d

>
CD
d
CD
O

—
d

CD

CD
«T3
to
->

CD
d
d

•s

-p

 

+->

•r

,—

Q_

•r
4-
•i

f

d
o
CL

CJ

03

—

—

03

CJ
—

—
CJ

4-
d
o
E

o
(J
•p
O

_Q
<D
d

CO

•p
O

O
<D
CJ
CD
E

_Q
CD
d

co

H
03
CO
CO

•

00 i
2

,__ i
o i +->
o i to x-H x—H rH 04

_d 1 CD
CJ 1 CO

oo 1

CD
T3
13 d 3 3: 3 3 3

03 o- o O
■<- e: C\J CO CO 04 O
03
d 03 03 Ox LT3 LD
O <D o OvJ O 03 03
_J Q x—H x-H x—H

CD
“O c OO z z OO
=3 *r- CO 04 O- i-H O
-p e: o O o o

4-> 03 CO O LD O r-H
03 CD o O O O CD
_J O

^—- ,—
•1— 03
d 13 -r—.
CD O" •

“O d CL
CD o to

d
>- CD 03 r—C 03 CO r-x CO

CD Q r- d oo ■O d 04 O x-H X-H
-*-> O 03 CD X—1 CD CD o r-H x—H r-H
in e: _d 4-> x—1 •i— -p r—1 x—H x—H r-H
Q QI CL CO 4- Cl CO CO CO CO

>- O CO •r— O 00 00 CO oo
to d +-> d
- CD d CD

CD 03 CD 03
“O i— T3 r—
>-> (X3 •»— 03
d CD d CDcn CD------ Z3

d x-H r-H
•i— rH CO O 03 'i-

o CO to CO
_d • • t—H • •
03 to to

• f— CD CD
C/3 •i— •i—

CJ CJ
CD CD
CL CL

OO OO

+-> 1
to 1

UJ 1 -d
1 03 i—1 xH r-H 04

CD 1 *r-
N i in

•i— i
2

5= O

•1- JZ 04 o o o o o o
4-> CJ • r-x
d to o • • o o o O
o CD o CD o o o o
CL 4- “O x-H “O » H r-H x—C x—H
o o o O
d o O
a.

-----' to to
CD CD

• r— •r—
CJ CJ
CD CD
CL CL
oo OO

CD I 3
■p 1 o rH r—H x—I 04
03 1 _J
E 1

1

2
1

 3
 CO
 O

 ^
 O

x-H

 00
 x-H
O

 CO
 CD

 x—I
 04
 x—H
 x—H
 CO
 oo

 co
 03

1

 o

 O
 o
 x—1

1
1

 3
 LT)
 r-H

 04
 1—*
 x—H

 ^
 LD
 ^

 tO
 ^

 CO
 04
 x—H
 r-H
 CO
 co

 o
 04

t-H

1

 o

 o
 o
 x—H

1
2

 3
 ^
 O

 LO
 x-H
 x—H

 ^
 o
 Osl

----
 04 to
 C4 13

i—
03

Jd
CL
CD
CJ
o
d

 03 CJ
 04 <T3
 x—H <D E
 x—H r—
 CO <T3 d
 co -d CD

x -p
CD

E to
P >>
CD _d
Cl Cl

OO '—

 ix
 04
 x—H • •

to
CD

•i—
CJ
CD
CL

00

2

 o to

 o • •
 o CD
 x—H -o

O
CJ

to
CD

•»—
O
CD
CL
00

2
x—H r-H 04

3 3 3 3
C'x >3- to
LD LD 04 LD

LD LD LD ^1-
OJ 04
x—H X—1 X—1 r—H

1

Z CO o
04 04 O'-

LD LD O o
'

to to O o
^3" o o

O'- o- O
o O r-H r-H
o o o o
r-H r-H r-H x—H
CO CO CO CO
CO co co co

LD to o r-
CO co

x—H r-H OO 1

o O O o

o o o o
o o o o
x—H x—H x-H r-H

r-H x-H 04 1

 3 
HCO

 x-H 

 04 
04 

 x—H 

2

o
 X—H
 o

 o
 o

 03
 04
 o
 r—H
 OO
 co

H x—H
 «d-

3

 o 

 o 
 o 
 x—H 

2

04 CO

3 3 3
HCO o
LD O 04

x-H 03 LD
04 o O
x—H x—H x—H

1

zz :z
 r-H 04 to
 o O LD

 o O ^3-
 o CJ x—H

 03 x—H to
 04 o CJ
 o x—H x—H
 x—H x—H x—H
 OO OO OO
 co CO CO

 CO T—H
 ^3- LD to

OO 04
x-H

2

o o o

o o o
o o o
r—H x—H X--- 1

04 to1

^a
la

en
op

te
ra

 bo
re

al
is o

r E
 Led

en
i

I



42

<T3
-Q

CD

CM

o
o
C

3
<D

-O

Sc
ho

ol
 

4->
tO 
CD 

CQ

CD
*o
3 C 

-4-> -r-

CT>c cn
O CD 
_J Q

CD
“O c 
3 -i-

+-> cn 
CO CL) 
_1 Q

>- 
CD Q
^ o
co n
Q C£ 

>-

cn
c

•I- 
+-> =#= 

cn

oo

Si
ze

 cn

Es
tim

at
e

c o o o
•I- MZ
+-> cj 
S- tno
0-4-o o
i-

Cl. $$

£o

X O 
«—I »—i

CO H
O O

CO CO
CT> o

Z 00
^tNf
in o

cn oj 
O O 

CJ M
rH CVJ

co co
CO CO 

CM CM 
o 

CM r-H
o cj

o o

c_> o
o o

8
r-H 1—1

CM
r-H

X CM hoohhhhO CO

-i- _5- 3 o ^ CO ■o- CO X X O'* CT> oo O O «-H o CO H o CO LO in r-H

 CO CX) o CX) X r^- x cm ^}- i\ X O O t-h o CT> O »”I tH t—H t—h tn CM
•i— r—H
i-

4->
tn
o
s-

CD *i-
•— >
<0 <o
JZ CJ

 OO ZZ zz Z Z <s) Z z z Z z £ -ZL
OMCO CD CM r- cm X CM c- r- tn CO in in co i— CM *3" CM CM CM X o X *0 3 r-H

fO CD •»-
r-H c\j oj JZ CO LO X X r- r---1 CM r- J* -C X
O O «—I O o o O r-H CM CM CM rO Cl 'O'

<D CD -r-
E i— tn X) CM

co
CD -C s- r— S-
CL ^ 4-> r— O
tn tn <o

“O o E •
>> CD i- tn cl

 CvJ to E in *•“ X o X x cn CT> o tn X CM C<l C\J cn CM CO > r-H CM CM CM CM CM X -O o—- r—H CD <0 O t-H r—H r-H r-H r-H r-H CD Z oQ_ • t-H JD CJ r—H r-H r-H r—H r---1 r---1 r-H •r- O r-H co co x CL CO X X X X X X X 4- “O X
X CO X Z tn X tn tn oo oo co oo oo oo co •t- O X

o 3 4-> r—
fO S- *r— C CL

4- •r— CD -C CD O
S- cn •i- Q. “O tn
fO O > •r- <D

3 M c Z
Q CJ ZD —

CO CO oi r-H X CM X cn CM 
o o «-h r-H CM O) r-H CM CM CM CM CTi 

• • r-H • • r—H r-H r-H r—1 r—H • •
tn tn tn
CD CD CD

•r— •i— •r—
CJ CJ CJ
CD CD CD
Q- CL CL

00 CS) CS>

 rv ovj CO

X
*0-

 o o o o r-H o o o o o o o 00 o• co
 o CJ o • • o • • o o o o o o o o o o o CD o CD o o o o o o o CD o '—1 r-H T—H "U »—H TD r-H r-H r-H «—H r—H "O

4
O O O
O C_J O

to tn to
CD CD CD

•i— •i— —
cj (J O
CD CD CD
CL CL Q_

OO oo 00

CM CO r-H 1—< CO r-H T—H t—H r-H co CO

if

i

CD
in
o

—
O

TD

CL

O
c

tn
CL

•



43

t
_

C

o
o
C

4
•»

-

O
Q

VJ

1

•

->
—
c
3
CD
O

Sc
ho

ol
 

to co co - mo^CMCNJ^Hir)^^
CD t—i co cvj

CO

CD
"O
13 c 3 3: 3 3: 3 3 3 3 3 3 3 3 3 3 3 3 3 3: 3 3

•r— CVJ LO LO LO O O «sf LO O *=3" *0" t—H CVJ 00 lo r-~ CO LO
'd' LO O LO t—H LO CVJ O LO O i i— t-H CO t—H cvj cvj o LO LO co

CD
C CD 00 CO LO CO CO CO CO LO LO LO LO LO LO 00 CO co CD 'd'o <D CVJ cvj 'O' CVJ t—H t-H O CD CVJ CVJ CVJ CVJ cvj CVJ CVJ CVJ CVJ CVJ o

Q t—H t-H t-H 1—1 T-- 1 t—H t—H t-H t—H t-H t—H t-H t—H t—H t—H t—H t H— t-H t H—

CD
"O C zz^^ooozoo -t- .*—
3 *r- inai^HOoOM  ̂ MOOr-l CD 00 LO CVJ LO 00  O LO4-> CO O LO C  O LO CVJ 1-HOOCVJt-HOO^-OCVJ

o o o
+-> CD WMLO^OOOLOCO cocx)coi^cococotHi\r^
03 CD <3- T—• O t-H O o
__I Q

rd 
CD "  O
to

>- co 00 oo LO CD o o LO O •f— CD IS* r^ CO CO CO CO LO LO to
CD O o O r-t t-H CM CO CO O CVJ o a> o o o o O o o o o o <D <_> o

4-> O o o o o O o o rH t—H cl-o o o o o O o o o CVJ CVJ 1— L. t-H
n3 SI 1 1 t-H r—1 t—1 t—1 t—1 1---( rH t—1 S- -r- T—H 1---1 t-H t-H t—H t-H t—H l—f »—1 t—H <d o t-H
O Ql CO co co CO CO CO CO CO CO o o CO CO CO OO CO co co CO CO CO sz CO

>- CO co co co co co co CO 00 CL c oo co 00 00 CO co co CO CO CO l/) CO
CD 3

to o S- c
o CD •t—

f— o 1— o
r— _C r— s~

CO CL •r— o
CD Q
C CNI CN CN CN CN CN

•i— *d- LO CVJ r^ LO 'Sj' LO CO o t-H CVJ co *3* 00 t-H CVJ LO CO «sj- CD
+-> =«= t-H t-H OJ CVJ CO <3- LO CD t—H Ht- t-H CO co LO
jc • • t-H t-H • •
CD to to

CD CD
•I—o CJ

(D CD
CL CL00 00

Si
ze

 Es
tim

at
e

C O 
O O
•i- JC OOOOOOOOO 'St- oooooooooo r-+-> o CO00 OOOOOOOOO ooooooooi^r- o
o OOOOOOOOO CD oooooooo*-**-I CD o
CL M  — “O -a
O O o oo o

CL
to to
CD a>
CJ o
CD CD
CL CL

00 oo

£
o OJt-Ht-Hr-HCOCO*—It-Hr-H ^tCO>-OC\JOvJ^-T—(COLOLO 

CVJ t-H

XI
cn CVJ i I—  t-H t—I 't -j  t—I CVJ i—I ID CVJ O C\J ^ CD H o  IX)

t-H  t-H LO CO

^e
so

pl
od

on
 sp

.



44

j

oo
Z

4

"

0
Q

-

C

3

>

D
O

c o o o
•I- JZ Od o o LO o o o iH o o o o o o+-> o Od • • Od • Od • • Od • •••••
i- to • • CO CO • • LO • • o o • • O O o O O oo CD CO 00 CD CD o o CD o o o o o oCL 4- “O ■o -o *—t t-H “O i—f .—( r—t »—t i—1 <i—1O O O O O OO O O OCl. ^

to to to to
CD CD CD CD

•r— •i— •r— •r—
O O D o
CD CD CD CDQ_ CL CL CL

oo oo OO 00
CD 1 3

4-> 1 o LO LO o o o CO N Od Od03 1 Od iH LO Od LO r-H 1—1E 1 T—1 ••f— 1
4-> 1
to 1

LU 1 -Z
1 cn O LO O O O ONCVJOW CD 1 •i— LO CO O LO O HCVJH OO

N 1 ZZ CO•r— 1
00 1

1
,_ 1
o 1 ■P
o 1 to LO LO O O CO Od 00 LD Odsz 1 CD CO C\J CO CO o Od r-Ho 1 CQ Od

00 1

CD-o
Z3 Z 3: 3: 13 3 =3 3: 3 3: 3E 3 34-> -r- 00 1^- CD cd LO CO r-H CO

LO LO CO O r-H LO LO Od r-H O
cd
z cn <3- Od LO 00 Od ^ Od OJ ^3- CO
o CD Od Od Od Od Od Od Od Od t-H t-H__) Q t-H r-H t-H t—H t—H r-H r-H r-H t-H r-H t-H

CD z
"U Z Z z ZZL zz •r— zz z zz. CO ZZ CO CO
13 v- •r- t/) 00 o t-H -Z LO LO CD t-H «—t t—H Od t—H

+-> s: _Z z o Od o CL CO t-H Od o o o o o•r— CL CD r—
4-> CD r- “O r-- o- o O —' LO CO O o o o o o03 CD O -f- *3" o Q tO Od o o o o o_J O Q 13 -----. •r—

CD •r— CD r—
-O -r- CD r— 03
CD 1— to 03 CD

■O _Q O JZ __ ,
•r- O z _z 3: o to
to Ti­ _o z Z3
i to de to -»-> •r— CD

>- CD 13 LO LO CL *i— CD JZ to O- co -Z to Od r^. cd CD T—H r-H
CD Q +-> O O o i— -Z Od CD -i— o o CL •r— t-H Od OJ Od CO CO

4-> O •1- z Od Od O CL O •»- _Z o o f— S- o o o o o o
03 ^ 5 >> t-H r-H Q i— T—H DC CL t-H r-H O CD t-H t-H t-H «—f t—H t—H
Q 3 sz CO co CD CO r— CO CO Q CO CO CO oo CO CO

>- z 00 00 to T3 CO Z CD 00 CO to 00 00 00 00 00 00
CJ o - O s- -o to 3

•1- c S- Z CD O _ CL
m- a> CD CD _z to o E•r- CD to CD 4-> tO to 03
O 03 03 03 Z -r- to S-
03 _J S------- 1 O _J CD

CD CL —' Ll_ 5:Z
z

•r— CO CD o T—H *3" o- o CD ^3-4-> =#= CO co CO t-H Od OO CO ^3- LD
-Z • • t-H «—H • • • • • ■
CD to to to to

•r— CD CD CD CD
CO •r— •r— •r—

O o o O
CD CD CD CD
CL CL CL CL

CO CO CO CO



45

03
-Q

CM

o
o
c

-»->

CD
■o

c o 
o o

•i— x: CO O CM o i—1 o o oOOCDOCOOOO
4-> C_) CO • CO • CO • CO
S~ CO • • o • • o • • LO • • o o
O CD o CD o CD CM CD o o
CLM- "O i—H “O t-H "O “O i-H i—1
o o O o O O

O o o O
D- 5r^

-_- CO ID CO CO
CD CD CD CD

•r— •r— •i— •r—
<J O CJ <j
CD CD CD CD
CL Cl Cl CL
co oo 00 OO

CD i £
+■> 1 o o o cmcmpolocdlooocd
fO 1 —I CO CD «—I CM CO i—I
E 1•i— 1

+■> 1
CO 1

LU 1 _c
1 CD o o *—i o co 

CD 1 •r— o in to co i—i
N i nz•f— i

OO ii
,— i
o 1 4->
o 1 CO lo lo o c\j

_C 1 CD co CO CM i—I
<j 1 CO
in 1

CD
“O
3 C ^ ^ -a. ^

+-> -r- O r^ CMCOCOl^O^tLOCM
•r- s: 'vJ" 'd- co ^^TOIOCOOCMO
cn
C CD CD co CM COCOCOHNLO^CO
O CD o CM •d-^CMCMHaiO^O
_J Q

CD
■o c zz. ZZL ZZ 2 CO z CO 00 CO
3 *r- CO CM rH CD CM r—H *-H CM CM LO CD

-»-> s: o LO o CM CM o o O CM CM LO

+-> CD o r^ o LO LO o o O O CO CM
03 (D o r-H 05 o O O o o o O o O

—I O to
c 4->
CD O

CD “O CD ^ CD -—'
r— •r— .— OS r— •
03 CO 03 +-> CD CL
x: to _C 03 C to

03 ^ 3 •r- 05
>- CD C o _C i— CD* 03 LO LO CD* CD o o LO

CD Q i- cj t—H S- CD r-H CL 05 CM i— rH *—1 CM CM CO r-H CM CM
-M O CD o CD +J r-H r— _£Z O CD 03 o o O O o r-H t-H i—1

03 t—H i— +-> i—H O CL rH i— _c= iH t-H r-H r-H 1—i i—1 t-- 1 t-Hco
Q Cd ,— CJ CO i— 05 CO "O CD CO 05 o_ CO CO CO CO CO CO CO CO

>- •r— i- CD •r— CD CJ CD -C CD CD CD CD CD CD oo co CD
o 03 05 O !5 CJ

“O to c •1—
CD 3 >» CD 4-> O +■> jQ
to CD E S- CJ CL O o

r— CO CD CD CD CD i— •—
03 Q_ >^U- f— Q_ •i— CD

CD U. —' Q_ * LU ^ CL —'
C

CO CD* CD LO LO LO CM t-H 1— CD£ =*fc CM CD CO CM CM CO <3- oo co O
_£=
CD L0 to to to

<D CD CD CD
OO •i— •r— •r— •i—

<J <J CJ <J
<D CD CD CD
Q- CL Cl CL

OO CO CO CO



46

_o

CD

CXJ

CJ

-*J
•r

1

o
cz

—
cz
3CD

"O

Sc
ho

ol
 

to
CD

CO

CD
"O
13 C

cn
cz cn 
O CD 
_J o

CD
"O

+-> CD 
03 CD 

__1 Q

>-
CD Q

4-> O
03 s:
Q OL

>-

03

+-> =4=
-CZ
cn

Si
ze

 cn

Es
tim

at
e

c o 
o o
•r- JZ
4- > CJ

to
o
Q.M- 
O O
5-

Cl $$

O

xz

3
CO
co

CO
CXJ
r-H

"O • 03
CL CXJ

“O t/> O
CD r-H
if) 00 COo CL co
c: o
CD •l—

r— to
+-> S-
4-> 3o h-
CO —'

lo
CO

to
CD

u
CD
O-oo

co H
r—I
• • OO
CD CM

"O
o
o

to
CD

3
••—
o
CD
Q-
00

*3-

2
O
CO

rH
t—H

 o
 CO
 O
 r-H
 CO
 oo

 rs
 ^

to
r-H

 CO

 CM
 o

6

CO

 LO LO CO CXI o o o LO O LO o o o o oCXJ O LO o CO LJD N LO o sf o o
C\J t-H HCVJ CXJ

 ^ 3: 3: 3 3 3 3 3 3 3 3 3 3 3 3 CXJ oo 03 tO LO r-H CXJ to to LO oo LO 03 r^
 *st- O o O r-H CO r-H «—i O o o CO CXJ CO

co 03 LO 03 r^ r^ LO LO to P^. 'Cp
 O o o o o CXJ 03 03 03 03 03 03 03 03 o r-H r-H r-H r-H r—H r-H r—H

00 3 3 3 3 3 3 3 2 CO oo oo oo 00 3
r—H r-H 03 CXJ O LO r-H oo o o r-H CXJ
o t—H LO <3- O CXJ CM CXJ r—H CXI CXJ o CXJ

CO o LO CO r-H 03 CO CO oo o CXJ CO CO CO r-H
o 1—1 i-H r-H o o o o o o o o o CXJ

o
“O

 o r—H r- “O CZ to o •r- CD 00 CXJ CXJ CXJ CXJ CO o o r-H 03
 r-H cxj CXJ CD <T3 O t-H -C "O o r—H r 1 r—H r-H r-H r—H CXJ CXJ CXJ CXJ r-H r-H r—H x: "O r—H r-H CL o r-H r—H r-H r—H r-H r—H r-H r—H r-H r—H
 r-H r-H r-H H-> <D r-H r-H i— to r-H r—H r--- 1 ----1 r-H r-H r-H r-H r-H r—1 r-H
 CO CO CO O S- CO CO o 3 CO CO CO CO CO CO CO CO CO OO CO co CO CO o J2> CO CO “O cz CO 00 CO CO CO CO CO 00 00 CO CO

•I—
1 O cz x:

JZ C o CL
03 CD3 4-> CD
O OO o Q

QZ -—' o —-

 co oi n* cxj r- r^C0^-L0L0OL003C0OP0
 LO 03 ^H to to HNNNI^COCOCOOIOCM

to to
CD CD

•r—
<j <j
CD CD
CL CL
00 oo

 CO o o o O LO o o O LO O LO 
to «—t co r-H CXJ r—i CM CO CO r—I

 LO o o o o o o o o o o o o

 O o o LO o o LO ooooooooooorH • • o
 o o o • . o o ooooooooooo
 o o o CD o o CD 000000030000r-H r-H r—1 -a r—t r—1 “Oo o

o o

to to
CD CD

•i— •i—
o CJ
CD CD

4
Q- a.
00 oo

to o to CXJ O LO o LO LO O O O O o LO
CXJ O CO LO r^- lo o o co o

CO r-H



47

l
03

_Q

CM

1

o

+-
•r

“

—

CD

•

oC
>
—C
3
CD
O

Sc
ho

ol
 1

l 4->
i to o o o LO o o o CO o LO o O LO LO O O o o o
1 CD 00 CM *3- ro ro ro LO «=3* T----1 ro o CM LO LO o LO o
1 CD rH CM t—H T----1 CM CM t—H

1

<D
-o
3 C 3: 3 3 3 3: 3 3 3 3 3 3 3 3 3 3 3 3 3 3 34-5 LO LO r^. O CM O ro 00 r-H 00 O CM LO T-1 ro co CD ro
•r- S LO CM O t-H CM *3" O O LO LO O r-H O t-H r-H ro O lo o
CD
C CD LO o o ro CM LO LO LO CM ro ro co LO CO lo CM O
O <D t—H t—H CM CM t—H t-H CD CD CD o o o o «vi- O o CD CD O t-H
—1 Q t—H t—H t—H t-H t—H t-H t—H t—H t—H t—H t—H t—H t—H t—H t-H

CD“O c HZ HL 3 CO CO co CO CO OO 00 3 HZ ZZL ZZL co CO CO
3 *r- ro --1 CM CM CM O r- LO *3* ro ro CM O ro t-H CTi O CO ^3“ 00
4-> o o LO t—H O o CM ro CM o O O t-H CM LO ^r r-H t—H O t-H
+3 CD „_.CM ro T-1 CM O o o t—H ro ro ro ro t—H LO CO CM ro ro CM
rt3 CD CM CM ro ro <T3 o o o o O o O o o to t—H T-1 t—H O O O t-H
_1 Q _Q •r—

r— S-
03 4-5o to
CD os^.

c 3 C *r—•f— S- •i- CD
>- CD CD r-H t-H sz <D t—H T-1 00 o t—H t—H t—H *3" JZ C ro O O CO CD t-H

CD Q CM CM o o CL O ro ro t—H t—H CM CM CM CM CM CL O t—H t—H t—H t-H t—H CM CM
4-> O t—H t—H CM CM r— O o O t—H t-H t—H t-H t—H t-H t—H i— i— o T-( t—H T-1 t—H t—H t—H

t—H t—H t—H T-1 o t—H t-H T-1 t-i T-1 T-1 T-1 T-1 t-H o t—H t—H T-1 t-H t—H t—H t—Ho or: ro ro ro ro “O fl3 ro ro ro ro ro ro ro ro ro "O 03 ro ro ro OO CO ro ro
>- CO CO CO CO i— CO oo co oo oo 00 CO 00 00 r— 00 CO CO 00 co CO 00

*o i— S- r—
CD CD CD CDCL C C C•r— CD C CDs- 4-5 •r- 4-5
4-5 CO CL COCD CO __ CO —'

c ro J" -T ro CO CO j-
LO CO o t-H ro LO CM ro t—H LO LO p- *3" ro LO O LO LO co£ =#= CM CM ro ro LO LO CO 00 CD CD CD CD O CM LO 00 00 CD t—Hx: t—H T-) t—H t—H • • t—H • • t-H

CD to CO
CD a;
o O
CD CDCL CL
CO CO

Si
ze 1 •i— LO LO LO LO LO t—H LO CM ^3" lo ro CM o o o o CM

l nr t-H CM t—H CM CM LO t—H

1
1
1

 1 o o o o O o o o o o o o oEs
tim

at
e

—■
i—

c Oo o
•r— JZ o o o o ro o o o o o o o o o ro o o o o o O O
+-> o • • • i—H o

to O o o o • • o o o o o o o o o • • o CJ o o o LO Oo o o o o CD o o o o o o o o o CD o o o t—H o CO o
CL 4- t—H T—H T—1 t—H T3 rH 1—1 t—H r—H t-H r-H T----1 r-H t—H •o t—H t—H t—H t—H t—H
O o O o
S- O o

Q_
to to
cd CD

•1— •r—
<_> o
CD CD
Q_ CL
00 CO

I 3
I o LO LO LO o LO o o LO o o o o o o o LO o o o LO
I _I CM CM ro CM CM ^3- O') t—H CM LO CM LO o t—H o o LO
1 t—H t—H t—H T----1 T----1
l

l
1 -C

CD LO LO o LO o LO

pW
hi

te
 b  el

lie
 d  fo

rm
  TS

 pe
ci

es
,C

od
e:

 
^E

as
te

rn
fo

rm
-

Sp
ec

ie
s

C
od

e:
10



48

<T3
-Q

CD

o

T

o

3
CD

3

c o 
o o

O O O O O O r^ oooocdooooooooooooooo
+-* o (D
i- to O O O O LO ooooooooooooooooooooo <D O O O O «—• Cl) 0000^-000000000000000
Q_4- "O -o
O O o o

o o
Cl. ^

CO to
CD CD

o o
CD CD
Q_ Cl

co CO

CD 1 £
+-> 1 o O O o CX) o LO O CO o CD OLOOt-hOlOOLOO OOcdNh 
03 i _i OO OJ OsJ LO o- O h cvj ro t-H f—i «-h LO C\J o OJ o t-H
E i t-H t-H C\J

•r* i
+-> i
to i

LU 1 sz
1 CD LO o LO LO o o O t-H O O OJ o O OJ 

CD 1 •!— CD O'- OJ o LO O CD CO OJ t-H o O rH 
N i =n LO r-H CO *3- OsJ•r— i

CO i

i
o 1
o i to LO o o o o o o *3" O OsJ CO o O CO 
x: 1 CD *3- oo oo r-H LO o o OsJ t-H o LO
o 1 CD OJ r-H OJ CO

CO 1

CD
“D
3 c 3 3 3: 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
+J *r— 00 oo O'* 00 CD <3- CD o O OJ LO O CD CD 00 O o *3" *3" CO 00 CD

LO LO LO T—H *3- oo oo oo *3- OO OJ ^ OO O LO o OJ O o O O O o t—H T—HCD
C CD o 1—1 'vf* *3_ OJ CO *3" CD OsJ OO CD CO ■3" LO CD 00 00 CO oo co 00 CO OJ
O CD <3- *3- o o o OJ oo OJ t-H t-H t-H O CD CD CD CD O o O o o o o t-H

—I o T-H t-H t-H t-H r-H T—H T---1 t—H r-H r-H t-H t-H t-H T—H t-H T—H t-H T—H t—i t-H t-H

CD
"O C 3 3 3 3 CO z z z 3 CO CO CO CO 3 22 3 CO ZZL 3 3 3 3 3 3 3
3 -r- •3- r- CO OO *3- t-H CD <3" t—H OJ T-» OJ OJ LO LO LO LO O 1— OJ o CO <3- CO

■»-> s: OJ OJ t—H o o LO oo o o o o o o LO CO CO OJ T—H OJ CO OJ CO LO *3" LO
4-> CD OJ T—H LD CD CO OJ t-H O o o o o O CD *3" o CO t-H t-H OJ CO CO LO LO LO
03 CD OJ OJ t-H t-H o CO o o o o o o o o o o o o o o o o o r-H
_J O

03 
-♦-> -C
03 Q-
3 
C O

•r~ CD T3
>- £Z 4-> OJ OJ LO o t—H 00 o LO CD o O r-i T-H OJ CO LO O *3- *3- LT) LO LO LO LO CO

CD O CL 4-) t-H t-H o t-H OJ -O o t—H T—H CJ CO CO CO O T-l r-H t—H OJ OJ OJ OJ OJ OJ OJ OJ OJ+-> o i— 03 o o t—H T—H r-H CD o o o o o o o t—H rH r-H t-H t-H r-H T—H r—H t-H T—H t-H t-H t—H
fl3 O t—H T--- 1 T-H t—H t-H •r— t-H T—H r-H T—H T----I r-H r-H t-H t—H t-H <—1 t—H i—1 r-H t—H t—H t----1 r-H i—1 t—H
o QC "O <o CO CO CO CO CO <+— CO CO co CO CO OO CO CO CO CO CO CO co CO CO CO CO CO CO CO

>- CO“O ^ CO CO CO CO CO co co CO CO 00 oo CO oo CO co CO CO oo oo CO CO CO co co

CD CD C
4-> C CD
-*-> CD T3
O 4-> 
CL CO 

CD CO ^
C

OO^-ID^- COCX)O^CX)l^(X)OCDrHr^COCX)lOtDh-OJ^-lDCDrH
=**= t-H OsJ LO LO CD HH(\JrO^-^-ir)LT)|NM\(X)OOOHHHHC\J

JZ
CD to to

CD CD
CO •r—

o O 
CD CD 
CO­ CL 

CO CO



49

-

C

o
o

-

"

0
Q

C

PC
C
3
C

3

D

M

D
O

Sc
ho

ol
 

OO
CD

CD

CD“O
3 C 
-P -r- CM O O ID CO O CO 
•r- LT> CO *3" CO *3- O CM
cn
c cn x (X) co co oo oj
O CD CO t-H t-H t-H O C i CM
_J o

CD-O C Z CO 3 Z Z
3 -i- t-H o CM CM T-H <D CO 
•p O O O O CO O LO

-p cn O O O O CO LO 
rt3 CD O O O O O O CO

—1 O c(O
CD
CJrC
CD
CJ

>- roo cm
CD Q ■O CM CO CO CO o CM O 
■P CD O O O O i—l t-H CM03 O s:o ct: CO CO CO CO CO CO CO 

>- CO co CO co CO co CO
-Pc
CD“O

cnc
CM LO T-H CM CO O CM

-p =**= co ^ true in h co

cn in
CD

co
CJ
CD
Q-

00

Si
ze

    t—   (XI

Es
tim

at
e

c o 
o o
•I- .£= CD OOOOOOO
-P CJ CTi .................................................

CO • • ooooooo
o CD OOOOOOO
0.4- O i—I rH rH r—I t—H t-H rH
o o o

o
Q_

CO
CD

o
CD
Q_oo

o C\J T-H T--- I t-H «—\ t-H 1--- I

cn C\J ’—I t-H I t-H



50

\

+-

03
-Q
r—
CD

CO
•

OO

4

“

—

3
E
E
03
S-

o—
CJ
CD

+->
03
CJ
CD
03

to

-C
03
>

03
to

CD
c
<J
O
3

CD
CD
O

CD
CD
03
to

+->

4-3

Q_

O
CJ
4

t

>>

CD
i-
c

S-
oCL
CJ
03

03<j

5-
oE

—

-> 
O
_Q
CD
S-
to

 
 

4-3
O
Q
CD
CJ
CD
E
-O
CD
c_
CO

H
03
CO
oo

•
1X3 -—. ..—» o ^.

-—' i—H CO 03 CM LO co CM t—H CM o CM LO t—H CO--- >—- "—• — —■ -— .- >—r •»-- __ T—H •N__• ____ ____
--- o CO CO o o oo o o o •—- o o o -—» ^—» COs o co CO CO o *3" CO CO o o CO t-H o o t—H CO
o • •v_- •«__ •

CD —J CO co LO co CO LO LO CO 03 o LO o t-H
M CO CO oo t-H <3- CO CO CM t—H CO r-H
CO
,__
o
o -—- *—.
-C LO ---• -—' -—* .--■ »—- -■—. «■—■ —. o -— >. -—~ X—*
CJ — «—H CM 03 CM CO LO CM t-H CM T 1 03 LO t-HCO ^ v—' >—' "-• >--• — **—» —- —-- •**—r ____ •w^
— o o o CO o co o CO o o o o o LOC JC o LO LO o co oo CM o o CM co o o03 03 • •

CD *i- CO CM CM CM CM LO LO LO co 1— CO LO CMs: :n CO CO CO r-H t-H co CM LO CM COt-H 1 1 CM t-H t—H
"O
CD

+->
03

to CM 03 CM 03LU
o O CM CO O CO o o LO o o co o LO Oo O CO LO O co o 03 o LO LO CO CM o

to
CD LO LO CO CO O CO

CO CM CM CM *3- CM CO 03 CO CM

“O
CD
X O CM O O CM O CM t-h O r-H O O

CD
CO CM 03 CM CO CO O O CM 00 03 O *-H t-H CO3

Q_

03 CO 03 CM LO CO CM O LO r-H r-H CO
4-3 CM
O

to
CD LO O «—• CO LO CO CM CO 'st' r-- o CM CO•r- <D o CM CM CM r^- 03 CO CO COo -o
CD O 
CL <J 
OO

CD
“O

03
CD

4-3 JO S-
to O oo JO
s- CO

to 3o 03 J£Z
S- cz <J too c c03 n3 >3 03 CDc JD _c= CD S- X3o <& i- CD ■o 4-> 03

03 c o 1/3 o 03 U 4-3 to
O n3 c O to +-> CD 03 to

CD CD •o CD _c ih 03 3 03c CD Q_ 03 03 3 C S-
CD 3 i- to 03 “O C CD CJ

<D -»-> S_ J2> CD +->c oo CD to to 4-> +-> 03Q- <D O Q_ CZ CD +-> 03 CJ Cltn 4-3 CJ O •r- “O 03 to
OO c CD •r- 03 •i- CD • T— CL 03 O

to ------ •l— 03 +3 lO _ci -o Cl o 03 CD to ■O 03
3 sz r— OO CO CL O i— c CJ CD 3
c c: CL r— ------ 3 3 c— C o CD i— o S- CD 05

•r— •r— r— CD J— CL o CD “O o O) c <D to JZ
JZ JZ o c c= **—' E “O 03 <J c o Li_ Q_ CL
CL CL T3 CD •1— 03 03 <D o C CD CL ■—^ CD

r— 1— 4-> JZ C= L- -O —1 i— JO •r— 4-3 CD CJ
CD o S- oo CL •r— CD CD •— 03 CL. ^Z OO Q- CD CD
Q "O CD -— i— JZ «.— “O _£Z •—- CL ■----- r— _Q
___ c o CL •r— £Z i— 03 03 O

s_ c= cz ■O r— cz CO •»— CD O c= C -C -CZ
c CD •f— •r— o •r— 1 JZ 4-3 to “O •r— •r— 5

•r— c CL "O T3 JZ CD CL JC •r— -C
CD sz c CO CL CD CL 4-3 f— 03 o T3 Cl CL s-
E CL •r— 1— £Z “O i— •1— o •r— CL CD i— i— CD CD CD
03 ,— CL >> o 4-3 CD O -C T3 s- s- •r- O o r— i—

~y o (/) -O O CO “O o 4— “O “O ,— ,— 03
"O 1— o o CO c CL •r— •i— •r— -C

tn c O) T3 4-3 c: to CJ — i- 4-> “O 03 -X
CD c S- JD CD 1 CD - •r— S- <D to C CD

•1— o CD CD CL sz i— o 4- CD x: — CD 4-3 4-> >> CD 4-3
(J E 4-> 4-3 •r— 03 4J CO •r— to 4-3 r— “O 4-> CJ E to O
CD E to •f— 3 4-3 to CJ 03 S- i— •i— O CD 03 r— r—
Cl o 05 JZ 4-> O O •1— 03 S- o 03 CZ CL r— >3 03 •r-

00 o UJ 3: 00 cc CQ cxl Q_ Ljl. zz O =) oo LlJ CL- Ll. CL-



51

t

Sp
ec

ie
s N

am
e 

Sp
ec

ie
s 

co
de

 Total 
Pu

re
 Mixe

d Es
tim

at
ed

 Me
an

 Sc
ho

ol
 

Be
st

(N
) 

H
ig

h(
N

) 
Si

ze
Lo

w
(N

)



52

03
JO
CD

CD

CD
03
to
-p
cd
S-
c

s-
O
CL

CD
03

Q_
03
cd

o

O
ct

ob
er

 6 t
o D

ec
em

be
r 6,

 198
3.

lo to cx^cr>Ot-Hi^cvj«sj-Ln to co co oo cd o
CD CD CD CD CD r-H i-h »~h *“H r-H «—i r—h i—i »-h t—h «-h C\Jo 4 r-Ht-Ht-Hr-Hr—1,-Ht-Hr-H4-> 1—• CXI CO t—I r—I i—I LD to 1^. CO 1—I 1—I r-H 1—I r—I I—I ,—| r-H CD 1—I r—l i-H r-H T—I 1—| ,—I ,—I ,—1 ,—I ,—| ,—| r-H

CD =*t=tt==|^=t^Q_Q_Q_=^=^=tt==tt=Q_Q_Q_Q_Q_Q_Q_Q_=t|==^Q_=^Q_=^C^Q_Q_=^;Q_=^=^Ci_ 
CD ODOOODOO_J_J_JOOOOOOOO_J_J __I_J_J_J_J_JOOOO_JOQ_|00_J_J_JOO__JOOOO_J

_i—i_i—iococc£_j_j_j_jqcce:qcce:qcce:c£q:_j_jqc_jqc_jq:c£oc:_jqc__i_jqc

O
CD

cd to LO LO CD O 
LO LO O LO t-h CDc o o o 

o CD «-H O —<oo
^ 'd' ^t"

to oo OO 00 oo OOo
CL. O r-. r-H o o o o o o cxj co 

o o o o o
o o o o O rH 1—H
o o o o o o o

CO OO co co CO CO CO
oo CO oo oo CO CO CO

CD
+-> to = = = = = 00 CD = =
03 r—) «—i 1—\ 1—1 r-H CXI CXJO

o o o CD o o oiH t—H «“H r-H t—H t—H r—H

fO o CO •r- <o CO co
O c S- -P $- S- c

JZ •I— fO CD •i— CD CD CO CD c
to CD to 4-> 4-> 03 -P -P -P -P CD <o to
>> o ■r— >> CO CO Cl CO CL CL CO CL CL c >>JZ CD .c E O : = L = O o L. : O : •»— : >r— x:

05 -p 3 13 ■P •P »»— CD CO CD CD -P CD CD ■P
S- CD CD M— CD l/) ■P 3 CL 3 CO 3 to 3 CD -P CD CDto -p -P i— ■P O CD CD -P CD o CD •f— X = -P

CD 03 CO i- 3 to r— CO C CD
cO 03 -P <0 3 CD 3 CO

CD E E ■P E CO •r— CO to CO CO CO <o CO JD E
CD 5 o o CD o E E 3 E E E E E o
D_ CD i- = = = S- CT) i- o CO O <4- o o o o o CO S-

OO 03 “O "O CD TD i- S- S- ■O"O o £_ O z.o ■O o "O CO T3 ■O -O ■O -O oc c M- C o = = CD : O = C O o : O : O o : (D - c
cO <T3 O CO i- i- S- S^. s- S- CO
<D CD to CD CD CD CD CD CD CD CD CD CD i— CD
cd cd CD CD 4-> +-> -P ■P -P -P -P -P -P 3 CDo o Z O CL OO Q_ 00 CL CL CL_ CL CL CO O

rHMCO^LOtDCvCOO^O cxi co lo to co CD O «—I CXJ CO LO LO r^» oo cd o »—i cxj co
•"D OOOOOOOOOi-H r-HCXJCXIC\JCXJC\JCXIC\J CXI CXI CXJ co CO CO COoo
CD



53

03
_Q
CD

^3-

1

oo
C4->

•r—C
=3CD
T3

i-H C\J CO
s- CM CM CM CM
o rH lo I—1 iH t—H co
+■> t-H r—H tH t—H rH r-H r-1
o Q_ Q_ Q_ =tfc Q_ =tfe
CD ---- 1 CO —1 __ 1 CO —J CO

cel _J cd cel _J Cel _J cel
TT

oo

3 3
o LO
o LO

C o O
o o OO•1— oo
+-> t-H

l/) CO COo — —

CL o OOoo oo o
t—H o
o o

oo oo OO
CO CO CO

CD 1 1 1
+-> CM = = = LO =
03 CM CM CM
o 1 1 1

o o o
I—1 T-H t—H

03
o
.eto CO CO
o 3

JC (J be
+-> = = 3 +■>
CD CD CD

CO H-> ■r— 4->
CD O•i— 03 03 03 03
L> E E Q- E
CD O o o
CL S- e co e
00 T3 T3 3 -a

O O c o
C = = C •l— c : 
03 03 M- 03
CD CD M- CD
<-) O 3 UO O CL O

=**=
lo co r- oo cd Oco OO CO CO (O co •^3"

CO
O

LO
CM
rH
t-H
 Q_

II

3
CM
oo
CM

CO
—

oo
OO

OO
001 
CM

1 
o
1“H

= 

 *—<
 ^

COCM
t-H
r-H
Q_
_1
cel

II

3
CMCMO
CM

—

ooo
oo

 oo
 CO1
co CM

1
 o
 t-H

= 

 C\j

 OO
 t-H
 =**=
 CO
 -J

II

 =

= 

 CO

co CO CD O r-H CM OO ^ LO LO CO CD o *—l CM OO
CM CM CM CM oo OO CO oo OO OO OO oo OO OO
r-H r-H i-H rH t-H t-H t-H O t-H t-H t-H I—1 CM t—H t-H r-H t-H oo T—H i—1 i—I t—H rH
r—H r-H rH i—H r-H r-H t-H CM CM t-H t—H t—H CM t-H t—H t-H t-H CM t-H T—H t—H r-H r-H
 CL Q- CL. Q_ CL Q_ CL =tfe =tt= a. Cl CL =*fc D_ Cl CL Cl =#= Q_ Q. Cl CL Cl.
_J _1 _) —1 _J __ 1 _J CO CO __ 1 _J CO _J _J _J _J CO —1 —1 _J —1

cel DC! cel Of Cd cd _l _J Cd Cd Cd —I Cd Cd Cd Cd _J Cd cd Cd Cd Cd

II

3 3 3 3 3
t

O o o o o
t-H o o o oO o o o o
CD LO LO LO LO
O CD CD CD CD

z z Z21
— — — — —

CM o O r-~ CD
O o O <3-o o o o o
o LO -d- CVJ CM
o o o o O

OO OO
oo CO CO
CO 1 1
r-H r-H t-H

1 1 1
r-H t—H t-H
t—H t-H t—H

03 03 03
O O O

03 sz
+-> CO CO CO e
03 >> >> >> o
S- _c _c u

4-> +-> 3CO CD CD CD CDo +-> +-> 4->e
03 03 03 03 03

03 E E E
E o O 03 03 o o 03 O O o
o r— e S- S- S- 
S- T3 T3 3 3 -a -O 3 “O 03 t-O “O

“O O O CO to o o CO o O O
= O C c c c 03 c = c

S- 03 03 03 03 03 03 03 03 CD 03 03
CD CD CD r— a) CD CD CD CD <D4-> O O 3 3 o O 3 U e O OCL O o OO OO |o o oo O Ll_ o o

 ^3- LD co I— CO CT) o t—ic\joo^3-mcor^cocDO»—• cm co «3- lo lo
^ LO LOLOLOLOLOLOLOl-OLOCOCOCOCOCOCOCO



54

03
_Q

CD

o
o

C
-

D
a

lo ko 00 03 O T—I C\J CO LO
«d- *3" LD Lf) Lf) Lf) LD LO LOo 't HLD^r-1 N CO rH Ol *H i“H O «H r-H t—I rH <r—I »—H

-p OJrHC\JC\JiHCVJC\JrHOO ’—' T—* CO «—H f-H t—I i—I i—I t—I *—•
o =teQ_=#==*fcQ_=#==ft:Q_=tt= CL_a_=^CL.Q_Q_Q_Q-Q- CL.
CD 00_|CO00_JC000_|CO —I

—IQ^ —I —I —I  I C£  I o'o'—icxicricticticxicx: Cd

o
o

TT

13 03
C O

•r- -C
S- S- CO to
03 o >3 >3E u -C .C
o =3 -P -PCL 03 CD CD CD

to -P i— -P S- -P
cd (/) 03 o

=5 O 03 03 c: 03
o ■i— to E E •r— E
<u S- 3 o o E O
O- 03 <4- = = = = : = = i-

oo 03 S- *o ■O 03 T3
-P o 03 o o -p O
03 o C c c 03 C
CD S- S- 03 03 03 03
CD CD a; = = = = CD CD CD CD
S- -P -p o o OCO 00 o o Li-

=**=
rvcoo^OHNro^-LDLDi^coo^OHOvJro^tLO

•"O ^OLOLONNI^NNNI^NNNCOCOCOCOCOCOC
GO
Q

N
 LD

 r-H
 Q_
 —I
 Cd

II

L
OC

 CO
 LO

 »—I
 Q_
 —1
 CXi

II

ON
OO

 
 LO

 i—I
 Q_
 —I
 Cd

II

C
O

O
 LO

 r-H
 Ql_
 —I
 Cd

II

oo
CO

 H C\J OO LO LO 1^
 LO LO LO LO LO LO LO

i—I C\J CO rH i—t »—H i—I i—I 
 r-H CO f—I CO CO f-HI f-H t—I i—I i—I 
 Q_ =#= Q-^^Q-O-Q-Q-Q. 
  I CO _l(/)00_J_J_J_J_J 
 Ctl  1 Q^_j_Joroc:c^ci:cE:

r

03
O

o s-
o

-p o
to 3
03 CD c
o 03

CJ
03 X 03
E
o Q_

■o O
o
c: to
03 3
CD S-
o 03
o

^o HMO)^U)LONCOCT»
O^ cr>0303a3cr>cno303cr>



55

t

D
SJ

 O'-iojco^-LD^or^cocno rHCMco^j-LDLor^cooooooooooo*—*

# 
Sp

ec
ie

s 

fd 03
O Osz sz
S- S- (/)
o o >>
<D CD
13 3 -»->

c CD CD CD
rd r— 4D s~.
CD o
X 03 03 03 c

•f— E E E •r—
o. o o o E

•r— S- = = = = = = = = = = S-
CL ■o •o ■a fd
o o o 4->

co c c cz <d
=3 <d <d 03 CDS- CD CD CD CD<d CD CD CD—I O O O U-

D
at

e 

co co co CO
00 CO CO oo
CM = = = = = = = = = = = CO = = = = LO
CM CM CM CM
rH i—1 rH rHrH rH rH rH

Po
sit

io
n 

3 3 3 -— — — oo o O oO o O oo o o COCO 00 00 oO = = = = o = = = = = = = CD = — = — rHrH rH rH
3OO 00 3 —— — — oo o o oo CO CO oo o o COOJ rH rH o

C
ol

le
ct

or

CO cn o rH CM CO LO LO r^- CO CD O rH OJ CO <d- LO
co LO r- r*- r**. oo co CO CO co CO
rH rH i—i r-H i—H r-H r-H rH rH rH rH rH rH rH T-1 rH rH 1—1

co i—t rH rH rH i—H r-H rH rH rH rH rH rH rH rH 1—1 rH rH rH
=#= Q- Q_ Q_ Q_ Q_ Q- Q. CL. Q_ Q_ Q_ Q_ Q- Q_ Q_ Cl. CL. Q_
OO —1 —1 --1 —1 _J _J _J _J —1 --1 __1 _J __1 —1 _l _J —1

Cd Cd Cd Cd Cd cd Cd Cd Cd cd Cd Cd DC or Cd Cd Cd cd



56

Appendix A. Key to Bird Species Code.

2000 unid. loon (Gavia sp.)

4101 Short-tailed Albatross (Diomedea albatrus)

4108 Laysan Albatross [d. immutabilis)

4109 Waved Albatross (D_. irrorata)

4111 Black-footed Albatross (j). nigripes)

4204 Northern Fulmar (Fulmarus glacialis)

4232 Townsend's Shearwater (Puffinus auricularis)

4233 New Zealand Shearwater (P_. bulleri)

4234 Flesh-footed Shearwater (P_. carneipes)

4235 Pink-footed Shearwater (P_. creatopus)

4239 Sooty Shearwater (JP. griseus)

4244 Audubon's Shearwater (P. Iherminieri)

4245 Christmas Shearwater (_P. nativitatus)

4246 Black-vented Shearwater (P_. opisthomelas)

4247 Wedge-tailed Shearwater (_P. pacificus)

4250 Slender-billed Shearwater (P_. tenuirostris)

4253 Newell's Shearwater (_P. newel 1 i)

4254 unid. black and white shearwater (Puffinus sp.)

4255 Sooty/Slender-billed Shearwater (Puffinus griseus/tenuirostris)

4257 Cook's/Stejneger's Petrel (Pterodroma cookii/longirostris)

4258 Stejneger's/White-winged Petrel (Pterodroma longirostris/1eucoptera)

4259 Kermadec/Herald Petrel (Pterodroma neglecta/heraldica)

4260 unid. petrel (Pterodroma sp.)

4269 White-necked Petrel (Pt. externa cervicalis)

4270 Cook's Petrel (Pt. cookii)
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4271 Juan Fernandez Petrel (Pt. externa externa)

4278 White-winged Petrel (Pt. 1eucoptera)

4279 Stejneger's Petrel O^t. longirostris)

4283 Black-winged Petrel (_Pt_. nigripennis)

4285 Dark-rumped Petrel (P^t. phaeopygia)

4286 Kermadec Petrel (_Pt. neglecta)

4288 Tahiti Petrel (Pt. rostrata)

4289 Solander's Petrel (£t. solandri)

4290 Murphy's Petrel (Pt. ultima)

4292 Juan Fernandez/White-necked Petrel (Pt. externa externa/e. 
cervical is)

4293 unid. cookilaria (small Pterodroma sp.)

4294 Tahiti/Phoenix Petrel (£t. rostrata/alba)

4297 Bulwer's Petrel (Bulweria bulweri) 

4300 unid. storm-petrel (Oceanodroma sp.)

4340 White-throated Storm-petrel (Nesofregetta fulignosus)

4370 Galapagos Storm-petrel (Oceanodroma tethys)

4371 Harcourt's Storm-petrel (0. castro)

4372 Leach's Storm-petrel (JD. lencorhoa)

4377 Ashy Storm-petrel (0_. homochroa)

4381 Black Storm-petrel (JD. melania)

4390 Least Storm-petrel (Halocyptena microsoma)

4394 Leach's/Harcourt's Storm-petrel (Oceanodroma 1encorhoa/castro) 

5100 unid. tropicbird (Phaethon sp.)

5101 Red-billed Tropicbird (JPh^ aethereus)

5102 Red-tailed Tropicbird (JPh. rubricanta)

5103 White-tailed Tropicbird (PJh. lepturus)

5201 Brown Pelican (Pelecanus occidentalis)
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5300 unid. booby (Sula sp.)

5312 Masked Booby (S_. dactylatra)

5313 Red-footed Booby (S_. sula)

5314 Brown Booby (_S. lencogaster) 

5600 unid. frigatebird (Fregata sp.)

5603 Magnificent Frigatebird (F_. magnificens)

5604 Great Frigatebird (_F. minor) 

6000 unid. duck (anseriform sp.) 

7100 unid. phalarope (Phalaropus sp.)

7101 Red Phalarope (P_. fulicarius)

7103 Northern Phalarope (P_. lobatus) 

7200 unid. Skua (Catharacta sp.) 

7210 unid. jaeger (Stercorarius sp.)

7211 Pomarine Jaeger (S. pomarinus)

7212 Parasitic Jaeger (S_. parasiticus)

7214 Parasitic/Long-tailed Jaeger (_S. parasiticus/longicaudus) 

7300 unid. gull (Larus sp.)

7313 Mew Gull (L_. canus)

7314 Herring Gull (J^. argentatus)

7319 Western Gull (_L. occidentalis)

7323 Glaucous-winged Gull (L. glaucouscens)

7327 Laughing Gull (L_. atricilia)

7331 Franklin's Gull (L_. pipixcan)

7338 Bonaparte's Gull (L_. Philadelphia)

7343 Black-legged Kittiwake (Rissa tridactyl a)

7345 Swallow-tailed Gull (Creagrus furcatus)

7346 Sabine's Gull (Xema sabini)



7348 Yellow-legged Gull (Larus 

7353 Black Tern (Chlidonias niger)

7359 Common Tern (Sterna hirundo)

7360 Arctic Tern (S_. paradisaea)

7373 Sooty Tern (S_. fuscata)

7389 Brown Noddy (Anous stolidus)

7392 White Tern (Gygis alba)

7394 Common/Arctic Tern (Sterna hirundo/paradisaea 

7500 unid. alcid (alcidae sp.)

7505 Common Murre (Uria aalgae)

7525 Cassin's Auklet (Ptychoramphus aleuticus) 

7540 Rhinoceros Auklet (Cerorhinca monocerata) 

9100 non-passerine, non-seabird 

9200 unid. passerines

9500 unid. sea turtle
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Appendix B. Project Instructions NOAA Ship Discoverer Cruise No. RP-9-DI-84.
EPOCS LEGS 83-1 and 83-11

1.0 INTRODUCTION

1.1 EPOCS is a large NOAA sponsored program intended to further man's 
understanding of the role of the ocean in the world's climate. The primary 
goal of the EPOCS project is the investigation of the dominant mechanisms 
producing variations of the sea surface temperature in the equatorial region 
of the Pacific Ocean. It is believed that equatorial sea surface temperature 
variations are linked to perturbations in the midlatitude atmospheric 
pressure field and hence to weather. Ocean currents play an important role 
in determining the local temperature changes through heat advection. Because 
of this, an associated goal of the program is to study the horizontal, 
vertical and temporal variations of the currents and how these are affected 
by changes in the wind field.

1.2 Principal Investigators associated with LEGS 83-1 and 83-11 are:

Dr. E. Bernard (Pacific Marine Environmental Laboratory - PMEL: FTS 399-0199) 
Dr. C. Eriksen (Massachusetts Institute of Technology-MIT: 617-253-5738)
Dr. D. Hal pern (PMEL: FTS 399-7714)
Dr. S. Hayes (PMEL: FTS 399-4850)
Dr. R. Knox (Scripps Institution of Oceanography-SIO: 619-452-2094)
Dr. P. Niiler (SIO: 619-452-4100)
Dr. B. Taft (PMEL: FTS 399-4850)
Dr. R. Watts (University of Rhode Island-URI: 401-792-6511)
Dr. S. Reilly (SWFC: 619-453-2820)

For information concerning these project instructions, contact Dr. Hal pern.

2.0 SCHEDULE

A. LEG 83-1 (33 days)
6 Oct 83 Depart Seattle, WA 
7 Nov 83 Arrive Manzanillo, Mexico

B. LEG 83-11 (27 days)
10 Nov 83 Depart Manzanillo, Mexico 

6 Dec 83 Arrive Seattle, WA

3.0 PERSONNEL

A. LEG 83-1
Mr. Paul Freitag (M/US) Chief Scientist PMEL
Mr. Andrew Shepherd (M/US) PMEL
Mr. Scott Newell (M/US) PMEL
Mr. Douglas Fenton (M/US) SeaMarTec
Dr. Robert Knox (M/US) SIO
Mr. Rick Miller (M/US) U. Washington
Mr. Mike Stapp (,/US) PMEL
Mr. Jim Dufour (M/US) SIO
Dr. Charles Eriksen (M/US) MIT
Mr. Robert Reid (M/US) Draper Lab
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Mr. John Dolin (M/US) Draper Lab
Dr. Richard Payne (M/US) WHO I
TBA U. Miami
Ms. Germana Peggion (F/Italy) Florida State U.
Ms. Patricia Pullen (F/US) PMEL
Mr. Robert Pitman (M/US) SWFC
Mr. Larry Spears (M/US) PRBO

B. , 83- -II
Ms . Linda Mangum (F/US) Chief Scientist PMEL
Dr. Bruce Taft (M/US) PMEL
Dr. Kathleen O'Neill (F/US) PMEL
Dr. Francisco Brito (M/Chile) U. Chile
Mr. Patrick McLain (M/US) PMEL
Mr. Douglas Fenton (M/US) SeaMarTec
Mr. William Kesler (M/US) U. Washington
Mr. Dennis Holzer (M/US) PMEL
TBA URI
Ms. Rosalie Breshears (F/US) SeaMarTec
Mr. Robert Pitman (M/US) SWFC
Mr. Larry Spears (M/US) PRBO

4.0 AREA OF OPERATION

The area of operations for LEGS 83-1 and II are shown in Figures 1 and 2. 

5.0 OPERATIONS

The schedules of operations are outlined in Tables 1 and 2.

5.1 LEG 83-1

To ensure fulfillment of all scientific objectives the ship will steam at 14 
knots.

5.1.1 Moorings

Mooring diagrams are shown in Appendix A. The weight of each item stored on 
the ship will be less than 3200 pounds. Total weight of scientific equipment 
loaded in Seattle will be approximately 130,000 pounds.

(a) Recover 3 surface moorings:
0°, 140°W (T-35: Halpern)
0°, 110°W (T-34: Halpern)
0°, 108°W (T-32: Halpern)

(b) Deploy 7 surface moorings:
0°, 140°W (T-36: Halpern)
1°30'S, 140°W (Knox)
1°30'N, 140°W (Knox)
0°, 134°W (Knox)
0°, 124°W (T-37: Halpern)
0°, 110°W (T-38: Halpern)
0°, 108°W (T-39: Halpern)



(c) Deploy 1 subsurface mooring:
0°, 143°W (Eriksen); uppermost flotation is located 15-20 m below 
the surface; requires flat bottom and echo sounder accurate to ±5 ms 
travel time. Detailed bathymetric survey will be made. ATNAV 
system will be used during deployment.

(d) Deploy 3 bottom moorings:
0°, 143°W (Bernard)
1°30'S, 140°W (Bernard)
1°30'N, 140°W (Bernard)

5.1.2. Intercomparison of meteorological observations (PI: Payne)

A calibration comparison between meteorological instruments mounted on 
several of the surface moorings and instruments installed on a special 
mast mounted vertically near the bow of the ship will be made for at 
least 6-hour periods at 0°, 140°W; 1°30'N, 140°W; 1°30'S, 140°W; and,
0°, 134°W. Requires fabrication and installation of a special mast to 
locate instruments 10 m above the deck near the bow, instrument tie-in to 
the ship's navigation gyro, instrument tie-in to the Loran system, and 
mount a small antenna on the rail. Requires a sheltered area with 6-8 
feet of bench space for electronic equipment within 100 feet of the 
instrumented mast. During at-sea calibration, ship maintains station 
within 0.5 nm of the buoy.

5.1.3 XBT Measurements (PI: Halpern)

T-4 XBT measurements at 0.25° longitude will be made along the equator 
and every 0.5° from 20°N to 0° along track line. The XBT recording 
system and XBTs for LEG 83-1 will be supplied by scientific party. The 
ship's XBT recorder will be used as a backup. For each XBT cast the 
following information must be recorded on sheets provided by the scientific 
party: wind direction and speed, barometric pressure, air temperature, 
bucket temperature, intake temperature, time and position.

5.1.4 Drifting Buoys (PI: Niiler)

Drifting buoys will be deployed along the equator at approximately 115°W, 
120°W, 125°W, 130°W, 133°W, 137°W, 140°W and 143°W.

5.1.5 CTD Measurements (PI: Hayes)

CTD measurements to 1000 m will be made at 5° longitude intervals along 
the equator. At each mooring site, CTD measurements will be made to 
within 200 m of the bottom (~ 5000 m water depth). On each cast 4 to 6 
water samples will be collected using a rosette sampler for salinity, 
temperature and oxygen calibration. PMEL's (Hayes) NBIS CTD system will 
be used, with the ship's Plessey system as a backup.

5.1.6 TOPS Measurements (PI: Hayes)

TOPS measurements will be made to 1000 m at 5° longitude intervals along 
the equator. TOPS will be recovered using the ship's ZODIAC.
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5.2 LEG 83-11

5.2.1 To ensure arrival on 9 December, the ship will steam at 14 knots for a 
portion of this LEG.

5.2.2 Moorings

Mooring diagrams are shown in Appendix A. The weight of each item stored 
on the ship will be less than 3200 pounds.

Recover two surface moorings at the following locations:
0°00.7'N 95°02.6'W (T-33: Halpern)
3°37.8‘S 95°03.O'W (ATLAS 2: Hayes)

Deploy one surface mooring at the following location:
2°N 110°W (ATLAS 3: Hayes)

5.2.3 Inverted Echo Sounders (IES) (PI: Watts)

Recover two IES at the following locations:
2°51.61N 94°54.9'W 
3°30.1'S 95°01.3*W

5.2.4 Bottom Pressure Recorders (BPR) (PI: Bernard)

Recover one BPR at the following location:
2°53.61S 95°00.8'W

5.2.5 TOPS Measurements (PI: Hayes)

TOPS, a free-falling current profiler, will be used to conduct current 
profiling transects from 5°N to 3°S along 95°W and 110°W as shown in 
Figure 2. Deep tracked TOPS/CTD drops to 3000 m will be made at 5 locations 
along 95°W (3°N, 1°N, 0°, 1°S, 3°S) and at 3 locations along 110°W (2°S,
0°, 2°N). Existing ATNAV transponder nets will be occupied at these 
locations with the exception of nets at 3°N and 1°N along 95°W, where 
previous transponder failures will require the deployment and surveying 
of new nets using recoverable transponders. Relative drops to 1000 m 
will be made at 30 nmile spacing elsewhere along 95°W and 110°W; in 
addition, relative drops will be made every 5° along 0° between 95°W and 
110°W. A total of 8 tracked drops to 3000 m and 28 relative drops to 
1000 m are expected. TOPS will be recovered using the ship's ZODIAC.

5.2.6 CTD Measurements (PI: Hayes)

CTD casts will be taken every .5 from 5°N to 3°S in conjunction with TOPS 
and mooring work as shown in Figure 2. Deep CTD casts to 200 m off the 
bottom will be made at the location of transponder nets, IES sites and 
mooring sites. 500 m CTDs will be taken during relative TOPS drops. On 
each cast 4 to 6 water samples will be collected for salinity temperature 
and oxygen calibration purposes, using a rosette sampler. Approximately 
40 casts are anticipated. PMEL's NBIS CTD system will be used, with the 
ship's Plessey system as a backup.
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5.2.7 XBT Measurements (PI: Hayes)

XBTs will be taken every 30 nmiles from Manzanillo to 5°N, 95°W; from 
3.5°S,; 95°W to 2.5°S, 110°W; and from 5°N, 110°W to 15°N on transect to 
San Diego. The XBT data are to be recorded by the ship's Data Acquisition 
System in analog and digital format. For each XBT cast, the sea, wind, 
and swell conditions will be recorded along with time, latitude and 
longitude. In addition, surface bucket temperatures and salinity samples 
will be made at the time of each measurement. XBTs for LEG 83-11 will be 
supplied by the ship.

5.3 LEGS 83-1 and 83-11

5.3.1 Continuous Sea Surface Temperature Recordings

Sea surface temperatures will be recorded continuously. The recorder 
shall be annotated each hour by the date/time group and the most recent 
bucket temperature.

5.3.2 Activities near moorings

XBTs, CTDs and recreational fishing will be conducted at least one nautical 
mile from a surface mooring.

5.3.3 ATS Radio Equipment

The ATS radio equipment will be installed aboard the ship and will be 
available to the Chief Scientist for daily communication to PMEL.

5.3.4 Doppler Current Profiles (PI: Taft)

The Ametek-Straza doppler current profiler system will be operated during 
LEGS 83-1 and 83-11. The scientific party will be responsible for data 
acquisition.

6.0 EQUIPMENT

6.1 All equipment and instrumentation will be provided by the project except 
as noted in 6.2.

6.2 The ship will provide:

a) XBT launcher and 750 m recorder
b) 200 XBT T-4 probes
c) Hydrowinch with slip rings
d) Conductor cable for NBIS CTD
e) Niskin bottles
f) Rosette sampler with calibrated thermometers
g) Copenhagen standard water
h) Recently calibrated CTD system with 1500 m and 6000 m sensors
i) Recently calibrated reversing thermometers
j) Navigation equipment including satellite and Omega systems
k) OAR VHF synthesized RDF receiver
l) Recently calibrated salinometer



7.0 MISCELLANEOUS

7.1 Modification of details in these instructions may be made in the field as 
appropriate by the Chief Scientist with the concurrence of the Commanding 
Officer.

7.2 Any other oceanographic work done during this project will be accomplished 
with the concurrence of the Chief Scientist and on a not to interfere 
basis with the programs described in these instructions.

7.3 The Chief Scientist shall furnish the ship an inventory of all data 
gathered by visiting scientists showing the type of and quantity of such 
data. A copy of the inventory shall be forwarded to the Chief, Data 
Control branch (N/CG243).

7.4 The Director, PMEL will be responsible for the release of any data to 
those requesting it. Upon his request, the ship shall furnish copies of 
any data gathered to any other scientist aboard if these copies can be 
made conveniently. The Chief Scientist, for the Director, PMEL, is 
responsible for the final disposition of data OSS Sheets and DR Abstracts 
will be copied for the Marine Chart Division prior to their release to 
the laboratories. The Chief Scientist shall submit a ROSCOP II form 
within 30 days through the EDIS Liaison Officer. In addition, a letter 
transmitting field records shall be prepared by the ship and receipted by 
the Chief Scientist. A copy of the receipt transmittal shall be forwarded 
to the Chief, Data Control Branch (N/CG243).

7.5 A progress sketch shall be submitted on an appropriate scale. Report 
accomplishments on NOAA Form 12-8b under Work Identification Code 0133053 
(Ocean Investigations).

7.6 Primary navigation will be provided by the Satellite-Omega navigator.

7.7 All observations and fixes shall be identified by a date-time group. In 
addition, XBT, CTD and current profiles shall each be given a number, 
starting at one, and numbered consecutively throughout the cruises.

7.8 On this project there is no requirement for standard soundings. However, 
the EDO unit will be used extensively during mooring and acoustic dropsonde 
operations.

7.9 Ancillary projects may be conducted on a not to interfere basis in accordance 
with PMC OpOrder.

7.10 Synoptic weather reports using NOAA Forms 72-1 and 72-4 will be made 
every six hours in accordance with NOAA guidelines and PMC OpOrder.

7.11 All XBT data should be transmitted in concurrence with PMC OpOrder - 
Integrated Global Ocean Station System (IG0SS), Bathythermograph.

7.12 Some scientific equipment is sensitive to radio frequency interference.
If interference with this or other equipment occurs, it may be necessary 
for the Chief Scientist and Commanding Officer to adjust operations and 
transmission times or take other steps to electronically isolate the 
equipment.



7.13 All scuba diving, if conducted, shall be in conformance with NOAA, NOS, 
and PMC Directives.

7.14 In compliance with NOAA Directive 17-17, a cruise report will be prepared 
by the Chief Scientist and Commanding Officer and submitted to N/M011 
within 30 days following the end of the cruise.

7.15 Receipt of these instructions shall be acknowledged.
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Table 1. Schedule, LEG 83-1 (Seattle - Manzanillo). Transit speed is 14 knots.
6 October Depart Seattle

Transit to 0°, 150°W Arrive at 0°, 150°W

7 November

CTD/TOPS Station at 0°, 150°W (4 hours)
Transit along equator to 0°, 145°W (XBT casts)
CTD/TOPS Station at 0°, 145°W (4 hours)
Transit along equator to 0°, 143°W (XBT casts)
Deploy 2 moorings at 0°, 143°W (24 hours)
Deploy drifter buoy at 0°, 143°W
Transit along equator to 0°, 140°W (XBT casts)
Recover mooring at 0°, 140°W (8 hours)
Deploy mooring at 0°, 140°W (12 hours)
CTD/TOPS Station at 0°, 140°W (4 hours)
Intercomparison of wind sensors (6 hours)Deploy drifter buoy at 0°, 140°W 
Transit to lo30'N, 140°W (XBT casts)
Deploy 2 moorings at 1°30'N, 140°W (24 hours)
Intercomparison of meteorological sensors (6 hours)Transit to lo30'S, 140°W (XBT casts)
Deploy 2 moorings at 1°30‘S, 140°W (24 hours)
Intercomparison of meteorological sensors (6 hours)Transit to 0°, 139°W
Transit along equator to 0°, 137°W (XBT casts)
Deploy drifter buoy at 0°, 137°W (1 hour)
Transit along equtor to 0°, 134°W (XBT casts)
CTD/TOPS Station at 0°, 134°W (4 hours)
Deploy mooring at 0°, 134°W (20 hours)
Intercomparison of meteorological sensors (6 hours)
Transit along equator to 0°, 133°W 
Deploy drifter buoy at 0°, 133°W (1 hour)
Transit along equator to 0°, 130°W (XBT casts)
CTD/TOPS Station at 0°, 130°W (4 hours)
Deploy drifter buoy at 0°, 130°W 
Transit along equator to 0°, 125°W (XBT casts)
CTD/TOPS Station at 0°, 125°W (4 hours)
Deploy drifter buoy at 0°, 125°W 
Transit along equator to 0°, 124°W (XBT casts)
Deploy mooring at 0°, 124°W (20 hours)
Transit along equator to 0°, 120°W 
CTD/TOPS Station at 0°, 120°W (4 hours)
Deploy drifter buoy at 0°, 120°W 
Transit along equator to 0°, 115°W (XBT casts)
CTD/TOPS Station at 0°, 115°W (4 hours)
Deploy drifter buoy at 0°, 115°W 
Transit along equator to 0°, 110°W (XBT casts)
CTD/TOPS Station at 0°, 110°W (4 hours)
Recover mooring at 0°, 110°W (6 hours)
Deploy mooring at 0°, 110°W (6 hours)
Transit along equator to 0°, 108°W (XBT casts)
Recover mooring at 0°, 108°W (6 hours)
Deploy mooring at 0°, 108°W (6 hours)
Transit to Manzanillo, Mexico 
Arrive Manzanillo



68

Table 2. Schedule, LEG 83-11 (Manzanillo - Seattle). Transit speeds are 
14 knots when appropriate; otherwise 12 knots.

10 November Depart Manzanillo
Transit to 5°N, 95°W
CTD/TOPS section and moorings along 95°W

12 stations @ 2 hours (24 hours)
5 stations @ 4 hours (20 hours)
Deploy transponder nets at 3°N, 1°N (12 hours)
Recover IES at 3°N, 95°W and 3.5°S, 95°W (6 hours) 
Recover surface mooring T-33 at 0°, 95°W (8 hours) 
Recover BPR at 2.9°S, 95°W (3 hours)
Recover surface mooring ATLAS-2 at 3.6°S, 95°W (6 hours) 

Transit from 3.6°S, 95°W to 0°, 100°W 
CTD/TOPS station at 0°, 100°W (2 hours)
Transit along equator to 0°, 105°W 
CTD/TOPS station at 0°, 105°W (2 hours)
Transit to 2.5°S, 110°W
CTD/TOPS section and moorings along 110°W

13 stations @ 2 hours (26 hours)
3 stations @ 4 hours (12 hours)
Deploy ATLAS-3 surface mooring at 2°N, 110°W (8 hours) 

Transit from 5°N, 110°W to Seattle 
6 December Arrive Seattle
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