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Abstract

A quantitative assessment of ‘the biological resoﬁfces of Fagatele Bay
National Marine Sanctuary,vAmeri;An‘Saﬁoa, w#s uﬁdertakén in’order to provide
a baseline against whic¢h changes in time coﬁld be exanined rigorously.  Six
permanent transects were estéblished, each'rﬁnning from the .reef margiﬁ to é
depth of 12 m. Data were takenv on; 30-m transects running out from the
permanent transects along isﬁbaths on the réef platforﬁ\aﬁd at depths of 3, 5,
9,‘and 12 m. Algae, corals, maérqinvertebrates and fisﬁes Qefe all éurveyed.

Algae occupiedrabout‘78Z of the substrate and hermatypic corals occupied about

© 12.6% in April 1985. Although corals were still showing the effects of the

predation by Acanthaster plancivin 1979 and occupied a small proportion of the
substrate, 116 species were still present in Fagatele Bay. There are nearly
twice the number of hermatypic toral species in Fagatele Bay as there are in

the entire Atlantic, from Africa to Mexico. An average of 7.8 colonies per m2

\were found. The Acanthaster planci pqpulatidn greatly reduced the.éubstrate
surface cover by corals in 1979, buf moét species survived at least as tiny
living remnants. Recruitﬁent is ocCurfing and corals;are‘common, althoﬁgh
small. As these new recruits grow, the coral community is expected to‘recover
to its former (before the A. planci outbreak) abundance in a few more years..

0f a total of 96 species of gastropods collécted at’ 11 sites around
Tutuila, 75 species, or 78% of the total were found in Fagatele Bay. A total

- of 215 specieé of fish was observed in Fagatele Bay in April 1985, Of

particular note was that not a single holotﬁﬁroid was obéerved in Fagatele Bay

during our study.

%



A secdnd‘obje;tivé‘ofithis study was to determine the rate of recovery of

coral communities around Tutuila following the outbreak of Acanthaster planci

in 1978-1979. Twelve sites around Tutuila were surveyed both along the reef
margin as wéil as at 6 m depth. I; was found that corals had iﬁcreased in
aBundance at ail‘sites except for the shallow portions of reefs between Sita
Bay and Fégas# Bay and at the deeper portions of réefs near the Rainmaker

Hécél and at Fatu Rock.
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INTRODUCTION

;

Fagatele Bay, on the sbuéhVeSt sectof of Tutuila, American Samoé (Figs.
| 1,2), is an ecologically rich and pristine pocket of coastline formed by the
. crater qf an extinct volcano which has onedwall‘open\to the sea. The portion '
' of ‘the crater submerged in seawater is dominated by a coral reef ecosystem
with a terraced structure typidal of iélands of volcanic origin. Beaches of
] predominantly calcareous sénd extend foshp;e for 5 to 10~metérs where they
merge with the réef piatform‘oﬁ liﬁestone'and encrusting ;oralline algae. The
reef platform, at é.depth of aboﬁt 0.6 m, extends about 607me£érs offshore to
the reef front. The reef ‘front drops abruptlyr to 2 or 3 m depth, then
‘ graaually slopes offshore to abouﬁ,S to 7 m depth'(Fig. 3). The reef front
slope gontains large phbtogenic coral mounds and pinnacles up‘to 5 m tall.
The tbpographic_réiief of the reef front slope is a major aspect of the scenic
beauty of the bay for shorkelers.' Fagaﬁele Bay encompasses 163 acres (0.65
kn®)

A vertical wall fOrﬁed ﬁy ’Matautuloa‘ Ridge exqends between Fagatele
Crater and Steps Poin£, southéast‘of Fagétele Bay. This area outside the
crater is more difficult for_sﬁorkeling and less rich 1in corais, but the large
“pdpulations of piaﬁktivordus and pelagic fishes are spéctacular.

'1 The vertical cliffs of Fagatele Crater and Mgtautuloa Ridge have

gen%rally discouraged access to the area, so both the terrestrial and marine-
. faunas have been relatively protected up until the present.“A thick stand of

undisturbed vegetétibn grows on the wails of the crater around the bay. A

variety of seabirds nest and forage for food in the bay. The endemic flying

fox or fruit bat (Pterqus samoensis) roosts in abundance on the northern rim

!



Aerial views of FaggtelevBay National Marine Sanctuary: a) of the
north, b) of the south. - Note that the three sections of the reef

platform separated by dashed lines in Fig. 3 are clearly visible in
the upper photograph.
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[ . , FAGATELE CRATER

SEUMALO RIDGE

A\t\ //b

Wragateie Point | ),

DN ; , ‘ S MATAUTULOA RIDGE
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| ' depressions in reef st - ' : A
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sand hesch : N
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Fig 3. Locatlons of the permanent Transects 1-6 (T T , solid lines) in
» Fagatele Bay National Marine Sanctuary and %he 30-m survey transects
(dotted lines). The boundaries of A= the intertidal reef platform -
veneered with loose rubble, B- the subtidal reef platform with

abundant corals, and C- the intertidal volcanic bench are indicated
by dashed lines. '
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of the bay. ' Endangered spec1es of sea turtles (5 species) have been seen in
or near Fagatele Bay.

The biological, geological physical oceanographic,Vclimatic,‘and human
Sociological, economic and legal aspects of Fagatele Bay have all been
‘reviewed in the Final Environmental Impact Statement‘and‘Management Plan for
- the Proposed fagatele Bay National Marine Sanctuary (FEIS/MP 1984). These
freviews will not be repeated here.

Likewise, the history of events 1eadiné’up to the‘designation of Fagatele »
Bay as aiNational Marine Sanctuary on 29hApril 1§85; the/Management Plan for
- the Sanctuary, and the benefits and consequences of the designation of
‘Fagatele Bay as a National Marine Sanctuary are presented in FEIS/MP (1984).
The.FEIS/MP (1984) was prepared by the Sanctuary,Prograns Division, National
 Oceanic and Atmospheric Administration (NOAA), U.S. Department of Commerce, in
cooperation with the Development Planniné Office, Government of American
Samoa. | |

The  FEIS/MP (1984) identified the need ffor a thor0ugh scientific
: documentation and mapping of the biological resources and habitats of Fagatele
Bay as the most important step in the process yet - to be undertaken and
accomplished. This responsibility was assigned to the University of Guam
Marine Laboratory, working with the cooperation of the Office of Marine
Resources; Governnent of American Samoa. The funding of this project was by
:’NOAA (1/35 and byithe Government of American Samoa}(2/3).

. The scientific docunentation of biological resources 1s one of the
aspects of the Resource Studies Plan as outlined in the‘FEIS/MP (1954) and . is
: particularly germane to two ofrthe main goals of the management plan (FEIS/MP

1984:4-5):



" Goa1>2; Expand public awareness and und;rstanding of marine -
environmenté.fo;nd in the warm waters of the Pacific
.Oce;n,>and thereﬁy foster a marine conservation ethic;
Goal 3: Expand écientific understanding of marine eéosystems
foﬁnd in the warm waters qf‘the Pacific Oceaﬁ, especially -
coral reefs that have been infested by fhe croWn—of-
thorns starfish, gnd apply scientific knowlédge to the
‘deVelopmént of improved resource management techniques."
. A particular value of marine sénctuaries is in their status as surveyed
and monitored regions of controlled utiliz#tion.' Most ecolqgicél studies in
tropical:regions héve been done on expeditiohs on which there was a tacit
assumption that conditioné woﬁld be the same as during the study bo;h before
and after thé expedition. This has automatically led to a conclusion that
tropical ecosystems are more stable than comparable ecosystems in témperate
regions (which biOlogists study over longer periods’and ﬁo which they return
‘and observe changes having occurred). This conclusion appeafs to be false
(Birkelaﬁd 1983).1 As the firsf U.S. National Marine Sanctuary in a truly
tropicai 'region,‘ and as a naturally protected, relatively ﬁristine area,
dominatéd subtidally by a rich coral reef habitat, Fagatele Béy provides an
excelleﬁt opportunity fo monitor natural temporal variability in a diverse

tropical marine ecosystem. In particular, since Fagatele Bay was gréﬁtly

affected by an Acanthaster planci (crown-of-thorns starfish) outbreak in 1979,
fhe sit@ation ptovides the opportunity ‘to monitor the recovery of the system

following the depredation by A. planci.



Adding to these opportune circumstances is the factkthat Birkeland and
‘Randall\ had preViously acquired quantitative ,assessments of the coral'
communities at a dozen sites around Tutuiia. Likewise, Wass had acquired<
‘quantitative assessments of flSh populations at several sites around Tutuila.
| Therefore, the main objectlves of this project were in two/parts. The
ifirst, and most important, objective -was to conduct a thorough scientific
 documentation and mapping of the biological resources and. habitats of Fagatele
Bay in order to set the. baseline for future studies against which changes
through time could be compared. A secondary set of objectives was to resurvey
‘a‘ dozen areas previously surveyed around Tutuila in ’order to assess
iquantitatively the rate of recover& -of coral reef communities following
derastation by outbreaks of A. planci,
Specifically,,the objectives of this,study given in a Statenent'of’work’
were:. | | |
1. to complete a‘quantitatiVe survey of coral, fish; algae, and
invertebrates in Fagatele Baf and to develop a species list for each
phyletic categorj;
2. to establish permanent reference markers for transects;
3. to map the entire bay in terms of habitat, predominant c6ral species,
and topological physical environmental featuresﬁ
4, to obtain, preserve, iabe1,~and organize a reference collection of
voucher specinens;tand |
5. ‘to repeat'surVeys of corals and fishes along selected transects
) outside Fagatele Bay which were surveyed previously to document

changes in coral and fish populations following the outbreak of

Acanthaster planci in 1977-78.



" Relation of this Project to Previous Studies

v

Tutuil# has beén the'site for important sﬁudies of fishes‘(Jordan/and
Séals 1906), scieractiniap coréis. (Mayor 1920, 1924); alcyonaceaﬁs (Cary
1931), and algae (Dahi 1972). Although numerous surveys have been mﬁde of the
\marineuhabitats of Tutuila (USACHEb 1980; Randall and De#ane&il974; Helfrich
1975; Dah1:1971), only two have specifically dealt with Fagatele Bay (Wass
19783;‘USACHED 1980:197-200). The project that we report on here is the first
‘quantitativg Sufvey of the marine fauna and flora of\Faga;eIe Bay. |

Tutuila  has been surveyed several times for crown-of-thorns starfish

Acanthaster Elanci*populations. é,‘glanci is generally scarce around Tutuila
(Weber and Woodhead 1970; Vine 1970; Devaney and R;ndall 1973), but major
outbreaks have occurred at about 1938 (Birkeland 1981; Flanigan and Lamberts
1981) and in laté 1978 (Wass 1978b; Birkeland and Randall 1979; Birkeland
1982). Three 9f us (Qirkeland, Randall, and Wass)’spent a day in'April 1979
investigating‘Fagatele Bay during which time a large pdpulatiOn of A. planci
was in the p;dcess of éating mdst of the corals iﬁ the bay. Birkeland and
Randﬁli returned ﬁo‘ Tutuila in 1982 and oB;ained quantitative data on the
abundances and size distributions of corals at 12 sites around Tutuiia. Dick
Wass, dufing his tenure at the Division of Marine Resources of the Government
of American Samoa, also obtained data on the abundances of fishes from about
60 transectsyarouni‘Tutuila. In the FEIS/MP’(1984:C;7),Ait’was stated that
the coral cover in Fagatele Bay was'estimated to be mnearly 100% before the
crown-of-thorns starfish’infestation, but cor#l cover was reduced to ;bout lQZ
after the 1n£estat16n. We believe that our quantit‘ative‘ assessments of the
coral and fish communities‘invFagatele Bay and at other sites around Tutuila

for which quantitative déta are ayailable from a previous visit will be of



particular valﬁé in provi&ing é sound basis for estimating rates of recovery
of coral and fish populations. As discussed on page C-7 of the FEIS/MP
(1984), this 'quantitative information was lacking but ‘would be most important
for gaining an understanding éf the ecosysfem, hdwkéuickly\and how completély
it is able to réco{rer ‘fro’m devastatioﬁk by factérs, such as A, planci
populations, and whethe;' it will be again as highly producfiire a‘ habitat as it

was before.



METHODS

t

Tﬁe third specific goal enumerated in ﬁhe Stateﬁent of Work for this
project was for us to provide a detailed describtibn of.SurVey techniques that
. can be ‘used to monitor changes in species abundancé and composition with time.
Indeed, the baseliﬁe survey itself is to provide the initial data set to which
future replicates can be statisticaily compared. Because it ;s important that
the same methods are used, we are providing a description and~diécussion of

methods in more detail than isyusually given.

Location of Transecté

In order to provide the means by which our:Surve§s could be related to
maps of Fagatele‘Bay and in order to enable the Sanctuary Manager or others to
repeat our surveys 'so that changes could be monitored through time, our
studies, were conducted in Fagatele Bay in terms of orientation to permanent\
transect markers.k These pe;maneﬁt markers are large, galvanized, 3/4-inch
(1.9 cm) di#mete: spikes. They were dri&en'into the substrate'wiﬁh‘a 10-pound
(4.5 kg) sledge hammer. Six.pérmanént transects were éstablished (Fig. 3),
ﬁith ‘Transects 1-5 each marked with three permanent markers, one at the
beginning of the transect at the séaward edge of the reef flat of on an
offshore moundrﬁhere the reef front begins, a second at roughly the halfway
mafk at 20 ft (6.1 m) and the third at the end of the ;ranséct at 40 ft (12.2
m). Transéct 6 had oﬁly two markers, one at 25 ft (7.6 m) and the other at

40 £t (12.2 m).

Dépth profiléé were taken along each of the 6 permanent transects with
distance measured albng a tape and depth measured with a depth guage. The
gen;rél descriptions of the‘feef along the permanent transects are given in

the Physiographic Description of the Marine Habitats section of this report
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(pages 24-34). ‘Lines of any material,are either large enough to uproot - the
permanent markers‘or~e1se\they are small enoughwto'deteriorate or be broben.
If left permanently in place lines could damage or otherwise affect the
benthic community below. Therefore, only the markers, not the lines, can be
permanently’infplace. A line should be strung between the permanent markers
along a transect for orientation whenever a new Survey will be undertaken.
The permanent transects run roughly .perpendicular to the shoreline, across
depth cones. The information from these'transects was used in measuring the
depth gradient across_the reef and relating the scale of our maps to the
patterns from aerial photographs of the bay.

Actual duantitative‘lsampling was: done along 30-m replicate transects
within each zone, generally perpendicular to the transect lines‘and‘roughly
parallel to shoret(Fig. 3). This‘is a stratified random sampling program.
Replicate transects within zones are necessary for statistical analysis and
for the calculation of confidence limits .on abundance estimates. To cross
several zones along s depth ’gradient within a sample adds a tremendous
variance within each sample and prohibits a _comparison between ‘zones
Transect lines running across zones are attractive -and perhaps prov1de clearer
"“informatiOn for descriptive purposes, but the resulting data are difficult to
analyze statistically because several zones would be represented by a single
statistic. To make quantitative statements about the results of a survey
across zones of a coral reef system, it is best.to’take replicate transects
and replicate counts within transects-as‘stratified random samples within

zones or depth contours. This allows discrete estimates of variance between

zones with/comparable replicate transects of equal length.
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IA stratified _random sampling ﬁrogfam is used when the total  area or.
populgfion being ﬁtpdied is divided into several well défined, relatively‘
hoﬁogeneous subareas or subpopulations, each of which is sampled randomly.
IWhen an entire study area is saﬁpled randomly, nearly all of the samples might
fall within one of the subareas and the other'subareas would be inadeéuately
.represented. 1BéCAuse of this, the more efficient methods of stratified'random
sampling aréyalways'freferable“to simple randoﬁ sampling (Hasel 1938; Osborn
1942 Madoﬁ 1946, Y&;es 1946,(1948,.1953} Finney 1948a,b; Bordeau i953; Milne
1959; Cochran 1963; Greig-Smith 1964} Elliott 1971).

In order to facilitate locatiﬁg the transect markers (Fig. 3), buoys were:
httaéhed'to the initial and final permanent markers on each trénseét; weré
lined up, visuélly from a small boat, and the point on the’shoreline which was
interse;ted by tﬁe line‘between the ﬁyo buoys wﬁs‘noted and illustrated in
Fig.»4. A handfbearing compass was used to take a reading from a sﬁall‘boat
 acrdss the)two budyé to the ﬁoint on‘the shoreline for transects 1-5. The
coﬁpass reading is gi;én in the éapﬁion‘fof Figure 4. |

Tfansects at locations outside Faga;eie Bay and ﬁwo 100-m fish transects
in Fagatéie Bay‘which were survgyéd on previous years were laid along the
bottom and located at the sites of previous surveys‘by memory éf the previous
investigators. We expéct that éhly those transects within the Fagatele Bay
_Ma‘rine‘ Sanctuary will be’ ﬁoni;ored by others. However, if one wishe.s{lto
replicaté the transects at the other éites around Tutuila, he may write to
Birkeland or Randall (for corals) or Waés (for £fishes) for detailéd

instructions.

Algae (and substrate coverage)
Marine plants and substrate coverage were quantifiédkby a point-quadrat

method along the 30-m transects roughly parallel to the shoreline at afseries
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of depths (Fig. 3) Nondiscrete patches of surface occupied by algal turf, -
crustose coralline algae, filmy encrusting sponges, etc., are difficult to

‘measure by dimensions and so these subjects Are surveyed more appropriately by

the point-quadrat method. This method consists of tallying organisms undetn
. the points of intersection' of strings tied across e l/l6—m2 (25 x 25 cm)

ouadrat. Four strings tied ﬂfrom each side of the qusdret gives 16 inter-

secting points for eechyquadrat. Whetever algal species occurred under each
point was recorded. In the rare case in which the.point falls on two leye:s

of algae, tbe base alga is scored as occupying the Suostrate and the overlying

‘elga is recorded as present; In the frequent case in which the identification

to species is impossible in the field, the specimen was collected and placed\
’in‘ its own sepapete plastic bag with a label indicating which datum it‘
' represented. Identification was made later with a microscope.; This frequent
collection for identification was time consuming and cut down on the number of
data we had time to collect. If no alga was found under the point, then
‘whatever was present, e.g., send, dead 'coral, rubble, or 1live coral, was
recorded.

The quadrat was tossed randomly at 5-m intervals along the length of the
transect,- Therefore, data were collected from 6 quadrats, or at 96 p01nts,'
along each transect. ("Haphazard" is actually the proper word to use here..
"Randomﬁ in biometrics refers to a more rigorous placement by use of numbers
obtained from a random—number table. We are using "random'" in in this report
~ in the vernacular sense of tossing without consciously aiming it. To lay out a
grid-work in ‘the bay to operate from a random number table and for each of us
to work at independent locations around the bay simultaneously was unfeasible

logistically in consideration of constraints by time and water turbulence.)
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Each of these‘traﬁsects originéted at points along thekperﬁanent transect
lines at depths of either 10, 15, 30, or 40 feet' (3.0, 4.6, 9.1 or 12.2 m).
Permanent Itansects 2,;3,’and 4 gccommodated 4 perpendicular trénsects‘at 10,
15, 30, and 40 feet. Permaﬁent Transeéts’l and 5 accommodated transects at
depths of 15, 30, and 40 feet, while T:anse§t 6 had only transects at‘dépths
of 20 and 40 ft. |

Percent cover forygach\franse§ﬁ‘was calcﬁlated by taking the number of
points occuppied by a particular categori divided by the 'total‘ number of
poiﬁts per transect. Frequency of occurrence was caigulated by taking the
number of quadrat tosses in which a benthic constituent dccurfed, divided by
the number of tosses ‘perk transect. Both Eover and frequency values were
converted to percent by multiplying by 100. Other algal’speciés also seen
along the transects were recorded as observed.

In_a&dition, twelye 30-m transects were survgyed at a depth éf 20 feec'

(6.1 m) at the sites around Tutuila which were surveyed in preQious years for

coral cover. The same methods were éppliéd as described above.

Corals
For sessile benthicrofganisms tha£~are found és discrete colonies.bf
individuals, the point-quarter technique haskBeen found to be most efficieht.
fhis method was presénted by Cottam et‘al} (1953) and Cox (1972) and’itsruse
in cofal reef/research has been reviewed by Loya (1978).
The basid concept of the point-quarter method is' that the. aﬁgrage
abundance of coral épecies orr other species °f, sessile organisms can bé
measured by the average distances from random poinﬁs to the ceﬂter of.colonies

or individuals. The shorter the average distance from a random point to the

knéarest colony, the more colonies there must be per unit area. When the

15



average distance is squared -an average square area occupied by omne indivxdual-
or colony is obtained. If the average occupied area is divided into the unit
area, the abundance or density or nuﬁber of individuals per unit area will be-
obtained. The average surface coverage for each species can then be obtained
‘by multiplying the average surface area of colonies of each species,times
their average abundances. |
The random points from which measurements are made can be obtained by
1aying a transect, by randomly tossing an object with right angles in its
structure, or by a combination of both by tossing an object at points' along
a transect. Four measurements must be made from each random point, one and
on19 one in each quadrant. The'four quadrants can be visualized as marked‘by
the transect line and an imaginary line running perpendicular to the transect
line through the point (Fig. 5a), one line running’aiong the handle of the
harnmer and another berpendicular ‘to the handle through the head’ with the
imaginary point from which measurements are made being the intersection of the
handle with the head (Fig. 5b), or‘imaginary lines at right angles to each
_other as determined by any other object‘being tossed at random,‘e.g., a dive~
knife (Fig. 5¢). | \
. The first measurement to be pade in each quadrant -is the distance from
the sampie point to the center of the nearest colony or to the  center the
nearest item being sampled (Fig. 5). The next two measurements are the length
(or longest dimensiou) and the width (or 1ongest dimension at right angles to
the width). Data should be recorded in the field in an organized manner for
ease in later computations (Table 1).
The ‘area of each colony is estimated by multiplying the length times the

- width and taking the square root (the geometric mean diameter). The’ mean

16



’A

Fng 5. An illustration of the point-quarter sampling technique as described
and explained in the text.

indicates imaginary lines

indicates
direction of measurements for distances between the random point and
the center of the nearest coral colony in each quadrant;
3\
P S

coral colony.

—={indicates length or width measuremehts of the
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Table 1. An example‘OE an efficient format for recording field data from the.
point-quarter method. The areas wouldjbe calculated later, but a column is
- included on the same paper for efficiency. The ?eans of each four disfances

and areas taken from the same point could be calculated separately for an

-additional level in nested analysis of variance.

Date:
Location:
Zone:

_Distance (Length x width) Species Area
-~ - (4 measurements ( X )
~ from first’ ( x )
- point) o x )
- ( x )
- (4 measurements ( X )
- from second ( x )
- point) ( X )
- ( X )
- ( X )
etc . etc

18



diameter is then divided by 2 to obtain the radius which is squared and
multiplied by T to obtain an estimate of- the area, i.e., "(?i:gf%f ; A.

If the colony is not roughly c1rcu1ar’ but inste:d is ‘somewhat
. rectangular, triangular,~"L"-shaped, or of some other configuration, the area
may be estimatedﬁhowever tneropserver believes is best without spending too
much time (Fig. 65, i.e.,;when tne error in precision of areafestimation is
more. than compensated by the number of data that there is time to collect. If
one Sspends too much time increasing the. precision .of measurements or an
rindividual coral, the accuracy: of 'conclusions are lost in the fewer
measurements taken'uhen the variance between the size oftcolonies is large
compared to the error variance of each meaSurement;

It.is important to remember to measure to the nearest colony center. The
bordersrof some colonies_may be nearer than the centers,of other colonies, but
- you should be measure to the’nearest'center'(ﬁig. 7).

'The formulas for computations are:

density (abundance) . unit area
of all species

(mean distance)2

relative density . humber of a particular species measured

(abundance) of a total number of individuals measured
particular species ‘ N

density (abundance) - (density of x (relative density)
of a particular ‘ all species) . ‘
species ; .
percent cover of all - (average areal size «x ' (density of
. species of all species) * all species) .
percent cover of a - (average areal size x (density of a
particular ‘species of a particular particular-

species) species)

‘relative percent cover  _ percent cover of a particular sBecies

of a particular * percent cover of all species
species : ’ ' ’

relative frequency + relative density
+ relative percent cover

importance value
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(The ﬁimportance value" is a compound index and therefore has little.
statistical validity or stréngth and the terﬁinology tempts qs into subjective
;onélusions or interpretations; .However, the original presentations of this
method [Cottam et al. 1953; Cottam and Curtis 1956; Cox 197zj provide formulas:
for calculating indices of "{mportant valug",fand‘the descriptions of the reef

communities are tfaditionally organized around this index. A compqund‘index

mﬁkes just as good a format fo? description as~doesktaxonomic ordgr or any of
the three component§ of the "imporfance value” alone, so we will maintain the
tradiﬁioﬁ‘here.) |

An advantage’of the poiqt-quarter method over the transect methods is
‘that it provides data on sizé distributidns of each species in terms of area.
’Size distribution data provide insight into the nature of the population
'&ynamiés of each species. Also, if colonies are widely spaced, the

point-quarter method allows omne to precisely measure the &istgnce to the
nearest colony in each quadrant, no ;htter how far. The transect method mighg
’only allow one to accumulate zeroes. If only zeroes are accumulated wi;h
transects, we might have no idea 6f the érder of magnitude of the scarcityyéf‘
a species.

If the'subject Being sampléd is not found in a quadrant, there are
,.‘methods fo: taking zerb-quadrants into account (Warde ;hd Petranké 1981), but
it 1is bette: to atfenpt to find a coral in each quadrant no matter how far you

have to search.
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Fig. 6. Areal sizes of coral colonies should be estimated by as efficient an

approximation as possible. The great range in sizes of coral
colonies determines that the number of colonies measured is more
important than the prec131on of the meaSurements.

Si

Fig. 7. Measurements should be to the nearest colony center rather than to
the nearest colony edge.

&
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(The "importénce value" 1is 5 compound index and therefore'has'litéle
- statistical validity of strength and the terminology tempts us intd subjectivé
conclusions or‘iﬁterpretations. However, the original presentations of this
method [Cottam et al. 1953; Cottamkand Curtis 1956; C§x~1972] provide formuias
:for'cglculating indices of "important value", and the descriptions of the reef
communities a;entraditionélly organized around this indei. A cOmpound index
makes just as good a format for descripgion as does taxonomic order or any of
the three components of the'"impoftance’vaiue" a1one, so we will maintain the

tradition here.)

| 'An‘advantage of the point-quarter method over the transect methods is
that it provides data on size‘distributions of each species in terms of  area.
Size distribution data. provide insight into the naﬁure of the population
;dynamidé of ,eaéh‘ spécies. Also, if cqlonieé ‘are widely ssaced, the
-point-quarter method allows ‘one to \précisely ’mea;ure the distance to the
nearest colony in each quadfanﬁ, no matter how far. The transect method might
only allow one to accumulate zerbés. If only zeroes are accumulated with -
' transects, we might have no idea of the order of mégnitude 6f the scarcity of

a speéieé. ) |
-If the subject beiﬁg sampled is.ndt found in_a quadrant,’there'are
methods fpf taking zero-quadrants inﬁo'account (Warde and Petranka 1981), but
it is better to attempt to find a coral in each quadrapt no matter how far you

have to search.

Macroinvertebrates -
Macroinvertebrates other than corals were censused by either of two
methods. The line transect method was used in all but two cases. A 30-m

transect line was plaéed along 10-, 15-, 30-, and 40-ft isobaths and

approximateiy parallel to shore. Macroinvertebrates occurring within 1 m on
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"both sides of the transect line were identified and recorded élong' 5-m .

intervals of the line. 6 Therefore, each transect consisted of 6 quadrats, each

covering an area of 10.m2.

The smail,‘infaunal’echinoid Echinostrephus sp. was too numerous to count -

bx the line transect method in the shallow areas of Transects 1 and 6. In

these .areas, Echinqstrephuskwas sampled with a i/16-m2 quadrat. The quadrat

 was thrown randomly twicg at 5-m intervals and within 1l m of the transect

line, y;eldihg 14 sampleé from which popﬁigfion densitiéé were estimated.
Areas adjacent to transects were examined for mécroinvertebrates not

quantified by the transects. A rgéord of these speCi;s was maintained to

compile a faunal list for the bay.

‘Fishes _

Two ‘transect  lengths ’and layouts wefe‘ used. ' The Fagatele Bay fish
transects ‘were conduc;ed in ‘conjunct’:‘ion ‘~wit‘:hv ;f:rénsec;ts and inventéries kof
coréls,,macroinve:tebratesvand algae; kAll of‘the studies were designed for
fufure repetition and»ﬁere oriented along six transects laid approximately
perpendicuiar to the shoreline ﬁnd\ crossing 511 major - inshore habi;ats.
‘The trénsects were conducted along a 3Q-m lenéth of line tied to the permanent
stakes andilaid in a’stfaight line morekor less parallel to the deﬁth pbntour
1n fhe leftward direction wheﬁ facing déepér.water. |

A different layout w#svused for anwadditional fish transect‘at fagatele
Bay and for transects at Cape Larseﬁ énd Sita Bay.. These threé transects were
made along a 10d-m length of weighted line plhced'in the exact same location
as transects conducted during previous yéarS«in ordér to neasure‘population

changes over time.

1
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'~ The Fagatele Bay transect began 15 m west of the basalt—roek point on the-
keast side of the bay and proceeded west along the~40-ft depth contour at the
upper edge ef/the reef‘slope. Ihe;Cepe Larsen transect began at the eastern
edge of a‘deep crack that‘bisects the‘reef 200-300 m west’of Fatuelo Point on
the westkside of Fagasa Bay. The trensect began at 25 ft where the reef slope
abtuptly steepens. and. proceeded in ae eastward’ direction at this depth. The
Sita Ba& tfaﬁsect began on the west edge'of en indentation of the reef flat
located about 4d m west of the ava (local term for channel or groove in the
reef) leading into the‘beech. The transect began at 15 ft and proceeded to
the west at e depth of 15-20 ft along the upper edge of.the'steeply sloping
reef front.

Tﬁe fish"transeets were censused by a single. .observer equipped, with
sdﬁba, Ali fishes observed within one meter 6n either side of the tténsect
;ine and two meters epove it were identified to species and counted: ’Hoies
end craeks' in the reef within the transect eorridor were ihspected for‘
) nocturnai and secretive fishes and the substrate was closely examined for
etyptic speqies. It is 1likely, however, that many species and individuals
were undetected, thereby resulting in an undetestimate of their abundance.
Being wary of divers, larger and morektransient,fishes‘tend to depart the
transect eorridor at the approach of the observer so they, too, are probably
under;ceneuSed by this precedure. 'Even clearly visible fishes that have no
tendency to hide Br'flee the approach of a &iver are subject  to inaccurate
counts because of their eiversity and large numbers and because of their
constant motion 13; and out of the transect eOrridor. In spite.of these
shortcomings,‘the visUal‘cenSus technique is accepted as a_vaiuable tool fof
studying reef fish populations and is widely used in ereas‘ whete the

‘underwater visibility is good. It is of greatest value for eaking relative
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comparisonS'between fish communities at different times and\locations rather
than as a quantitative -method for assessing tﬁe precise composition of a
particular community; ‘All ef the fish censuses covered by this report were
conducted by the same individual (R. C. Wass), thereby reducihg variability :
due to observer tias,  | | |

Jones and Thompaon developed (1978) a similar techniﬁue which allows one
to characterize the fish community in terms of species presence and gives an
indication of abundance. Its advantages are that it requires little time and
no special equipment e#cept for a diving vatch and an underwater slate. The
census proeedure used ia the present study goes beyond Jones and Thompson's
technique to yield a numerical ‘aopulation estimate fot each species on a
per-unit-area basis. Our 15-20 minute search for additional species foilowing
the census picks ap the rare,‘ctytie and seeretive'fishes that would alse be
found with the technique of Jones and Thompson.
| About ten minutes‘wefe required to enumerate the fishes on the 30-meter
transects:and about thirty minutes were required for the 100-meter transeets.
Data were tecorded on a tape recorder in an underwater housing through a
mictophone in the;mouthpiece of a‘regulator. Ten to thirty minutes after the
transects were censused, the observer returned to the area‘with an underwater
slate and spent 15-20 minutes seeking out and listing species not recorded
&uting the census. The search was condueted,withia 20 m’of the transect line
and within the same depth range. Although no ,quaqtitative information
resulted from this species aearch,.it facilitated a more complete descrittion
of the fish eommunity‘ by providing‘ information on the presence of wary,
uncommon, cryptic and seeretive species not observed during the census. All
~observations were made between 9:00 A.M. and 3:00 P.M. when diurnal fishes are

most active and nocturnal fishes,afe inactive.
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PHYSIOGRAPHIC DESCRIPTION of'the~MARINE HABITATS
| " at FAGATELE BAY

Overall Setting

Faga;ele Bay was formed soﬁetime during the Holocene when the ocean
breached the seaw;rd side of the volcanic tuff comne and‘fiodded Fagatele
Crater,(fig. 1). ‘Exposed roéks within the hrater consist of lithic-vitric
tuffs‘deriVed from Fagatele C:ater and from the nearby Vailoatai and Fogamaa
Craters as well. Seumalo Ridge rises 122 meters in elevation along> the
northern and western sides of the crater and Matautuloa Ridge rises to over 61
meters in elevation aloﬁg its eastern side. Siopes leading down to the bay
from these ridge grests‘ are Quité steep and locally form vertical to
overhanging ‘cliffsQ Sea’ cliffs are particular1§~ well developed along
wave-exposed stretches of shoreline northwest of Fagatele Point and qorth bf
 Step Point. ' |

AlthOugh overall boftom topography within Fagatele Bay undoubfedly
 ;e§embies to some extent that of thé orginal cfater, shallower regions have
been extensively modified by reef deposits. Reef‘ deposits are most
‘ ex;ensively found alohg the nqr;heaste:n sectbr of the bay where a contiguous
ffr;nging reef;flaf‘platform up to 206 meters vide and generaily less than a
‘ meﬁer deep is developed (Fig.3). Except where volcaﬁic basement rocks form
local outcrops and submarine cliffé, deeper reef deposigs‘ form- a cémplex
topography that is extensively distributed on most slopeskwithin the bay.
Channel and buttress topdgrapﬁy is well developed on shallow slopes adjacent
to reef-flat platforms and an undul#te topography of e}ongate ridges kandi
troughs with scattered smaller relief features consisting of knobs, moundé;
' ahd piﬁnaéles of various sizes characterize the deeper slopes.' A;: soﬁe

locations overall slopes are interrﬁpted by prominent submarine terraces.

26



-
1

Although regions where volcanic rocts'outcrop may lack in situ reef_deposit,
such localities .may \be patchily veneered‘ by a considerable number of
reef-building corals and calcareous algal.species. Deep’ slopes in the central
part of the bay were not directly observed, but based upon a general downslope
increase in sedimentation -on shallower slopes, it  1is most likely a
depositional zone where significant amounts. of bioclastic sediments are

accumulating.

/s

Description of the Coral Reef in Fagatele-Bay.

The reefs of Fagatele Bay can be divided into two principal geomorphic

‘regions consisting of a relatively shallow reef platform that extends outward

from the shoreline, and the forereef slope ‘that dips downward from the outer

edge of the reef platform, or from the shoreline,where such shallow platforms

are absent. Both the shallow reef platform and the forereef slope can be

subdivided into a number of conspicuous physiographic.zones. Such zones also

define-the,boundaries for some biozonation patterns as well in that certain

 reef-dwelling species are restricted in their distribution - to specific

physiographic habitats. In addition to strictly reef zones, Fagatele Bay has

significant -areas of nonreef habitats as well, particularly were submarine

cliffs and outcrops of volcanic -basement rock occur. Vertical profiles drawn

. from depth measurements taken along the bottom at Transects 1-6 to a'depthvof

12.2 meters are shown in Figures 8-10.‘ For each transect location these

profiles show the general bottom topography, the physiographic zones discrimi-

‘nated, water depth relative abundance of sediments (mosrly bioclastic rubble)

and corals, lOcations of transect  marker stakes, and isobaths where quanti-

tative measurements of marine invertebrates, fishes, and algae were taken.
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Reef-Flat Platform Zone
- Shallow fringing reef-flat _platform development 1is restricted to the
eortheaetern sector /of Fegatele .Bay (Fig. 3). When measured along'.its
sﬁogeward margin, the reef-flat platform is approximately 1100 meters long and
-entends outward from the shoreline a-maximﬁﬁ of 200 meters. The presence of a
number of large reentry channels, tens'of metefs wide end‘long, and more
numerous but smaller surge chaenels, geeerally 1ees than two meters:wide and
ten meters lbng, give the euter'edge of the reef-flat‘platform, or reef
mergin, a.vefy;ir:egular and frayed appearance. It is difficult to essess

©

whether restriction of reef-flat platform development to the northeastern bay

@

~sector has been the result of it being a more protected region, which would

‘proﬁote gfowth of fast-growing branching species of Acropora, Pdrites, ‘and

Pavona upward to mean eea 1evei, or that a shallow terrace was_pfesent in that
part of the bay when it was‘initialiy flboded. It is suspected that both
factors have had some influence.in reef—flat platferm development, as volcanic
basement rocks outcroP.along the inner reef-flat platform afilocation c aed
fast-growing brehching speeies are feund at location B (Fig. 4). _

The reef-flat platform can ﬁe divided into three distinct habitats (A,B
~and C) as shown in Figure 4. \These‘ divisions are based both upon
physiographic as well as community structural aspects of corals. In respect
to physiography, much of the surface of platforms A and C ere elevated
feletive :3 platferm B and thus are partially exposed during low spring-tides.
Corals and other reef organisms which tolerate little to no exposure to air
are thus absent on surfaces of these two platforms. The elevated nature/of
platform A is for the most part caused by the aceuﬁulation of boulder rubbie.
This rubble is composed mosfly of \fragmented‘eorels that normally iﬂhebit

the region adjaeent}the upper forereef slope zone .and thus must have been
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transport onto the .platfdrm surface by ’storﬁ surge and waves. The.
intertidal veneer of boulder rubble on platform‘A forms a distinct boundary
between it and the adjacent surface of platform B, as ihdicated by ; dotted
1ine on ‘Figure 3. Storm waves have also been reSponible fdr building up a
significéntheneer of beach deposits along the western part of platform A.
QOmposition of these beach deposits is mbstiy reef-derived biocl#stiés of a
‘wide textural range.intermixed with somé voLéanoclastigs derived from the
~adjacent voicanic ridge slope.

The inner part of platform C is an intertidal wave-truncated voléahic
bench about 15 td 25 Eentimeters higher‘in.elévation than the adjacent
sdfface of platform i. The "abrupt difference ‘in elevation between
fplatférﬁs C and B forms a distinct topogréphic boundary, as indicafed by a
dotted line oﬂ Figure 3, as well és a community structural boundary in that
-~ corals abundanﬁly occupy the sliéhtly"subtidal surface of ‘B and are

cbmpletely absent‘on’the intertidal surface of C. In a seaﬁard direction
the‘volcanic‘fench gr#des‘into a slightly lower reef platform that is

”abundantlf veneered Qith boulder rubble similar to- thgf described on
platform A. Although the .outer part of the boulder zone 1is slightly‘
subtidal, éorals'aré widély,scaftered and, for‘the most'part, restricted to .
elongate depreééions that gradé into reef ﬁargip‘channels at‘the seaward
edge of the plgtform;‘ A few smail patches of rubbly beach -deposits veneer
the sﬁrfacé of'several small shoreline indent;tions.

‘Platform B is coﬁgiderably,larger‘in grea/thﬁn is either.plaﬁform A or

C, mostly .éubtidal, and quite variable in iopographic‘ structure. The
southern Fhird éf'the‘platform has a somewhat f;attened toﬁography with.d
number of shallqw’holes'and debressions, generally less than 50 centimeters

deép, scattered about. Corals are widely scattered Qn shallow flattened
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portions of the platform, with most being reétrictéd?;o deeper holes and
depressions. Reentry  channels, latge holes, and irregularly-shaped
dépressions to 2 ﬁéters in depéh give,;he ceﬁtrél part of piatforﬁ B/a very
) irregulafk,topography, Between these ,topographic ‘depressioﬁ, thrpugh,,
abundant finely ’branched and c&mpact foliaceous speéies of corals have
grown upwérd to near mean lo; tidek level  which gives ’the‘ surface a
truncated appéarance. Someldf the larger aﬁd,deepér holes and channels aré
' abundantly occupied by a divgrée cbmmunity of cé:als\ as well as
considerable améuntq of bioclastic sand and coral rubble. Much of this
rubble has been cierive,d from  the coliaps’e and fragmentation of in situ
arborescent coral rspecieS' that were4 presumably killed by earlier

Acanthaster planci predation, On the northérn part of platform B (adjacent

to’C), topograﬁhig depréséibns and hbleg are mﬁch less abﬁndanf and, where
present, are shallower in.depth. ‘The platfbrm at most‘pléces is abundantly
covered ‘by compact stubbily-bfanched and foliaceous coral species which
grow upward t¢ near mean low ti@e.Level,,giviﬁg the surface a neat clipped
appéarance. Affplaces‘these CQrals combletely‘cévér,thé reéf surface,
‘Bioclastic sand and rubble veneers the floors of most holes  and
depressions, particulafiy near the shoreline where ; narrow rubble-strewn
shallow moat 6ccufa, . Some. small pafches of rubbly begch depoéits have

accumulated where shoreiine indentations occur.

Reef Margin Zon¢

The reef margin consists of the shallow wave-washed outer edge of the

reef-flat platform. .Topographically, it is aléo a distinct region that is

. indented at somewhat regular to irreguiar intervals by channels that,penetréte

'ﬁp to 10 or ~more meters into the outer reef-flat platform. Channel

orientation is roughly normal to the outer reef-flat platfqrm edge. At their
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‘. seaward end, channel depth rangés 2 to 3 meters and channelrwidth ranges from
1 to;3 meters. In crdss séction, éhannel walls are steeply sloping, vertical,

or overhanging gnd chénnel‘floors are flat or U-shaped and generally veneered

‘with bioclastic rubble and Sand.

‘Because of’the abrupt shoaliﬁg nature of the outer reef-flat platform,

: water in the reef margin is seldom célm, as even small waves generall& ﬁreak

and produce surf. Watér movement 1is generaliy.gscillating because as/a wave

;roﬁgﬁ épﬁroaches, water rushes seaward and then abruptly reverses direction

and rushes landWardVAS thé wave crest advances. Collapse of the wave at the
reef mgrgin itself tféﬁslates ﬁhelwave into a surge of rolling surf that moves

\shoreward,across ;he platform. These strong currents and wave actioﬁ keep

platform areas' betﬁeen the :;eef margin channels’ swept free of most fine

sediment, but largéresized cobbles and boulders aﬁd‘sand tend to accumulate on

,ﬁhe'channel floors. Based hpoﬁ ﬁhe présence of abundant bioclastic ruﬁble

transpértedionto fhg reéf—flat platform, wave assult must be greatest‘in the

reef margin zohes adjacént to platforms A and C. ’ Species abundance and

coverage of corals is reiatively high on the reef margin because of reduced

Acanthaster planci predation in wave-assaulted zones. -~ Although some
stoutly-branched species of corals are restricted to this zone, so are some of

the most fragile épeéies as well.

Fbrereef‘SIOPé Zone

Seaward of the ;eef margin,‘the reef surface abruptly dips downward,
forming/thé‘foreré¢f s1ope zéne. ‘Where reef platform development is absent,
sdch as aloné ‘the /sdutheastérﬁ and northwestern regions of Fagatele Bay
(Transects -1‘ and 6), the forereef slopé“dips downward directly from the

subtidal shoreline. Along the portion of' the bay with reef-flat development

34



(Transects 2, 3, and 4); the ferereef(slope can be divided into three physio-
graphic zones. |

| The uppermost er shallowest Qf the zones on the forereef slope is the
reef front slope which ccnsists of the steeply dinping seaward face of the
shallou reef-flat platform. Cbannels from the reef/margin extend"through‘this
zone forming a channel and buttress topography. The depth to whichkthis
channel and buttress topography can be umintained or developed,‘mainly by
erosiony b& abrasion‘ of ioose sediments valoné channel floors and by reef
accretion on intervening buttress surfaces, determines the lower boundary of
this zone, which here ranges from'about 3 to 6 meters. Although the reef
front slope lies just'seaward of the‘normal breaking syrf zone, it is still
located in a regionv of strong ,oscillating currents._ For : this reason,

predation by Acanthaster planci was less intense and species abundance and

coveragefof—corais is higher here'than'nn deeper forereef zones. In place of.
shallow reef front’slope channel and buttress morphology at Transects 1 and 5,
a somewhatfirregular surface tepograpby, here cailed the inner reef slope
- zomne, is developed at these locations (Figs. 1 and 3) Althougb'in situ reef
deposits»appear to occupy most major reef slope surfaces, at is suspected that
they form only a thin or patchy veneer, and that the greater _surfaee
irregularity‘,here is nainly a reflection, of :uneuen underlyiné volcanic
basement rocks.

At most locations (except at Transect 6) between 3 and 9 meters depth,
. the degree of forereef slope  decreases ‘forming a submarine terrace zone.

wWidth of the submarine terrace ranges from less than 40 meters at Transect 5

to about 120 meters at Transect 3. Elongate ridges and valleys and scattered

‘ pinnacles knobs and mounds gives the submarine terrace an irregular surface

topography. At Transect 3,a prominent patch reef about 6 meters in diameter
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bteaks the surface, during low tides. Bioclastic rubble and sand veneers the-
s‘ubmarine terrace surface in many places, particularly in valleys, troughs,
Vand other topographic depressions. When driving rim stakes into the reef
r‘sorf‘/aces for transect ﬁatkers, this rubble accumulation’ was found to be in

excess of a nieter in thickness at places.k Possibly recent Acanthaster plarici

predation on corals has accelerated the accumulation rate of rubble. Much of .
the rubble consists of».fragmented branching corals and scattered pieces of

tabu'late Acrogora species, particularly Acropora nobilis and A. hyacinthus.

Although a considerable amount of coral rubble is present on the submarine
terrace, it is rapidly oeing consolidated into a wave—resistant deposit by
enerusting cal.careous» algae, and to a lesser extent by ir_xcrUsting Species of
corals. Coneolidation of loose rubble is important if recolonization by large
tabulate eorals isk to be successful. -Tabulate oorals, such as ‘Acrogofa

hzacinthus, which was an important species on ‘the forereef slope before

Acantﬁaster planci predation, are presently recruiting to rubble deposits.
For these recruits to be succesaful, rubble must be wave-stable, because as
drag resistance from wave ct’;ri:eht increases with colony enlargement a point is
‘reached where the yloose/ plece of ‘rubble to which it i1is attached beeomes
. unstable under normal ‘wave assault and the colony 'topples.’

AA noticeable intrease.in the angle of downward dip occurs cn the forer‘eef’
~ slope at a depth of 6 to 9 meters along Transects 1,2,3,4, and 5, which marks
the ’beginning‘ of the outet ‘reef slope zone. Outer reef slope topographw is
somewhat similar to that described on the more gently sloping submarine
| terrace zone, but with smaller and fewer local prominences such as mounds,
k.nobs, and 'pinnacles. Bioclastic ‘sediments are more abundant than on the -
upper forereef siope .zones, particularly the sand-sized fraction which tends

to .accumul‘ate in local flsttened portions of the slope, topographic

36



‘depfessions, and trouéhsw Aithough no rdirecf observatioﬁs of‘slopeS deeper
than 20 meters was madé syStgmatically, a number of large sandy batches were
observed at about 30 meters depth while making a towed‘snﬁrkel reconnaissance
around Fagatele Béy.' A éubmarine cliff inter:upts the;outér reef slope at .
about 12 meters depth at Transect 1. Such cliffs also are found extensivelyk
" between Scep Point and tﬁe reef\platform along the east side of the béy aﬁd
:between Fagatele Poiqf And the reef plaﬁforﬁ C along. the northwestefn side'of
thé\bay‘(Figs. 1 and 3&. Although rock samples were not collecﬁedkfrom these
- submarine cliffs, their‘ﬁeftical fécés:arg preéuméd to be composed of volcahié
tuffs, similar to those giposed aiong adjaéent shorelineé.‘ Outer reef (or
' Qolcanic nonréef s;opes) deepér than 30 meters were not directly observed, but
it 1is suspected that this deep cenﬁral' part of the bay 1is primarily a
deposifional basin whére}‘ bioclastic sedimeﬁts ‘of reef origin and
volcanoéla;tic‘~sediménts of materials eroded from isubﬁidal and subaerizl
slopes are accumﬁlating.

Extensive'in situ reef deposits were ngt observed at Transect 6. Here
volcanic baseﬁent rocks fdrmAa pomplg#\topogfaphy of steep slopes, irregularly
shaped’ ridges, aﬁd large blbcksf that are patcgily veneered by corals%
calcareous algae, and other kreef—dwelling‘ o:gaﬁisms. Although heavy wave
assult_keéﬁé most surfaces swept free of sediments, some flatteﬁed terraces,
troughé, énd topographic deprésgions are veneefed by a mixture of biocléstic

and volcanoclastic sediments of a wide size tangé;



QUANTITATIVE SURVEY OF BIOLOGICAL RESOURCES
at FAGATELE BAY

5-19 April 1985

A préliminary survey of Fagateie Bay National Mafine Sancﬁuary revealed
that the toral’~commudity\ aﬁd, benthic hébitat were in a patchily arraye&
lateral pattern‘saéerimposed over a vague pattern of vertical gfadient. Té
quantify,these sourcas  of variance as efficiently aS~p0351ble,‘we set our 6
permanent tfansects evéply around:thewperimeter.of the Sanctuary, with each
xﬁermanent transect covering thé vertical gradient to a depth of 40 ft (12 m).

Réplicate quantitativeﬁsamplés were taken/along isobaths, starfing at the

permanent tranéects. The results of our quantitative surveys are given below"

in taxonomic orde;.

Glossarz

v

The following symbols are used in this report.

-] = standard deviation ‘ .anova = analysis of variance
SY' .= standafd error of the ﬁean ‘ * = p<.05
W "= range of data ‘ ‘ **x = p<,0l
1 = Shannon-Wiener diversity index *%kk = p<,001
L) Pi 1og\P1 (ﬁhere Pi - El) ng = not significant
J° = evemnness index
4
- %’
max ; .
D = Simpson's index of dominance

z ni (ni-l) ‘

N (N-1)
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‘Algée and Substrate Cover

Results of the,quantitative;survéy of algae in Fagatele Bay are presented’
inuTables 2a éﬁd 2b. A total\of 39 species of marine plants were encountered
along 20 transects at various depths. The overall peréent cover for the
marine plant éommunitj along all tramsects in Fagatele Béy was 78 (s = 18).
‘Crustose and articulate‘coralline algaenméde up 57.1% of the overall coverqge.\
In‘fact, incrusting coralliné algaé,were/characteristic of the entife bay.
Both the overall algal coverage énd the ycéverage, of the crustose énd
articulate coralline algae;gecreased‘ﬁith deptﬁ (Iable 2¢). ‘Halimgda was
common in the interstices of the substrate, 1Ihekthin, blaék, tightly adherent

crusts of Ralfsia were conspicuous and reached a 15.6% coverage at 40 ft (12

m) on Trangect 4. Cheilosporum maxinium was one of the more conspicuous
articulate coralline algae and was found on most transects, frequently in
somewhat protected areas.

‘buring’the second part of the study at other sités around futuil; a total
of 54 algal species were encountered‘along 12 . transects at a depth of 6 m
(Table 2d).v The overall percent co?ér was 55g8 (s - 30;45. Crustése and
‘articuléte céralline algﬁéycompr;sed 43.,4% (s = 20.1) of the cover. |

’Little iﬁformation hgs,been published on the mariné«algae of American
Samoa. The pape¥ by Setchellk(l924) is pe:hﬁps‘the\most suﬁsﬁantial, yet it
was appérently based upon fragméntary collections and isrincoﬁplete (Dahl
1971). In addition, most of Setcﬁeli’s wofk,was,done in relaﬁively shalloﬁ
water on the rgef\ flat. Dahl, in his i§71 paper, preéents a general
discussion about aigalraSSemblages frequently fBund associaﬁedlﬁith turfs in

-American Samoa.

Fagatele Bay ﬁas greatly affected by Acanthaster planci in 1979 (U.S.

Army Corps of - Engineers: 1980).‘ The coral community in most areas was
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dgvastated, pfoviding .surface for the recruitment of ‘succeSSional “plant
assemblagés. Studies on cheralgaljrecoionization of coral Commu;ities aftef
destrut:tion by -A. planci generaliy address only the time periods directly
‘after the destruction (Briggé and Eminson 1977). Nishihira and Yamazéto
(1974) meﬂticn that the type of community after the destruétion'of thexcorals
by tﬁe A. gianci"depends upon the type of the original and suffoundlng
community as well as oﬁ the geophysical position ofkﬁhe community céncerned.

The marine . plant coﬁmunity of Fégate;e Bay may be categorized and
described in’terms of their secqndary roles as functiohal groups in the marine
‘eScoystem of the bay, assuming primary production to be the primary role
(Tsuda 1973). One‘kg;oup,‘ the fleshly macroalgae and marine plants, was -
greatly fgduced.' Mémbers of this group; such as‘Halbghilé sp. and Sargassﬁm

sp., were observed in shallow water during the second péft of  this study.

Only two membérs of this group, Laurencia and Tolypiocladia, were found 1in
Fagatele Bay, ‘but they were sparsely distributed, low growing, and were
associated mostly with algal tuff. |

Algal tuff was generally low and was’ usually found in semiprotected

areas.  Gelidium pussilum, Hypnea - pannosa, ' Microcoleus lyggbyaceus,

- Sphacelaria tribulodides, and Dictyosphaeria “versidysii represent. the

predomiﬁant turf coﬁmuﬁity observed along most transects. Ralfsia péngpensis
’w;s common. Its cover reached up to 16% along Transect 4 at 40 ft. The
generally low‘aBundance of fil;mentous algae in exposed areas and the reduced
occurrence of algal mats may be an indication of ‘grazing by herbivorous
fishes, or it may Bé a successional étage wﬁich follows the dev&statibn of che-
coral community 6 years ;go. |

Incrusting coralline algae were the most abundant algal component along

all tranéects in Fagatele Bay. Most transects were exposéd to strong surge or
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high wave enérgy. Porolithon\ associations for@ea a pavement giving the
,subsgrate a clean scrubbéd appearance. A typical sun-loving plant, ?orolithon
occupies only the upper Surfacé of'the rosettes okacroEora or other corals.
<Pezssbne11a, a th&roﬁghly calcified species, covers wave-worn fragments of
coral and other substrates. Halimeda wés one of the moré abundant of the/

Carbonate—producing algae. The thalli of Halimeda frequently ﬁere'so closely

crowded together that the light fell only on their ﬁips. Chilosporum maximum,

Amphi;oa foliacea, Jania, and Amphiroa sp. follow in order of import#nce for
carboﬁate produétion: |

This baseliné study does not take into account the impor;ance \of’
precipitation and tidal fluctuations in influencing the seasonal oécurrence of
certain species of marine  plants. Information*on the é;gal communities of
American Samoa is‘sparse ahd frequently too geherai (Setche11-1924; Dahi 1971;
U,S"Armerorpg of Engineers 1980) to make any gomparisdns about tﬁe algal
community and residual or second-order impact from the é; glﬁnci infestation
and changes in the algal community'since this e?en;. | |

kThe'plang assemblages of the areas surveyed during the second part of the
study wefe simila; to tHOse‘ in Fagatele Bay. Incrﬁsﬁing cﬁrallihé algal
associations were characterisic for all afeaé. Of particular interest was the
lﬁyer of Pezssoneliarover large areas of rubble at'locaﬁions 4,5, and 7 (Table
2d, Fig. 2). The area of fransect 11 (at Rainmaker Hotel) showed the lowest
numbef df algal species (4). The human population around Pago Pago, includiné
the industrial complexes within tﬁg harbor;-contribute to the pollut;on in the

bay and possibly to the decline ih species diversity of algae /péar the

Rainmaker Hotel.
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Table 2a.

coverage, numbers in parenthesis indicate frequency of occurrence converted to pervent (see Methods in the text).
ocanﬁ:gepimyﬁcauymodualgaeoroccmmuhevmtyofﬂeuanmc;ammﬂcedwimanx.

Frequency and percent cover of the benthic flora in Fagatele Bay, American Sama (Transects 1,2,3). Plain mmbers indicate percent

Algal species

TRANSECTS

2

10

3.11)

X
2117
4.2(17)

2.1(17)
1.(17)

3.1(%)
2.1(3) -

2.1(x)
2.1(17)

LO(I7)

2.1(17)

3.17)
2.1(17)
2.1(17)

6.2(33)
. 2,1(33)

L17)

4.2()

LX17)  6.%(50)
8.3%(50)  10.4(77)
2.1(W)

1.X(17)
1.0(17)
2.1(17)
3.1(17)
2.1(m)

. L17)  5.2(50)

1.0017)

3.1(50)

1.0(17)

2.1(3)

6.2(33)
2100

1.0(17)
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1.0(17)"‘

3.1(33)

- 8.3()

2.1
8.XE) L2.5E)

1'.0(;7)

LO(I7)

4.2(33)
3.1(17)

1.0(17)

L.17)
8.3(67)

1.(17)

5.2(50)
4.,2(30)

L.X(17)

3.1(17)
3.1()

2.1(3)

. L0(17)
3.1(3)

1.(17)

2.1(17)

/1.0(17)

2.1(33)

1.0(17)

2,1(W)

1.X(17)
2.1(17)
8.2(50)

'2.1(33)
1.0(17)

6.2(67)
2.1(1)

2.1(B)

“1.0(17)
3.1(17)

31017

"6.25(17) 10.4(50)

L.0(17)

1.0(17)
4.2(33)

C3.1aD

2.1(1)

9.4(50)
1.(17)

1.0(17)

10.4(67)
2.1(17)

1.(17)

L.17)



TRANSECTS

) 1 2
SPRCIES 15 K 0] ) 10 15 -2 & 10 15 0 )
Jania capillacen 1L.(17) . 1.0(17) 1.0(17) 1.(17)
Li| sp © - 2,1(17)  5.2(40) 2,1(3B) 6.2V
1lun 1.0(17) - 5.2(%0)  2.1(}) 2.117)  6.21) - 3.UW) 2.1() 2.1(17)
(Foslie) Adey . ) ) ' ‘o ’
olithon sp i ) : - 2.1(1)
Per ilia sp. 8.%50) 14.6(50) 5.2(30)  S5.2(30) 7.X50) © 8.X50) - 7.367)  5.2(3) 16.7(83) 8.30) 6.2(50)
Porolithon sp. %.2(83) 30.2(83) 1.3(100) 52.1(100) -56.1(100). 15.6(67) 19.8(67) 47.%(100) 14.6(30) 2B.1(&3) 26.(50)
Species 1 6.2(67) 2.1(17)  4.2(3)  2.1(17) 10.450) 2.1(17) | 5.2(3) 13.X%0). 3.1(1D)
" Dead coral 2117 i . 10.4(33) 7.3(50)
Coral rock 11.517) . " 2.117) - ’ :
. Live coral . 8.330) 19.%67) 26.0(83) 2.1(17) 2.UB) ZA.0N) 2.(V) 26.0(8) 17.7(67) 12.567)  9.4(50)
Rubble - 2.1(17) : ’
Sand 6.,2(13) 4.217)  7.3(3)
Anene . 2,1(33)
Sea urchin 1.0(17) ' .
Sponge ~ . 1.0(17) - 2,117 6.2(30) 3.1(1n  9.417)
1.0(17) 1.0Q17) . : : ‘ ‘
Soft caral . 7.4(%3). 4,2017) - 4.2(17)
Sauzz Lo(17)  1.0(17)  2.1(17) - 1.0Q17) ‘
Nuiber of plant genera/transect 14 9 9 13 12 13 18 11 15 10 15
Nunber of plant species/transect 15 .9 .9 1% 12 = 15 19 1 18 10 15
Overall percent plant coverage 70.8 73.9 60.2 95.7 9.6 67.4 85.0 67.6 . . 8l.1 nI 78.8
Percent coverage of crustose 4.8 8.3 45.83 61.5 0.8 41.5 48.9 63.5 53.1 53.0 45,6~
and articulate coralline algae < . . )
Total nimber of plant genera 32 .
Total number of plant species 39

43



- Table 2. F’requatyampu'centcoverofmebmﬂdcﬂommFagaceleBav MmcanSam(Tmmctsase)

indicate percent coverage, numbers in parenthesis indicate frequency of occurrence converted to percent (ae n"bcmds'

in the text).
marked with an X.

Al@lspemsoccmﬁngepxphyucauymomeralpeoroccmnngmu-emmtyofd\er.rumctare

TRANSECTS

4 ' ~ S 6

 SPECIES 10

15 0 o 15 k1) ) ] )

3.1(33)
1..(17)
5.2(3)

5.2(50)
L.o(17)

2.1()
L 1.0(17)
(C. Ag.) Naegele

Hypoglossum attematum
Gardner

Unidentified red
Amphiroa sp LO(17)
Mfoﬁm

1.17)
MM
4.223)

2.1(17)

3.1(5%0)
45.8(83)
6.2(3)

3.2(%0)

4.217)
8.%67)

2.1(17) .

4.2(3)

1 25.0(1)

LO(17)

2.1(33) 1.0(17)

1.0(17)
3.1(17)

2.1(33)

4.2(17) 10.4(50)  6.2(50) 4,2(33) 7.3(33) 15.67)

1.0(17)

2.1(17) 1.0(17) 2.1(3)

15.6(83)

1.0(17)

13.5(67) 7.%3) 4B 8D 317D

1.0(17)
2.117)
1.0(17)

5.2(33)
1.0(17).

2.1(17)

LX17)  1.0(17) 1.X17)

1.0(17)
1.(17)

1.0(17) 1.(17)

4.2(30) 1.0(17)

LB
117
7.3(50)

3.1(50) ' 1.0(17)

4.2(3) . 5.2(50) 1.0(17)
Lo

4.250)  1.0(17)

12.5(67)  5.2(1) 10.4(83)

15.2()
1.(17)

Z7B.1(50) LoD

1.0(17) 4.1(3)

4.2(50)

1.0(17) . 1..17)

10.4(0) 2.1(3) 2.1an

\ 5.%17)
16.7(83) 4.1(17)
20.2(100)

3.1(33) (

1.0(17) .
11.4(33)

8.3(67)
25,0(33)

10.4(50)
11.%(50)
8.3(1)

15.6(83)
43.8(100)
7.3(33)

4.2(50)
3%6.5(83)
. 10.4(67)

11.5(100) 13.5(67)
35.4(67) 37.5(83)
8.3(33)

2.1(17)
*4,3(17)

19.8(83) 1L.5()
31017

4.1(17)

3.K17) .6(100)
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Table 2 ’ eessas . —
' TRANSECTS -
h . "5 6. .
SPECIES . o 5 N W IOLI w 5 w0
' Sand 21017 42.7(67)
Sea urchin 2.1(17) ’ )
" Soft coral . : ' 4.2(17) L.o(17)y 7.3(33)
Saez - 2.1(17) . ‘
Chiton i 1.(17)
Number of plant genera/transect 12 14 1 17 7 12 13- 7 ©5
Number of plant species/transect 17 14 13 17 - 7 12 15 - 7 -5
-Overall percent plant coverage 92.5 9.9 8.2 9.0 8.4 78.0 9.6 0.7 . 17.5
Percent coverage of crustose 67.6 7.0 €0.3 64.5 n.o 66.6 n2.8 58.3 13.6
Total mumber of plant genera 27
Total mumber of plant species 33
Table 2.  Mean percent cover and standard diviation at different depths in Fagatele Bay.
overall 10 ft 15 fr 0 ft & fr
=20 3 5 =6 . b
all algae 78.0:18,2 85.3:12,6 85.6% 9.6 75.2 6.7 72,8t 27.8
crustose and articulate 57.1 *14.1 65.6* 2.9 63.9:11.8 56.327.7 48,5* 18.6
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B L ) R B ‘ " N ~ . ; L
Table 2d. Frequency and percent cover of the benthic flora along 12 transects in 6 different bays of American Samoa. Plain mmbers indicate percent
coverage, mumbers in parenthesis indicate frequency of occurrence converted to percent (see Methods in the text). Algal species
occurring epiphytically on other algae or occurring in the vicinity of the transect are marked with an X.

TRANSECTS

SPACIES ' 1 2 3 4 5 6 7 8 9 10 1 12

1.0(17) Lo LX) L) LOT)
Schizothrix calcicols L0(17)  1.017) ' ; ' 1.0(17)
Schizothrix mexicans' LX17) L7 o 1.0(17)

Bryopsis pennata Lo ‘ 3 1.0(17) 2aan
peltata ‘ | N | , 1.617)

Chlorodesuls fastigiata o ' 3.1(3) LO(17) 2.1(1) 6.X17) ‘
Dictyospheeria versluysii 1.017) - ‘ 1.0(17) | 1.017)
: Clathraa o | nan

. 1.0(17) Lo

opmtia AT 3B LAB) A2 U@ 210D 2B 0 SAW LoD

- Neneris ennulata T ‘ ; | ,, LX17) LOo(17)
Valonia ventricoss : 1.0(17) ,
Ag. ‘
Tniemria exeicionts 2101 - 1.0(17)

Dict: repens X owoan , ' 213
Dictyota frishilis =~ . 7.XD) LO17) 3117 3B 2.4B) 4.2D) 4.2B) 4,.2D) 1.0(17)
Setch, ‘

Ralfsia pangoensis = L ILX%0) C4.2017) 6.267) 4.2A0) 1.X17) 1017 2.1(B) 1.O(17)
Spheacelaria furcigers 1017

Actinotrichia M ' ' 1.0(17) 1.0(17) 1.0(17)
Ceramiun o o ' ' 1.017)
Derwson ‘

Dedia hornemsmi. ' ; . 10aD) | 2.1()
Galaraura filamentoss , Lol LoD

Galaxmrs merginata . ' Lo17) : \ 2.107)

Lamx. g

Gibemithda hewsiensis = . 1.0(17)

Gelidiella ep. 1.017) 2.1(17) W <)) 5.2(33) 9.4(50) 5.%3) 5.2(17)

c_ex_i%_ogg intricata 1.0(17)
(Ag.) Vickers
Gelidium

pussilum LX) 211 ' 6.23) 4.2(67) 3.1(50)
Haloplegm duperrayi i | Lo , 2,117 2.1(B)
| femitem frgiis 2.1(7) '
Harvey :

Herposiphonia tenells ; Lo C2.14n S 2m)
" (W, v. Bosse & Foalie) Foalie .
Hypnes pennosa X X
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; Table 2d continued......
TRANSECTS

SPECIES ; 1 2 3 4 5 6 7 8 9 10 1S S

TN — ;
macwmm o LA 10317 ‘ ' 1.0(17)

Laurencia papillosa 1.0(17}
(Forit.s Grev. ‘ ' ‘ : _ : , ~
Liagora sp. : : , o Lean C :
Polysiphonia sp. : ‘ ‘ ) o . L1 ‘ - L0a7
Polysiphonia scopulorum ; : 117 -
Harv, : ’
Rhodyrenia sp. ' ‘ 1.0(17)
Tolipic glomerulata 2,117 1.(17) ,

(Ag.) Schmitz
Unidentified red X Lo1n

Anphirca sp Jean 1.0(17) 2.1(17) 2.1(17) 1.0(17)
mn_t_a_fouaoeu ; 3.1(17) ‘ - 2.1(17) - 3.1(17) 2.1(33)

m fragilissim 421 L7 ' : o7
Q&EEEEQE ' 3.1(3B) 42T 21T 1.617)
Yeno i :

' Hydrolithon sp. o , ©onoan 1.0(17)
. Jani3 capillacen , ‘ S 0a 10017

Lithophyllun mpluccense ' ‘ 1.0(17)
Foslie - . - ‘ B
Lithoporella sp. . 3.1(3) 4.2(50) 4.2(17)' 5.2(33) 1.0(17) 2.1(3)
1lun erubesens o ' . : 2.1(17)
(Foslie) Lemine o ‘
Mesophyllum mesomorphum 3.1(33) 2107 2.(W) 1,017 1.0317) 1.(17) 4.2(67) 2.1(33)

Neogoniolithon sp. , 1.0(17) 1.(17).

, sp. - 2.1(33) 6.2(50) 11.X83) 9.483) 12.%50) 10.4(33) 14.7(67) 9.4(67) 7.X33) 5.250) 4.2(33)
Porolithon sp. 6.2(17) 26.0(67) 39.6(100) 19.8(67) 38.5(83) 31.3(67) 20.8(83) 33.X(83) - ‘
Species 1 15.6(33) 2.1(33) 11.%33) 6.2(33) 4.233) 15.633) 7.317) - - 2.1(33)

Bivalve ‘ - 1.0(17)

Dead coral 13.567) 4.2(33) : 5.2(17) 5.217) 2.1(17) 6. 2(33) 9.4(67) 5.2(17) 10.4(33)

Coral rock 5.2(3) 2.1a7 2.1(17) 4.2(17)
Live coral ‘ 30.2(67) 28.1(100) 2.1(17) 21.%(67) 8.%50) 18.8(1D) 3 1(33) 18.8(67) 17.7(67) 32.%83) . 20.8(0) 49.0(100)
Rubble - . ‘ ) 15. 6(33) 6.2(50) . 25.0(50)

Sand oo 5.2(33) ~ : 1170 14.6(50)

Sea urchin- ‘ 2.1(17)

Silt ‘ ; : 15.6(33)

Soft coral B0 4.2(B) ‘ 6.2(17) A1) , : B B (6 <))

, ‘ 1.17) . : 1.0(17) - 117 7.3(30)

Spange
. Number of plant genera/transect 0 1.
Number of plant species/transect 12 18

13
13
Overall percent plant coverage 7.9 62.0 92.9
Percent coverage of crustose 17.6 %3 68.8

12 m 1
13 1 I
8.4 7.6 .1
n.7 5.2 .60.5

RELS
BBEG
e
——
Rkl
5

W
TRBRe

——
\. .G
[=,]

Total rumber of plant genera 47
Total mmber of plant species 53

1~ Inside Masefau, Z—Qn:slde&mfm.S-Am.b-Qam.S—hn'u.&PhuﬂiPdnt 7—!‘@9 S-Chpelaran 9-Famfm IO-the&y.
ll-hirndu' IZ-Fhmlbdt
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Corals
- The primary purpose of this report 1is to provide a quantitative
biological resource assessment of Fagatele Bay'National,Marine’Sanctuary so -
‘that chanées in time can be quantitatively documented in comparison with this
baseline information. Towards this' objective, we have presentede summary‘
statistics for each reef—building (hermatypic) coral species at each denth
along each permanent transect for Fagatele Bay in Tabies 3a~y. Likewise, we
have provided sSummary statistics for each hermatypic coral species at the reef
margin and at 6 m depth for April 1982 and for April 1985 at 12 additionaI
| locations around Tutuila Island (Tables 4-15).

In Fagatele Bay, the oercent"substrate coverage by hermatypic corals
(Table 16) tended to be greatest in. areas with strong wave action, e. g.
coverage by corals generally decreased along a gradient from transects in
shallow areas.to transects in’deeper waters and the outer Transects 1 and 6‘

Ahad greater coverage by corals than did the central transects at comparable

depths. - Although these trends can be seen in Table 16, statistical

demonstrétion of these trends can not be given because of a large interaction

: [} '
term brought about by ‘the presence of a large clump of Echinopora hirsutissima

- at 9 m near Transect 2. We believe this general trend is probabiy a result of

protection of corals from Acanthaster planci by water surge and wave action.
A. planci does not maintain its position on the substrate in areas of strong

snrge.

1Echinopora hirsutissima‘is not a favored prey of A. élanci and this may
"‘be why such a large patch was present at 9 m depth ” We looked for patterns in
the distribution of. favored prey (Acroporidae) and disfavored prey (e. g.,
Poritidae, Mussidae, Milleporidae), in Table 3, but in a11 cases there were

strong interaction terms which prevented generalizations. The abundance of
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hermatypic corals in Fagatele Bay was patchy and no clear’patterns could be
observed (Table 17). This‘ may result from ,aggregated and irregular
recruitment. Likewise, because of interactions, there were no clear patterns
in the distributions of mean colony Jsizes (Table 18), ' coral community
diversity values, degrees of evenness of representation of coral species, or
degree to which the coral communities were dominated by a few species (Table
19). Nevertheless, with the summary statistics;obtained in this study, a
comparison can be made with stetistics fron future studies to see if a
‘significant changevhes occurred.

Data from the°survey indicate:thatrthe’coral community/in Fagatele Bay is
a diverse and complex system. Frequent interactions obscure general patterns.

The present distribution of corals in the community may result in part from

differential predation pressure from Acanthester\planci in 1979 as well as
from aggregated and irregular patterns of coral recruitment. The~purpose of
this survey is to provide a basis for a duantitative‘comparison'of future
changes and to allow statistical analysis of these changes in community
structure. For convenience, a complete list of all species of scleractinian
corals;observed‘on each trensect at each depth in Fagatele Bay 1s given in
’ Appendix 1. A complete ‘listA‘of species observed at 12 locetions around

Tutuila outside Fagatele Bay in 1979, 1982 and 1985.is given in Appendix 2.

Macroinvertehrates‘

The densities of macroinvertebrates along 19 transects in Fagatele Bay
are presented in Table 20. A qualitative assessment of macroinvertebrates
_ observed on the reef outside the areas censused on the transects 1s presented

in Table 21.
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Echinoderms were the predominant benthic invertebrates, occurriﬁg on all:

transects. Observed on 95% of the transects, Echinometra mathaei was the most

common ofbthe five species of urchins encountered. E. mathaei reached its
greateét abundance in the more.shel;éred reef of Transects 2 and 3, where it
inhabited the interstices of dead branching corals. In «thé more
waﬁe;assaulted zones of Transects 1 and 6, it occupied a system of grdéves in
the reef pavement;f' |

‘Conversely, the burrowing urchin EChinostrephus sp. was more abuﬁdant,in

" the ﬁigher energy environments where reef payeﬁent wés covéred by a thin sand
and algal\turf; This‘oécurred\aﬁ a mean density of 236.6/m2 éldng the 15-ft
(5 m) isobath of Transect 1. At‘the’30-ft (9 m) isobath of Tramsect 1 and tﬁe
25-ft (7.6 m) isobaﬁh of Transect 6, it atté;ned mean densities of 109.7/m2
and 102;9/ﬁ2, respectively. | | |

Other species of echinoids were neither as common nor as abundant as E.

mathaei or Echinostfephus "sp. Echinothrix diadema was found in the two
siallower zones of Transects 2, 4, and 6. Less common wére Eucidaris

.metularia and Diadéma‘sp., which occuﬁied the deeper isobaths.

s

The small coral‘reef‘asteroid Linckia multifbra was. the only starfish
.occurring on transects. This species was most commonly observed on the‘&eepér

isobaths ﬁhére it was sheltered from wave éurge. Only two individual

Acanthaster planci were\observgd in Fagatele Bay during our‘studies in April
1985. -

The soft céra; Sinularia ép. aiso formed a conspicuous component of the
¢macroinver£e5rate faﬁna; Preéemt bn 14 transecgs,’golonies of Sinularia sSp.
were more 'abut;daﬁt in shallow areas of moderate to high wave and current
activity. A single colony of Sércoghxton sp. was éncountered 6n :he'transect

at the 40-ft isobath of Transect 1.
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The highest diversity among the ’macrobenthos was exhibited‘ by ,tbef
gastropod assemblage. Fonrteen, species of neogastropods occurred on the
transects, representing about 78% of all species\of snails. Only two species

,each of archeogastropods and/mesogastropods vere found on the transects. . The.
predominance of neogastropods was also reflected in population densities; 71%
of the gastropod fauna consisted of neogastropods, while archeogastropods and
mesogastropods made up 11z and 3% of the fauna, respectively. The most common‘
and most abundant of the neogastropods was the muricid Morula uva, followed by

the fasciolariid Peristernia fastig

A ‘single species of opisthobranch‘ gastropod was observed on the
transects. However, this species, the nudibranch Phyllidia sp., constituted
about 14% of all gastropods present. Thus, its abundance was aimost equal to
that of the archeogastropods and mesagastropods combined;

Althongh a number of dead bivalves vas~observed in Fagetele Bay‘(Table

21), the giant clam Tridacna maxima was the only live species encountered on
transects.. This probably represents a comnservative estimate_ of relative

abundance of \bivalves because there - was not snfficient time to examine

, habitats of the cryptic/or,the‘infaunal species, such as Arca avellana and

Scutarcopagig scobinata.

The principal crustaceans inhabiting the transected‘areas,of the reef
were hermit' crabs of the fanily,Diogenidae. These crustaceans were collected
and preserved for later identification‘by-Roy K. Kropp of’the University of
Maryland. A mediumfsized partbenopid ,crab, Daldorfia cf. horrida, was
A observed adjacent to’the 10-ft k3 ) isobath on Transect 3.

A preliminary list of gastropods\collected or observed at 11 sites around
Tutuilla is given in‘Table 22. Further study is being given to crustaceans,'

asterolds, and ophiuroids to provide accurate identification of these taxa.
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‘ Macroinverﬁeb;#te specimens collected dufing this survey are being compiled
into é refereﬁce collectibnito be deposited at the Fagatele Bay National
Marine'Sanctuary headqqarters‘in American Samoa. Where available, duplicate
Specimené will be deposited‘aﬁ;the Univérsity of Guam Mhriné L&boratory.

As noted by Eldredge (1979), few umring f;unistic surveys have been
céndﬁcﬁed in American NSamoé.' :Previous studies of F#gatele’ Bay have.
encompassed fish surveys (Wass 1978) and general reef mapping (U.S. Army Corps
of Engineers 1980). Unfdrtunatély, few‘deta#is of ;hé composition of the
‘macroinvertebraté commuhity have been provided.

Data from the present study‘indicate that the macroinvertebrate fauna’of
Fagatele Bay is representative of the Indo-~West Pacific region. We collected
two'of the 13 spécies of asteroids known frbm Samoa (Marsh 1974) at Fégatéle
Bay, and three additianal Species were found outside the sanctuary. Although.
- no 6phiuroidé, or brittleétars, occurred on‘tréﬁsects in Fagatele Bay, the as
‘yet‘unidentified specimené we collected dﬁriﬁg frequent encounters in other
localities will add to the fewfréported from Samoa by Devaney (1974). |

The ’ﬁigh diversity of gaétropods in‘ the sa@ctuary is evident from a
éoﬁpariSOnyof,Tables 21 and 22. Of a total of 142 species of gastropods
collécted at 11 sites around Tutuilla, 61 species, or 437 of the total, were
aléo observed or collected in Fagatele Bay. An additional 36 specieé were
encouﬁtered‘ in Fégatele! Bay _but 'ﬁot eisewhere around thé island. When
"‘consideration is given té‘ the fact that/ all- sampling in VFagatele Bay was
conducted oﬁ h;rd subst;ates, the relative diversity of gastropods in the
sanctuary 1s even greater.‘

Paﬁterns of suécession amqng'corals {Colgan 1981; Pearson 1981) and algae

(Biggs and Eminson 1977) have been studied in soﬁe‘détail on reefs devastatqd

“by Aéanthaster planci, and some changes have been noted in fish communities

»
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(Endean 1973). However,‘ the effects ‘of ‘é,‘ planci infestations on the
population .structurel of benthic macroinvertebrate communities have  been
esscencially overlooked. |

Endean (1973) presumed that small organisms associated with corals
attacked by the A. planci were killed by the digestive enzymes released by the
starfish. .Sone areas of the Australian Great Barrier~Reef were characterized
by a msrked spread:of alcyonaceans following a lapse of'about two years after
an infestation (Endean and Stablum k1973; Endean 1976). Birkeland~ (1981)
related a report of increased abundance of herbivorous sea urchins following
an outbresk of A. planci in Palau before Wbrld War II. He further noted the
scarcity of urchins at the time of his survey |

It is likely that sUccessional changes among macroinvertebrates in

Fagatele Bay have taken place already. A previous study of the area reported

, extensive patches of a whitish sponge in depressions at depths between 15 and

30 feet (U.S. Arny Corps of Engineer 1980). Although a few isolated colonies
of a whitish sponge were observed during the present‘ study, none was
encountered in the srea surveyed on transects.

One‘ group of macroinvertebrstes was conspicuous by its absence in
Fagatele Bay. The Holothuroidea,r or sea cucumbers, comprise 'a major
constituent of the benthic fauna in many Pacific areas (Birkeland 1978 Intes
and Menou 1979; Grosenbsugh 1981) However, no holothurians occurred in the
1140—m~ area surveyed on‘transects in Fagatele Bay, nor were any sighted on
the reef adjacent to transects. | | |

Inventories’ofvreef faunas in other areas of Tutuila;have recorded a
number of holothurian species (Helfrich‘1975' u. S. Army Corps of Engineers
1980). Included among the holothurians reported from nearby Pala Lagoon was

Actinopyga, a genus that frequently inhabits the reef front. Although
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'Fégatele‘Bay would appear to provide suitable habitat for\Actinogzga,'none was

‘found. Reasons for the absence of holothurians in general, and this genus in‘

particular, at Fagate1e Bay are not known.

Without a point of reference, it is difficdlt to assess accurately any

changes that may be occurring within the macroinvertebfate'community as a -

result of devastatibn of the reef. However, with the present study as a
baseline, the Fagatele Bay marine sanctuary offers an important opportunity to

investigateuhypotheseé regarding changes in the macroinvertebfate community

/ .
during the 1late stages of recovery of the reef. The two predominant

invertebrate taxa‘that we found could have been inferred on the basis of
reports from other areas. It will contribute further to Ouf understanding of

biological disturbances on coral reefs if macroinvertebrates such as the soft

cofal Sinularia sp. and the urchin Echinometra mathael are monitored to
' measuyre any changes in their relative densities as the reef undergoes further

recovery.

Fishes

Fishes observed and counted on-transect and during subsequent 15-20

ninute searches are listed in Table 23 for the twelve 30-meter t:ansects:

conductedk within Fégatele kBay._ Table . 23 also '1ists additionmal species
observed within the bay dﬁrihgka general réconnaissance dive to 60 ft (18'm)f

A tot;l of 215'species was observed in the bay. Avefages of 25 species
and 221 individuals were observed per transect (60 mz). When the off-transect

fish (those additional species observed within 20 m of the transect line) are

included, the average number of spedies for. each area was 62.  Greatest.

diversity occu:réd at Transect 1-D conducted in the outer portion of the bay

near Steps Point at a depth of 40 ft ‘(12\‘m). AA total of 105 on-and

off~transect species were observed at this location.
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Predominant species were the ‘bristle-tooth 'eurgeonfish Ctenochaetus

~striatus (562  of the on-transect individuals), the damselfish

Plectroglyphidodon lacrymatus (7%), the eurgeonfish Acanthurus nigrofuscus

(4%), the wrasse Thalassoma,quincmevittatmn‘ (3%),  the 1lined surgeonfish

Acanthurus ‘lineatus (2%), the damselfish Chromis . vanderbilti (1%), the

damselfish ‘Pomacentrus Brachialis (1%), and the surgeonfish Acanthurus :

glaucogarieus (1%).

The overwhelming predominance of Ctenochaetus .gtriatus is somewhat

deceiving. The wvast majority of individuals censused were juveniles (about 3
inches !7-8 cml long) belonging to an exceptionally large yeéar class which had
recently settled out of ‘the plankton., Many individuels had shrunken sides and

frayed fins. Their unhealthy condition likely resulted in a wholesale dieoff

shortly after the survey was conducted. g} striatus was also foundlby the

author to be the most common and abundant'species in a very extensive survey

' of the nearshore waters of Tutuila consisting of sixty-three (63) 100-meter

transects- conducted over a period of 3 years. However, the species comprised
only about 11% of the on-transect fishes in that survey. A figure of that
magnitude is probably realistic fOr‘Fagatele Bay in the long term.

A comparison of the 12 transects by depth reveals an increase in species

,diversity with depth, ‘Average numbers of on-and off-tramsect species were:

' shallow-49, medium-63, and deep-70. Ctenochaetus striatus was clearly the

"predominant species at all ' three depths. However, ° Acanthurus lineatus,

. Stegastes fasciolatus and Thalassoma quinquevittatum were of second-order

predominance in the shallow depths while Plectroglyphidodon lacrymatus was

" the second most numerous species at 40 ft (12 m). Acanthurus nigrofuscus was

very common at all depths. B ‘ : .
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Compafisbn of the four ‘transects\ conducted aiong ’k the exposed outer
pbr\tion of the bay with the eight‘ transects cqnducted in the more sheltered
inner portions of the bay indicateé that spe;ies diversity is’greater in ‘the‘
exposed portion (average = 70 on-and‘ off-transect species) than in the
sheltered portion (average = 58 Species). However, fewer "indi‘viduals‘ were
k‘censu’sed in the exposed portion ,(average - 177') than in the éheltered poftion'

(average = 242), Thodgh clearly the "most numerous species in both areas,

'Cténochaetus striatus was significantly less prevalent in the exposed areas,
(where it comprised 33% of thé‘ individuals) than in sheltered areas (647 of

the indyividual‘s).‘ Thalassoma - quinquevittatum was ‘the second-most prevalent

species in exposed areas (9%) and Chromis vanderbilti was fourth (5%). In

sheltered areas, .Pleétroglyphido'don lacrymatus (9%) followed (C. striatus in

predominance. Acanthurus ‘nigrofuscus -and Staﬁlstes fasciolatus were common

and equally numerous in both areas.

56



P ] O 2 O €89 m . 0°L8-%°1 €rel 6'1T _ 09 syejol
- + . d 1+ N e e — = - L e
_ i | _
! ! 1 1 N . s
7 =i T ! 7 i 1 - - T oo _
06°c | 900 | 100 L 19°1 mwo (e o | - LT te 1 BIST1320 (*V) ei0doady
\ ' - L I R ! . T T )
06°¢ - 90 | 10°0 L9°T 11°0 (12 [0°0 m _ ‘ - 0y T SAYIUFSERY (V) e1odo1dy
. : cn ; i , i ] T
_ 0"y 81°0 : £0°0 £9°1 11°0 .» [49% 0°0 : - _ e “ 0°9 , T EPYTBA (°V) ®i0do1dy
. i S : ) ] = — ;
€87y 660 (10 | (9'1 { 1o | (e o0 - m - A L _Bouo30Io 7w eI6ydouphH
! i y ] [ ; : ! — .
9°¢ ) 18°1 _. 1€°0 | L9°'1 ] 11°0 “ Ltz Lo‘o ; - ! = _ S 81 T BI8Ngo1 (°y) eJodoidy
- T H - - - - et
8oL ! 19°0 . 100 £e"¢ _F €2°0 . 40"y £1°0 ol-g's ©TT 9 T BIPURTAWOD 83T FARY
" 1 , ! \ —1 b e e
8L , AN " 80°0 €e°e ! £€2°0 ~ LN €1°0 0°8-€°S _ . 6°1 ., L9 _ [4 1-ds (°y) ®©1odoray
S0 11 89°€ ) “ €9°0 .nh.m ‘t€T°0 90y €1°0 8°12-2°s1 Ly “ $°81 ” z . 128111918 ©jARg.
1 t frome ¢ e e e e
VLS S £€5°0 m - 60°0 00°¢S [} 12°9 0z0 6°9-6°¢ ! L1 _ %°S , € eainze (°V) uuonouu<
S — ! . - -
6L°11 85°0 | ot1°'o 00°S “l o 19 0z°0 $°8-6°¢ ¢z | 8's € 330> ©21)BEIUOR
e - . | - - i — RS )
96°t1 ot et 9°1 o e L0°o - - LA S AR | ®iaj7ama¥ (V) viodoidy -
B : , ' " : — " \ -
£6°02 _ 16°S - _ T10°1 u 19°9 9%°0 6£°8 {c'o €°62-0°6 10T i 791 4 Ixnopia miodoTT1o04
- — . H - 5 () N
H - ” ~ i - R S
£v-zz et ! 9z°1 " 19°9 94°0 6£°8 LA ) s.enxm.om\ L6 . 89T g Suv¥ats vi0doT1¥90d
- 1, - _ - - - 1 m ¥ - — I —
06°€T | xs ! 16°0 | £c°8 Ls°0 sz ot (11] m.cuuoi s oyt s SIaJTIFEFP (°V) eiodoxdy -
! ¥ - | - - g o
yT0% 6€°9T T | [X 0N § 16°0 [A KA ov'o . €°8y-%°7 1°6s1 6°11 8 . eT1Aqdkaed vioderiTn
. , i . — e . -
ey ! 88°6c ! 79°9 9°tT | 1o Ltz L0°0 - - [L0F2: 2 av1awied (V) viodoisy
! N o < . ; : . . i . .
6€°C9 | e T T EE€C 8277 1870 190 UTIT=E T% [ 81 , 0T ,£ - ®805niiaAn wiodoy{1904
_ _ _ -} " L - a— PR ’
) ~ M i s . At N
- | _ ; Lo _
. 13A0) : : T _
nyep. 3ua0a3aqd 19009 £3184U3Q (2 124d) Kouanbaag E (wd uj saalawerq Auo[o)) ! (33 07-91) = 9 ,
ajuelaode] JAFIN]IY Juad13g uZu,:S_ m:n..ua dATIRTY Ad>uanbaxg UoOTINQFIIRT( - AZTS __ 1 I0asuea] :Leg arajefey
B¢ 31991
. _ .

57



' thﬁ.u—-i

lhomﬂ.— 1 w:

.q¢ 214991

) AL 0°0T wys-sv'z s1'g €8, 07 eTeI0L
h " | ) \ ; Lil._-lulll.,.-
e e : | _ i S .
68°S __ 61°0 | 70°0 m (34 €T°0 Tt 1°0 m _~ lgy-¢ " - T _ 338 £121 ] uo.unu;um
80°9 m 8€°0 _ %0°0 (34 ST°0 Tt 10 ” 85"y m 1 _ TreqIIee wfASd
01'9 ' @0 1 500 _ sz $z°0 z°€ 10 __ s ot %ﬂsrmﬂdﬂ
ey o | e0c0 | sz <z°0 z°¢ 1°0 . s |1’ #InT (*3) $eI70d
<8°9 m ST | 2o “ 5z sz°0 '€ ' “ . it by T L T
v6'9 wr o ET0 st z°o ze o | g 8 t  wm
19°¢ “ 61 ! 2o m, 14 20 T'e 10 : . ot | ql“ STIE ST
7 Tegee _ STE m €€°0 “ sz sz°0 e " 1o il “ v ég
10°01 N w1 | ero . 0°s 0s°0 € 1°0 SLULT6S 62T v8'9 _ z ! SEnToS VIRIRITOEGS
T et 90 __ '80°0 | 0°s 050 <9 z°0 S, 10 'y __ z 1-ds $35I50T595)
T X 61z _ €20 m 0°¢ 0570 $°9. 20 n«.oTS.nm sy | 169 | 2 : T SIS VSTIRIOON
L1yt _ 97 _ 82°0 m 0°c 0570 ‘n.c 0 aw.waae.w.m 0 : 6y°8 m T, snipuyoeky (V) wiodoidy
1€°62 16°€ _ 19°0 m szt ¢zt 6°21 %0 %6°L-Y . 90°1 . Nn.,.o _. S N u.“n::u«u-nm..o.onq:u
20°T€ o'zt " o«.ﬂ_ szt szt $°9 z'0 ot-8 | (¢ | 6ot , s vujipavem 93090717500
18°1¢ _ L6°8 v60 | ~0°ot 00°1 6zt vo S.E-S;M Uy | seot = Jinopke ﬂm..nmom_ﬁe.
vE“6E M e | oveo “ 0°0z 00°Z 3 50 :.TQ.NM i1 _ 8E'y _”“  g-ds (-3) e
€9 | ve'ss i 08°S -0°s 05°0 e To [zztes-ove:  e8'se | veszl g i , 3
: : : AR & .
] R
- INTBA u:““”.“w. 393A0) .,nu.—ncon. (7w 334d) Kouanbaiyg (w> uy muu,uu..i:_ Auot0)) Amwu.“w:"n.ﬂ B Cg—
PousiIiodul JATIBTIYN WD IATIBTIH Jjeuaqg IATiIeTaY Kouanbaig UOTINQTRIS K} Azys #

58



_ L e9con! : v-01 \ 86°97-TT)  v0's 1 gZ°01 Ty steaoL
_ e ” T
“ 1 b [} _—— e ——— i
| | m | —
s m 0 m 00°0 " vz sT°0 T 1'0 _ R w s70d5TT750d
- 4 | JSS— -—
99°S " 950 I 90%0 m vz ¢t'0 i L'z T 100 ) _ : gv°s _ 1 “ ,!._l...oo,uoeuu:«ouou
] 99's . _ 950 _ 90°0 _ vz sz°o N2 0 . 1. 8v'¢ ” T FTeyIdew oTAB4 |
szt m STz ,_. €z°0 _ L 2 sz'o. ot 0 ' _ ! 80T 1 . !.nl.u.,..u, _.:,5_
60°TT 66°S %90 _ vz sz I 10 | | Tt o1 -ltm_mﬂh-wh%
921 90°C i 2o ; 6Y 1570 LAl 0 |vste-tyy LoesTe _‘ 10°¢L N-,w B Smﬂ wyRed
T e _ €Y m 9v°0 m "6y 15°0 KX z°0 WL sy “ otz . . gd.oloﬂﬂ.
o .,onwoa. “ 66°S _ v9°0 _ _ 6y 1670 v's z°0 £8°91-0T:  9¥°¢ “ 3.2“‘ 7 | STEcjiieIeid A..U uuo‘a.-omﬂ;
8l S.w " o.o,m €L 9,70 LA o 6°8-6"Y _ €9y ” €E°6 N 7 *ds (-J) $a3130q
T -.S..: : 60°€ | €€°0 " €L 9L°0 T8 "0 6%°6-8Y"S &.N " :l ' CFFLE) ww:us_.s.
ST6T | € | v “ €t 9,0 R €0 |oLvey €9°¢ “1 9L “ ¢ R Wt (-3) #iTIod
€ro6T | gy | v €t -9L°0 ' o leortie. ez | wes | ¢ omumet (-v) viedenw
86 “€€ . i co.n. .“ Nc.o;__ tA%A S 1 L. SET (3] L ST-Ly'Yy . vy " €1°8 _. s 1.-ds uouu.l.nauuro
6v'EE | w0l .t | zen TR ~geot vo  lzvtigvs| wie . 120t e ﬂmqmmmﬂwumﬂm.& .
get 9°¢e _ T 86 ot |- vs AU TR TR T To I R TIod7I0oR
Loy _ oz Tt ” ve T vor ML LA B m v “Yanopke $10801TF90d
—_ - i ! )— —_ N .
) 1 . " S “ w h. z_ .
u:~r> ucwwnww : \..o’ou au,«m..on (2% 13d) Kouanbaag ?.o.:« m..ﬂ!..f: »:Q-o:.w m (33 o) ® 2 ’
souvazodw] aajaeTay | U1 aajaIvTay I18UaQ JATIE[ Y Lauanbazy uoTanQrIsIA A7 _ 1 2o9sue1y :4eq dTdIeed
- o 3¢ 2198l
- o < 0 \

59



» - " -
L
. S 61°L [ Lot Ls y'9 09 ; steaoy
- 57— 20°0 . .—dcj 14281 FAS) 147 oo _ _ L or “ldl..nm.ill »!.u_wlﬂuﬂou:uo.—
: | - .- .
= 00°S ot 0 _ %00°0 _ 9°1 Zt°o et £0°0 - | - 07, 1T ,_ 1 *ds Seqaseydly
S m w0 | W0 Mw TH AR tee 1070 RN m R mal N -w:,mauﬂ
%9'c | TR _r to'o w 4003 zro €e°e L0°0 - _ - Jes v ﬂﬂmazaa!..,‘.
B < 1 - _ 560 _ L2 B 79571 EA ) TTe S(.o - _ - ”_ 59 . 1 _ 9 vii0ide
TS ” LT S 0’0 _ £9°1 o €z ¢ Lo T - 69 “ ﬁ...w 1T Tadaey FTTRd550T
L 0 “_ 00 _7 T3 ﬂ‘.o £2°¢ £0°0 o'y 0zl 0'¢ _ ! sjivInoe A.mv,.lduﬂm
Eai 2 3 a‘ _ 1328 ” BT'D M 19°1 FAN nN.n 100 - __ - , N.& _ , ﬁ. _ m.w&lﬁmwd .ﬂwmﬂmﬂ
0ot m §1°¢C - U “1 n,e.n, r4 1) [¥ A% ‘o - - 191 . 1 uaoa:a.—»um_ﬂurw.-&«uuo:
B LR s L R L A5 K - N I BN
T et _ TR m 01°0 et 20 66°S €1°0 €L -6'9) g0 | 11 . z O TLELFFEYY :w..low:uo._
LTALT _ 86°1 __ 80°0 h 00°g 9£°0 s 0z'0 6°c yc.Nm_. 60 62 ” € cﬂ:aku..‘d.ms..w-ru.._o._
lll.ldnd._.!rllldﬂd { z0'0 | £9°9 8%°0 zT°6 0zo | e -ﬁf, %0 T o8 -ulu-,m.:ﬂgnlilﬂ.ﬂmm
Ty —BCOT _. 770 00°¢S %0 €2 S.o, a.cN-c.N__ s ot _ e m € CETTR OF)) m’».u.u-om\
9891 . £9°01 0 to “ \ 00°S 9t°0 €z°¢ £0°0 9'91-s's! 9 | ¢11 e SFET (3) BITIET
o Er M oAk " §0°0 .T 00°ST 80°T TR z'o 6y ..e.um 01 m e . mo 7 "ds ("D w70
ITBIT, A4 {4 _ 7 ” S‘.J 66°¢C (N7 €50 £-1z-o1! Y “ sz # (°§) WI7303
- - - : L .
| . L. ;m - -
193803 | : . = :
,ou:.u.””w“” owﬂ””“”u ucuuwww, onwwu_ﬁ.“ns ( “u“.o.uw_. »MMN””“ »,u.,.usvw; 2 :.«_o”“”w.”uu.““_._?aw“ww — . Muwumwe“u.“ : Kug ua,»u-.u-m
~ ’ Pe °Ta%

60



woanze

(V) vaodoisy

:Kkeg ateIvley

‘eg 91avL

50°% 91°0 i 700°0 | 191 £0°0 0z°2 200 - - e B (
o wy 06°0 1 10°0 1l & ....e.e (1744 _ 10°0 A " - 59 o @.ﬂ%
T w 06°0 j 10°0 L9°1 £0°0 0z°7 _ 10°0 - ._ - ! L9 _ 1 nuluo:,uou‘-ou.u.w::oe
ey @o.o m 10°0 19°1 £d0 02 L0 - “T - 1os 11 _ s1jeaiad A.ﬂv,ﬂ.n._ow...uuu<
"L9°S " 08°1 v z0°0 “ ’ S_.—, 3 £0°0 0T 10°0 - “ - 26 _ 1 ” Xepioe -uo..m.a‘:.uum
+ | T — e -y h
L9°s n 08"t . 20°0 w 9t £0°0 oz’ £0°0 - _ o vs " T sni (°8) ..w.:.:&
: 9% m 081 | w00 9°1 £0°0 0Tz £0°0 - _ - $°6 _ 1 . syeue T va0s .u.”.mou:oc
£9’s ” 8_ . o _ L9°1 £0°0 0zz 20°0 -0 - 08 _ 1 - A (& mwu.._,&oui
95’9 . 69°Z " £0°0 “. L9°1 £0°0 0zt £0°0 - _ - sot |1 . TrpPadwsg 3:.,»...._2_%_
ST T8 m 69°Z m ; me.o, w hw.— £0°0 oz'e | 10°0 - ' - y-ol m-—.tx.m L FiajTmaas Aﬂv Juomlg
‘,ov.n . 65°S _ ¥0°0 w L9t £0°0 0z°T .20°0 - - £zt ; 1 . uugnwgwlwo«umwum
T T e T " $0°0 _ 9°1 £0°0 0rz 0o - - sest . -u,u,..u -wuuwuucox
R 4 T 060 _ 10°0 _ 199 v1°o 62°9 wz'o ss-vtl 60 19z v wIEET TTRR0OTAIS
8L _ $2°9. | 1070 R 00°0t 0z°0 0s°8 Lo c.n-n.vm £°1 r9 _ -9 ¥80oRIT3A nuo&o.-:uom
Wit " s | 900 m L9° 11 sz°0 8£°01 ££°0 £ §1-0° _ vy |1y L TiToyo19e .uﬂ.am_lmsl..
Tz 62 " $T°L " ~80°0 w_ o sz:0 501 ££°0 ‘m.=-o.~m £5 0 o#s " L tds m.w:-o:.s._
%% A “ e | 00°S - or°0 6Z°9 . 0z°o 6'5z-6'9'  z'ot _ £ . £ | weoregm 30031 TTH
TR “ ‘:.2, _ P " S T (50 8Ly Lr'o m.a-'.um 0°2 . 9 . u.o .ﬁ:._ov.-uuwu-io
18°SS ._ no 92 - 62°0 _ —00"3T 05°0 8L Lro m.ca-'.um m.m. m L6 _" 6 “ sTHiojyasIead (*1) vlodoisy
m_ — NEERIESE)
19A0) ) ) o
R v et - ,&m— aﬁﬁ__ Growta | W] s | e s * Gt
|

61



-
- -
. n
T %02 ‘ 6°sz0° 'y 0°L eTe30L
0y 81°0 200°0 9°1 £0°0 ot'e 10°0 = = L x4 Fiouyos[e BX0IFIUON
, “ s A ,
. (301 wg L
.© 29A02) . . . ) 7 3J9sueil Aeg areieldeq
anyeA U313y 13A0) Kagsuag | (pw uo\.:. Kduenbaag (w2 uy sa3lI~weeq Kuoya)) . , .
EYSRLIL)] U313y IATIBT Y mHimcan angle(ay Kouanbaag uorINqQEAISIo - PZTS of °@1qu)

uo:nuuonﬂu

62



CELY 80 10°0 09°1, ¥0°0 et L0°0 - - 0°9 1 _ e79Kiqd 8710397
. : —— . -
) ¥8°0 10°0 19°1 %0°0 we 00 - = 0's |1 e B 0 BLE L CLE
Ls°s 89°T . 20°0. 9°1 %0°0 [ Z 2 4 L0°0 - bo- o't i1 snqIuoeky (V) $i0doidy
9 ({444 t0°0 91 %00 e 70°0 - - oot |1 L 1 *de SIGITIU0R
A 89't 20°0 €e’e 80°0 we 10%0 . L°s-6°¢ et ey T susdars ©i0doT1190d
CTAL] v8°0 Jo-0 LA 8070 L tro B°€-6°E 0°0 6°¢ [4 1 *ds ¥a€I€UTIS0)
mo.w v0°S 90°0 9°1 %0°0 et h.c.o - = T T Txnopia ev10do11}004
1124 I {14 5070 51 700 T 70°0 = = | oet |- 1 ~ds vuoRey
96°6 - - “T8°T €0°0 - €t .80°0 ey £1°o 6°L-9°Y €°7 €9 4 gynua3 ©a0do3dV
s Lt 80°01 i1°o £€°¢€ 80°0 ey €1°0 0°91-8°21 8'0’ ver |z v1a3 73781 (V) ¥Xodoady
et 62°91 11°o 19°1 %0°0 22'2 to%o - - e TTiiaquelys 816d1au0)
<881 444 €0°0 00T sT°0 €9 0z°0- §°c-y°1 81 6°'¢ 9 7 ds (*J) ®a37304
TR T TR0 —T 70 722 00 | 09107 19 901 | ¢ T §3eueiduos B9I7AS
€L°61 To%°8 (18] 00°S €1°0 t€°9 \ou.o o°t1-8°8| . T1°1 6°6 t SJE303F193€15 (°T) wiodoidy
L1442 88°¢ 10°0 £€°8 12°0 58 o 6'8-0°€ |  9°2 09 s STAUTNO7IeY] vexe(ED |
79 4L ~ i’y $0°0 00°01 <2°0 9901 [{1] 0°8-0°1 €z | sy 9 L. ¥80on11sA ©30dOTTII04
t1 8 sl 81°0 £9°9 Lo £Ln9 0z°o 0°91-0°L Ty ortt | v SjWi0j7391 waiiserucy
€62 'S 90°0 911 62°0 99°Z1 1%°0 0| v | e |t veinze ('V) ¥iodoiny
e ZE "¥8°0 10°0 9°91 w0 L8°y1 9°0 6°€-0°1] 60 | 81 o1 Tjvmiv w{[eTua030143s
"o s | A N
. : (3391)w g
: N ! 7 1o9suea) - Aeqg aaiedei
© 3IA0) : o , R
anyeA 3039124 13400 L11sung (2w 133) Kauanbaayg (uo vy RaAIMWCIQ »:o_”?.,.. 3€ 91981
asurIrodu]l anpac(2y 122134 aAaranIay Laysuag anyiv(ay Kauanbai g UoTIngqiAiEta - ~2IS ; ) e
g _ [}
{
. iy -«
£ e

63



- e——

‘ 61°1 .. 6%°C L rttot s'y | €°9 09 LALE L) 3
€Ly v8°0 10°0 9°1 %0°0 T ~L0°0 - - - $°9 1 Fii9y2328 ®I0d011¥90d
. : ] 5 A N
- (33 91) w'g
10A0) , ) , -~ ] ,
antep IUINIIY 23A0) Kaysuag (zw 13g) Aduenbaay o (w2 uy raeI~uriq x:oguv ¢ Ioesue1y - Aeg oﬁom-u-h
souglaodul YN ETIEY RITEEREF _aATIETIY M:a:un dAfre(3y au:u:ﬁeu.._ UojInqIAISI(  P2§S : ' : 4

¥ 219w

64

\



1T 912-$" 1

| € _ (997 88°81 oy stei0L
- CLETYy | . « L9” st oy W™
\ i - . ‘ - -ds suoamq
O e o | e 1 £
: o~ ' o00 ! ¢z 80’0 €°c , e
o — : ' . i 9p-¢ 1 $0UODGIITH uuop_ao_.va:
8° 0’0 | T0°0 (34 80°0 L X LY . “ e
ws 0 _ ‘ . _ : i . soteTTTE
8's | w0 1| 100 | sz 80°0 €ee o SR et Y N
_ “ , : . [ 1°0 i 18 [ BS0ON1IIA uuowo—:uo%
' — - . . , d R e
%S | 90°0 v0°0 1354 80°0 \ : L
! | i . > . ! 8 N ¢ eiaBj{nuue ©aI3SBIUCH
%8s | 900 , %0 | §°z 800 € ro : A -
— - _ 3 . . 1°0 _ 8- U ! FIeITavTeIP (V) wiodoIdy
S 900 | %v0'0 | €z, 80°0 £t | ; S —
® ! | : “ ' “Ven-g _ vujapuses s30d011150d
. : 4 - - ;
. ‘0o ' o 194 1 80°0 €€ ro : _ SN E——
bl bkl ; - i ' xnopha -uomo:«uom
4 . | o1 1. .— P
ears 600 : %0 S 80°0 € o : T ——
= ; : : " €€ 10 ' [T CHEI S ¢=¢uo~0 82000111904
T ‘0 i sU0 sz 80°0 . ; : ‘ ofoTt
£0°9 LAl I ._ . - o _ lertz ! 1 . B T F
T Tz “'0 i €0 -] 62 80°0 et . | e L
: ! - E - pr>” 10 ; 1 26°82 T s1ads® PTTTAydourypl
9 . ‘0 o sz go’o — b i DU
[ 2 s9 ,_. ; s . - 2801 sy Lt ' $501T9WEE (-) IoEeIOY
T XY SL'0 T 0°S {10 €€ ) 10 1°52-8°6; _ _ ) , ) .
: , : L ; 03 VilH 79 0 z e ﬁ_ €0 L't T saInt (°3) $9ITIod
Tr . . 00’0 i ) R .- X
\ i i _ n (1o L9 z'o 9 -18°¢"  1§°1 h w6y ' T N1 (voeivukg) #33710d
: : : I €00 | 0's : . . . I . o
o “ oo . - “ 80°0 ﬁ.n. 1'0 | 16718 . 8711900 (°V) ®iodoxdy
DI 4 [13] A B sz - R : — : e
. . : “ ‘z°0 .:.elmm.ﬁm 19°2 \ 16°¢ € snuIdRAy A.S, 810d01dY
. i . ] . ‘L sz°0 L9 ! v e
el S = _ - . -t 18°% £6°9 € . SURT3IBA WuoA®d
- . K . . . sZ°0 ot . €0 - B R . . -
9L (o o _ st P RS S R -ds (-3) T9ITI0d
4 . . * c- § . ' i
€6 vi'o i 6070 13844 sL*0 L9t $°0 | - =t i
_ ' . €0 [tz yrz-€L'v  zotTol | 19°€9 1 L uTesjInsITy elodouyipg
; b oszees. s Ll 85°0 ot ! bl ¢
%0°811 _ $6°06 : ' L " , I— " _ " i
s g ' | a .
i m _ { i . -t
|
. (3 E)®6
‘ ‘ uy s1a3nwe g Lua19)) :keg ayaIeBed
e 1940) s:m:un (z® 13d) KLouanbaiy fouanbaig (w .ﬁ.oqu:ﬁ:.n.:._ ETTTS ¢ 9susL iheg 1
anteA Juao1ed ua21324 2aTIRIdY Iysuaq aayIeT3Y ou ! ! P—
asuwiaode] 0>duﬂ.—0¢ 3 ) | *

65



. . * .
88°0 857 SLEl-17°1 t 7 ¢ T s{eI0L
9 0 00°0 L2 10°0 €c 1°0 ) z 1 w1 (°5) §991304
y1°L il 10°0 Lz £0°0 €°¢ 10 J97°€-96"C €10 90°'¢ z - STAVINOTO6¥] wexeT®DH
1L AR 10°0 Lz L0°0 £'€ 1'o e 97t 1 ) sy (+3) PIIeT
9L 91l 10°0 LT Lo°o £ 1'o ) 1 6U20891qVT¥ wTT1Aqdng
Lz Lz z20°'0 L .L0°0 | €€ 1§} 62°S 1 S717900 (V) wI0doidy
91°€l y1°1 10°0 v 91°0 9°9 z'0 1143 1 wivNie %ﬁﬂﬂﬂ
1€l 91"l 10°0. v'g .: "0 9°9 20 |ove-191 gyl 'z (4 sJeI037391 VeTiEETees
IRl 1A% 20°0 Y's 9170 L9 0 leys-zce "l 9%y 4 TTT9yo398 v30doTT17130d
17°S1 19°¢ £0°0. . v v1°0 L9 270 |evever | - zeve wy z sT9GYd ¥§303d9
$9°91 sS°y v0°0 v'g "0 L9 20 |wre-toe §9°2 $S°§ e | VSINAINY $3138vIde]
$9°91 ss°y %0°0° v 91°0 L9 o €6°9-Lv°Y 9t s T WISFTITHTP (°V) $I0d0I5V
9t L1 9t 11 01°0 . N.N £0°0 €°¢ 1°0 sttt 1 JXnopAe wiodorTivod
61°12 60°6 80°0 s 910 L9 .0 Peror-zc9 10°¢ sv's | 2 #Ins veiTeeTaoR
965 98°€Z 12°0 v's y1°0 L9 zo fr1-ot-eve £7°0 86 z Tpion vIoydoTIs
<1001 $6°2¢ 62°0 s oy ¥0°1 L9z 80 -z - fowes 19 GUGTIUA WUOARQ
. l -5 A N ’
- .
19A0) ‘ - . T Auu,ocw uu“-M“wr - Keg tuouquqm
anfep 0213y : 19A0D Kaysuag Awe aad) “ Kauanbaag ) , : (mo :EH.?..':.M.:..»I:.@».H.‘:. . ' -
2oumliodw] aAjIe[ay. | ‘Ivadaagd dAjINiay K1ysuag angIne|ay Aauanbaay YR Y BEXES

ye arqel

66



, “ _ “8T°SY m e 6-96-0"1' 9°1¢ {w'v1 WS o —rrey ‘
e — -
) { : i .. s
.lS..e ! \86 10°0 . £9°1 s1°0 - e 20°0 _ - _ - S°€ “|~i R -um_.,.n..h._v...ubnzau._‘
WS _ 2o | oo 9t ) (e 00 | - _ - lew n : ml..qwul.l FTosomva
= €8S __ 69°0 ” 1€°0 m 191 ST°0 e £0°0 - - “ o.“od‘ “ T . -:ﬁibmun cuomu:.E
~ Iod 9 “ 97°1 _ Ls°0 m ) N.w.a nd.o, Le L0°0 - - _ n.uw _|~f|. , ._i:o_.mu u.ulonoz.«uo._.
oot “ 21 _1 ss°0 _ cee £ 0 (1'e 10°0 0°1z-2'v { 6°11 _ ozt T - aw -w:au,u.ao:
o eve o we o o0U0 m e 0£°0 88°S €10 68-vz, 9y LS z 3 ST (D) el
@6 | w0 ! &0 _ €e°t LX) 88°S €1°0 CEr-6L i 0 Lot ” : vsooni1eA viodoT1y90d
TR A S ) . o m 199 19°0 88°s €ro ge-0T: T ler oy “wyewav FTTeTRR00LATS
68°%% _ vy | %6t _ e 90 et z'o .,..nn.a.nw eTt LS _ T (-§) 9708
16°1L% .“ 'y L_ 3 B 4 _ €e'8 9L°0 €6°91 €€°0 . groe-yzl 911 " rest _-,n _ Nﬂa«mﬂw A.Mv. -ru«-om,
. T8°SS m e 1 _ $S°0 £€°€C  s0'¢ e 0 Q.NTo.Nm s Wﬂe I.wl , z *ds (*D +o37i53
96°621 , 61°<8 . 69°8€E ._ " 19°92 vz ,, 01°81 ov'o a.ghq.ﬁ 0°%¢ 133 (3 m 9T -u-,u.igz....,.-,_.?-._
aneA u__““n“w_ 13A0) Kygswaq (7% u‘rmu. Aoduanbaayg , N (w2 uy sa3rauegq m.l_munpo.w | 3e)e1 -
2suwizodu] JATIOIIY Juadzdg _IApINTNY Jysuaq anyiB(ay Kouanbaagy uoTINQTAISIG azis __ € 339suBaL’ uhun,uuuucncm
7€ o198l
= »

67



fe oTqel

’ [ ] » .
e . N -
i 2975z | ot €2 600t 98 | 8 | % . e
' ' L - . : . .
—m e e = H '
_ “ I | b
T0°9 . 60°T _ 8z 0 ' 19°1 6£°0 9z°¢ L0°0 - ! - $°6 ; T “Sjiegnojose] BIXE[en
T Ts9%g et " v9°0 t9°1 6€°0 9°c 10°0 - - ozt ' T . 1 -ds Ticooameeg
- . N 1 B N " [ p—— 1. - . N
[43y3 ! 61°2 _ 9¢°0 m L9°1 6€°0 9T°¢t Lo°0 - - [ 4 SR ejeynoj1ed wiodTIVOH
N g m ] f - . .-
—— R - - ’ i i | .
€St 92 “ L9°0 L9°1 6£°0 9z°¢c . 0o =70 - 891 X | S ®19373187p eaodoioy
— 0s°LT ' LS°TT. | e 91T 6€°0 92°'¢t - L0°0 - _. - vz, 1 _ @JEITICATP PUOAR]
N n 4 . . | } 1 f - S
€6°12 w Ty \ 61 | £e°s 96°1 SE°ST €EE'0 | 0'TT-0'C _ L'e 8L ' S TIT13y2328 8I0doT[T204d
X H ! : ; . S, : -
TLLe : 9%°'0 .o | 00°ST 05°¢ 98°12 - Ly'0 Se-0°T ! T'T 0 9% 6  jemde P[[9]U20007AIS
! ‘ . : ] \ el ——-
I : ' ppermg : : [ B ;
00°ts m t9°9y 1 68711 , €e°e 9’0 92°¢ 100 6°09-0°9T! T°ee e, T wjvuwdEo) GIT1FAR]
! } 1. ] -
~1 (| . T ] R : - -
9 9cT - €8 i STt . 00°S9 ST ST 9Ly €6°0 C0TLT-0°T 9'c , 69 w z *ds (*d) $237304
. N M . I 1 - N .
—_ = M | S P ‘A _
m | : o2
13n0 : . ‘ K . -
anTeA u:uo.—uw— 19A0) ~ Kaysuag (2 23d) Lauanbaay (w2 uf siadamryq ?353 aMuuwwruM sheg 9970ea
ouvlI0dui] IATIETIY i PUTEFLF | afIeIIy | ~Aljsuaq “AIATILTIY K>uanbaay UoTANQYNIR EET TS

68



B} m “ PO |- vstee s, T e, o | steaor ‘
T m. T evo g0 | o1 85°0 96° oo - “ oy 1 . s () S
TR 2o ! 19°1 85°0 86°2 00 - - 0t ot 1" ds ¥Io5omEeg
T TR | 60 m 19°1 8570 8672 20°0 - - “ 08 _%.ﬁ i Syuscded A.s P e
T . R _ $9°0 _ 191 85°0 86°Z oo - - 66 l\_ T .a_:on ﬂmﬂmﬂmm
Tt G I ee0 | GG STt €s°s ~ €10 €85 € “ 09 ' 2 $E0INIIoA TdeTTT50d
T Toeet . e 1 eso t €e | STt £5°S €10 oT-ge. 9T | 66 1 2 SAI0TIeAY (V) FI0dOTIV
YL Tz _ €y 91 " £6°1 m €e’e ST°1 86°2 wo.o o,.aac_a.mw 8'6 . 621 _ ;N . n:lou (V) wiodoidy
$9°9¢ _ sz o+ e | €e°¢ stT | 86z 10%0 : h.a-e.s” ozt €l wIng A.mﬁwsﬁom
61°18 m ST L __ v8'0 _ 00°0y 1N S R G 080 o.n-o;m 1 Lo LD -:o«_.wn..owﬁ,,bm
1 A<1) B tv°8z . ve'e “ 00°0% 181 Z0° L€ L8°0 ._.?N.,N_“ s 1 ” L7 7ds (-3) "eI1304
3 o D
‘1380) - 0T -R3aIome( Kuotor | 9T} =g
uu:quu“w_"n u”.«.””““n ‘ u..““n”w— o»““uﬂwn ¢ “ﬁunuw_ »wn””””“w_ Kauanbaay e ....d_o”w,:w:.._u._h.__: Hu._vm m An 1o9sue1) :eq eraIeded
: ; ) ' ‘% 91qeL
i = - iy . .

69



v
. - - ,//
. [ ez ! €6 | S6-01-2z'T1' €T | EU'S L€ ster0L
! . i SR : . e s
. . —— e w - ,m ! Pon s -
. I
[ . 4 _ + - W } - .
. - 1 ) -
o . ] - . : ! i ' .= L -
- 18°6- - , 19°C ;900 i [/ §T°0 Ty 1°0 : ‘ s 't 919373185 P-(°V) waodo1o>y
! - | 3 H I i cem e
- ' , : I
, 6L €T : 6€°L ! (o ' 18 SL°0 t°8 T°0 na.ouna.mn [755 ST A X € SYAETNOJO6E] BaxsIE)
- ! . - i E - > — 1 m —_— —_—
1€°92 1 15354 S 62°0. “ 9°S ~0S°0 €8s T°0 s6°or-8y°si  (8°¢ g . T eaodyiucH
_ cocgy e .- 120 | 6°8T tZA O 80z $°0 o o9-gytz, 1T TR L z *ds (-3) FITIcd
! - . . . . T, . J ——_—— 1 .
L g H N g R R [} N -
were '€z | €570 L e e et o os0 | emm et oy poer vy (*3) $I0a
- R - ! . B E - I~ ! - i ' .
2666 S gzey 1 w0t o L'62 78 34 9°0 ot-¢ | €9°C ; €9 . T : SUVTIPA WUOARJ
N 1 - " N - s i ~ [P - 9 B N
: ; i . n s AN
| _ _" [ SRR _
- ~ - ]
190D | . . . ) o : ‘ ! :
onteA JUdD23d A9A0) Kigsuaq | (7w 23d) - Kouanbaay (wd> uf sadymuey( Auaron) ] Q3 06) "W 6
L 9surIiodu] ATIN[IY ua3194 Aoy 1gsuag aaTielay K>uanbaiy uoTanqriIsIl - 221§ . £ osusal :Leg Ireredey
; « ‘ , : S , R S (X1




e7830]

-umuzi

Y) 'uoaOumﬂ.

#1180 NwY

9i0do11700g

.

¢ -de ¥ioawg

SUETIPA GUOATJ

} I g0 _ (5 L 6 YT-96'T  T0°'E s oy
4 i do ] ’
' . _ o ! .
. 4 } I [ ) OO
! 4 ! P \_, . t )
- i m b . - I et gt i e L
ss. . 0 ; 000 sz 50°0 € o ! et
PR . 1 ; . . \ . -
8L°9 i 8z 1 “ 10°0 m $°z 50°0 3 10 ) m vy ' T Sqe kg (o
90°8 “ 952 I Toro ¢ sz €0°0 3 10" : I VAL T
i H — - 1 { = d D T e
B (3 1 SRR (2 [ s0'0 V sz S0°0 3 T'0 , _ n T
B 7 3 G B _ €0'0 . T 60°0 ) 70 S -5 el | g9 z STIRTTI VeTeD
. . 4 ) { 2 : - - !
Tt . 9701 | 800 ST <0°0 € 10 ; _ eyt T vuyapiees vIodeTTIo00
~ J. . L H . 1, e—a
——— H N . e . . | » - N )
s6'sc : s8't | ¢goo | o1 810 T v'o 8y L-v6'T, 9viz | T6°¢ v #9IT (*3) 5991363
B I3 ) 1 1 ‘ .
7 + - T g " T = |
{3 TR 19°9 s0'0 | ot -81°0 - 12t v'0 AR TAL TR 1 50 SEENEN T M SRR
s . ) ) e —in PUTT
@] 13 A T ¥0'0 | ST €0 A1 S0 86°S-S°T. - €9°T - 8¢°¢ L. z "ds (*J) ®aIfi0g
I J - [ 0 i :
€S | €2°6T : <10 {3 v9°0 € ot 1 911927z, LT - €8°Y
. ” ) N . u . . ! .
trsg | €0°1y |, ze'0 ! 3 ¥9°0 1°6 €0 3.2-:.2 te vt Sus¥a1a v10doT11904
- 1 . . N
. . ” ! noo s . A
_ pasy
_ - ) i A B
2IAO0; '
INTUA ucuuuuw " 13A0) Kiysuag | (,@ 134) Kaouanbaiy X (u> ug saazamejq Anon)) Aum mwwcﬂnwm S
suwazodu] ELY21LAE L 3Udd134 IATIETIY I Fsuvaq aaylelay Aduanbaay UoOTINQ EIIS 1( EXTXS al
'

w aTqelL

i
~



ug o1q%L

bt [
m _ 09°9 . v8°8 _ e.oN.m.ﬁ. 9y | 981 sto
. ¥ _ T ] | | T =
. H ] ) ! H 1

] ! | | o L .
9%l o i zoo i . et 82°0 €'y o _1 oo T SiEeT () TIedoTsy
. 118 ) sy’ €00 _ e 82°0 €'y 1. : ! A . wiojymmesd Aiﬁ.dﬂl.
. . 19°0 " ‘.,3.9 _. ‘z.u.n . T ez°0 tcy , 0 " .-Ilw. <y _ A T -ds AMu TR
T T ere i wT oo m ere | 9820 €s°y o | 69 “ T 8033!15.&..%%% ;
s,_.: %01 | 10°0 sZ°9 $5°0 €'y o | 90y , ve Ty 2 wan -95.8.5:
T Tt we | w0 ! 529 $5°0 €Sty o | w89 1 m e z . e () Ty
T e '€ i sT'o $z°9. ss0 €Sy 1o | 760 ve. e bt TTHI0F 7363 VeIIERTOD
T e 6L€T | 160 (e 82°0 €5y o _ " .on“ T TITTaten Saodrauon
T e st | 660 §z°9 $5'0 gy | IO ouToEL 8T §oost 2 veaniv (+V) waodozoy
eter i ol 052t o1t 06 @o | sz, oy |6 Ty _ :—o._o,u.s L..ao:_oe
" 99°6€ ; ot 690 | €9°1 8e°1 8s°CT wo | erorzty | LT 9t .!-xml-l :.::.o_on.u T L)
| T R T TR R . 86 €80 8s°€1 ﬂdl.lniﬂun.d €T 1 S € radczjaeneas (1) wioden
| S.S, av°e 7T 1 ” TR €61 socz | 9°0 | o m‘_é._« _ v . ve m L _ Ttooniien & I.ﬂ..::o&

_ L . I .; i i
, — R I L R
1280 ’ - A .

.. 3 e ’ ] e e e ’ (o sy mimamie oo1n) ‘ il céoy orontng

72



e — e e e

N ez 0z's M ! TS0z s¥ [ve “ee T T smeey
e i : 4 ! : : i Vit s e -
_ _ w | W _ L ‘.
] _ | | m o o
Mn.w “ 90 _ 100 " L9t S0°0 _ o-.,n L0°0 n - - w 6°S _ 1 H‘l.. SISV [dNOD SeITARY
- wr “ 16°0 f zo0°o m ,...ox s0°0 = 61°2 100 " - _ To- s _ . -; %-..813 Jaww.“i.u
69°s m £9°1 _ v0°0 : L9°1 $0°0 61°2 00 “. . n o.2,,.nl.-.. ll..mmw_..l._owua.u:o&..#
s T P so'0 61°z 200 - - 66 , 1 VIl (V) Sedes
5L " _S9°% Jo.e w . ,no.u, s0'0 () 44 4 - - L0%0 - _ - _ m...n— LA ._ﬁ:o_.»o ﬂe&o—:oom
56 _ wr oo mo.e‘m 33 o %'y s1°0 voror 7'y _ o !z . 1 ds AJ “Todeisy
T 0001 5y | ot ! 5578 1o 61°z £0°0, Ly a“ £z 0 ru 2 . T %.dﬁﬂ..ﬂ
" Testor ., o¢% _ L0°0 ” $£°€ o %'y $1°0 rores s m LI z “ds A 7) 93304
o _ ws o woe “ 58 o ma.q s1°0 vi-6'¢ 81 | zu e - :_:ﬂ»_!&:.a:
B 5 S st'e | 020 THE 1o °%0°Y £1°0 ;- o0'0z-6'% 8L | sWT 2 , TionpsTe sI0dTIu0R
R T3 ,2.:. ! L1°0 _ : 00°S °1'0 P por _ ,.w.a—-m.nw £°g 1ot P Im:ddol—mmgmwﬂ
,!.,.a«/ _ 9L°L : Lo _ mu Lo B3] 8 ££°0 0Nz 6% . 809 L ; Tii9{308 ,-.mwao.:_uo._
06°9% 4 X T _ 58 Lz°0 5ot ££°0 .....«.A.mm z's U s $50oNLIGA -.._m%:./oé
2 T S T %00z o v6°0z T £sI-6's 87 st ."--Nﬂn. STIRINITI59; SeXe (9D
e e ww | 1oz o | EN0T  vn | or | e e (w) sy
o __ | ! n “ s A N
N i ) ! I --._.
13009 : , 1o AUO(03) (3on ws
uuccu”.o..._-“” u”.«.ww“w“ ‘ u...“wnww\ u»””ﬂ“ ¢ -u.ﬁ“”uM_A a“.h”””ﬂ““ k>uanbazg - :ho”“:”:.u.ﬁ.u__: Muwuvm __ y 3esuv1y  :heg ofeyudey
K of oIquL
. N )
- b - & -

73



» e - -
v | 680 1 P 9Tzt 9w | oL 09, stei0L
_ I} } | § B < — i e ——————— e
' . . ' _ ; '
—_— H + - J - ' ' - e -
; , : : o _ t _ i
BT I T 100 | TR Z0°0 vz 0| = ‘ : ,
e T N T R B
TR T | 1o 91 200 e ~ 100 s 1 [+ds (*3) STodosy
. . . 1 . -ﬂ -
Rl T - 1 G (N 9T 76°0 Sz 70 W T . e iy
| m ! ! ‘ 0 , _ oe - 1 siojTemod ('y) vdodolay
S 1 v . ree} 5 s s < o 0 ks s )
" T _ 10°0 _ £9%9 (1§ 33 €1 o. 9°9-0"1 . 9°z | e . v z *ds (‘3 TeIfaed
DR 1 4.2 T WU T I5°0 59 D740 I 44 = 5 U & AN 4 KNI S
. _ ! . ; __ L SHS[MOTISe] Voxs[®)
Z9T . w9 1. 90%0 m tee $0°0 1) €1°0 | 6°ST1-8°8 os ! yau! 2 TAopAe 32030111504
" z 3 . ) . P N - . tTenec e . i .
YR _ [IRT: ! o1°0 _ 00°01 90 TR [T o, CLET-0 nL_ g i [ w 9 - ISV (V) vodoisy
. .H - - . L » l - . - . H . . . -y " Pt
9z 0v " yo,.:k z‘o _ 19°T1 (t'o 86°CT 0v0 | veI-8°Zi 8's; 98 L R e
W99 1991 | €10 | 19°92 €0 WSz €00 ] 0 vh T T T T A P
' ! O ‘ T vEL WS Spuiey (V) vEodeisy
i 1) {3 o 75°%C €0 | 9°¢-0°¢! 8% 00t 61 ‘
, g . L . i B ! | WSOMMLIBA BX0dO[[}304
} F — ” 1 ~ . . . L.
. . : M S : A N
| | | . ! S B
- ' h
32A0) g : - . )
entea U319y 1940) A3ysuaq | (pu 334) . kauanbaxy (w2 v} sadrawiig Auopon) (Gigr)ms
AATIVTIY 3uad13g aAyIeTIY muuucun PATIR(AY Kauanbaay QoTINQIIIL () EY L y 3desusay :4eg oreredey

Jsuw3rodu]

. ‘ dg e1qey

74



- Z e e il ———————— i ———— -
. ; srz . si'¢g _ 1L 9% sI9I0L
o — e
. K ; H : !
;. N | : . i 4 ' .
-- = i _ i : | | : -
! i ! | R ST S
| ! _ I ‘ v
R . [T i ,
R @zl | 500 A X/ 60°0 1o, ; . £6°9 % STASINI[Is] exevY
T eest oy . To 9°s 81°0 £y 1’0 86599 9z lwe T : - SiodyIuoN
L6° L1 _ s | 600 | *9°§ st°o e o LK£°8-LL L0 wse |2 _sim%o(e wiodo[13904
- : ) i S - — \ : s
T Tsret . sv'z | 900 | £'s 9z°0 . s o 26°s-6'y; 150 | £p'§ ! £ ¢ ) - dodoiay
g9°05 sgfor L ¥o __ 9's 810 Le z°0 cz-99°5. oz-zl £ 9% _ T $$0ONII6A ¥4000] 17904
P ,nu.vn B (O A I M 4 60°0 [ 10 _ ) I geyg 1 BIej MR wU[ndoN
! \ - JE VDR § -—
e m WS 190 | L9t £5°0 134 9°0 96°st-zs°s’ e ! 190l P9 ¢ Sujapueom 930doTT7504
> N L] ' l (] H - P
. R - - < " g “TI-66°'0 . B e
prepre— prosnEa 5725 91 rs 8°0 TE'-6r'0°  S6°2 “ 6 | et ¢ +ds (*3) Te37i0d
i . 5 H § |— . ' . - .
- . .. oS, AW
| } | _ L H SR A
12A0) ; _ , N ‘ , I G309 ws .
angep ETEEST ¥ 12A0) Kigsuaq | (y@ 23d) Kouanbaixy _ (w2 uy RIFIMTI uoron) | y 1o0osuval :deg oreredey
2ouwyzodu] ApINTAY 3u3213d aafIeINY 3138uaqg aajIv(3Y Kauanbaiy soTINqQrIIsI PZIS _ : o
- ‘ : bg orqeL
|
- - . 3 BN a | .

75



_

g orquL

» L 4
| - 16°0 922 ! L6°9T-TL"0 €0y ! <09 1 0% stel0L
] J H ) FRS | | TR ’ ——
i . | ! ' -
. | . j—
) i ! !
o : . ,“ s — , —
4 SV €T ! 1000 gz 90°0 9°¢ 1°0 9v°¢ T weant (-3) 937353
. ) I : D I LA
£ £€0°T . 100 sz 900 9°¢ 10 . _ tge 1 SIIS[NOJIsE) sexu(eH
— _ ' 3 -~ R } i PO p— . L.
szt . ST'S . S00 | sz 90°0 9°¢. vo | _ 1 6v°0l | T . Tepice sIey®ihs
S : f ; . . . | ; . : _— )
T ! o . o000 “ s o e z°0 w-ue] %o m 60 ' 2 vivaie $[107ue0501A35
' : ' e e ——————— - -
6z'zt . 61°'9 ! 900 ! sz 90°0 9°¢ 1°0 ! i g0t 1 "SUNT6) WOVIEU]I80] -
) H i t et e h g e e —— e ——— e e 4 i A
—_— m—_— + } 1 - '

9191 90°z° | 00 3 o Tt z'o T9-se'c | 96°T ' wLty 7 . > ¢ -ds Wuoasg
erst 60c |, €00 | S o 1 z0 | evo-t6'y 0T €S T vsooniie $30doTI1304
IR TR B ot | 10 . sz 90°0 9°¢ 10 e 1 VanopAe 83080111904

= . i : " : ' i B . - .
(TR ve'TE | 10 s 90°0 9 10 ; AL IS Tiodjauon
. I e P
62°81 61°9  90°0 | 3 ) 'L 0 [sz'0T-14°9. Sz 8n'g z TUin
I i . - e -
£S5 0z €91 vi'0 | 33 90°0 o.m. o v 691 1 VUpipusen w2odo{{ 1904
) I} Ta!l o _— -
¥ ! e 5 “FT h: 1801 4d ) G 0 o Ty -7 Ty v g .
44 3!1\_ SIT o 34 v (T4 N,‘ wy. e g AT () Sedeasy
[} - . { PR
¥ N . . L5t 1 I 1 . N
TwToT CHCAN 3 T R MU LS . V0T J ¢ +ds (-7) TeIva0d
4 F - | - et [} -
. _ ! no ! s . & ¢ N .
L2 |
_ _ PR . ——— e o1 1.,
L} i)
~ 19A0) _ ) - p ) B (7 on) = 2

anfep 1udI19g 19A0) Kaysuaq | (pw 13d) Aouanbaay (W3 u} sI12MeNG AuoLon) ) .

uucuuuow_eu ‘aAjIeray | 3usdaayg 9ATIRTdY Mu«mcun .w>quu—oz --Kouanbaag :3:_::.1_%:_ EXIES ! ¥ desuvil .»-n, orondug

76



AJI&.&l

s§ oIqeL

i pER T ord T errz ost v, o sis0
” _ M | S IR _
_ ! : - : X : !
. i _ . , :
9y . st %0 19°1 92°0 'z 20°0 - - m 5 1 ;-_:I-!.uw-n_.....moluzu:ﬁﬁs‘
ey %0 . 90 “ wn 1o ez 00 - - | s 1 -_\!|,| -.uh_..uu:w.lﬂﬁals.u
,..No.m w50 __ Tt ez | we 00 ST T T e v :loﬂﬁsﬂomd o835
 sor N:-im no . &0 . 65 15°0 88°2 wo | wu-ss s _ 16 T T o0
e T T T L ete 8wz Lo°o - - L ss 1 . !..Wn..ﬂ.......ﬂg._a
T s Towr $9°0 “ 5 | 150 $8°2 20°0 6°91-5'S  §°01 " 971 Lt o veinas. (y) 9353555y
T e oy 66T _ v 9o 88°C Lo*0 - - _.;..s v sw¥eTs 93000117904
LU 9% | o0y ] 1 m 90 "z £0'0 - o i ooy ' ssoquAio05 ST
T seoz ! str ot 199 “ £0°1 e o rIr-ss Loy " et -y zﬂoﬂﬁ.aloﬁmﬂﬂ.m
M {4 ' "'y _ B.m __ 199 m $0°1 :,.:. o S 12-0'9 *'9 TS ' TS0ONII0A -..&e_:oe._
Lol s ot ! ot | sz 85°s1 £5°0 mwogwu.lm_ 8y s o i ki e
“yorsy . o1 ! wo 00°sz se°s s 6t w0 n..-...u” £°1 Ly st 3 SN TAOTI5%] 9OXPT™D
08°8T1 _ 999 1SS _ $5°82 %5°y 1z £5°0 a.$-m.m_\ 6°st | 92 a -:»ib-__a SIOdTITR
” ) : moo! s ; A1 N ,
| | | v e "
29A0) : . . ' _ .
oot _ s _ oea| e guen | R s |~ e Aw,ﬁk oy orwanies
- - e B Yy

77



. » e
%

, sy . sz°0. , £0°0 TR wo | 99T wo - - s 1ds ST530med
85y . sT0 ! £0°0 L9t %00 | 992 wo i - - , L.t T () sdodoxay
| T eey ” W ;i wo . wr 1w 9°2 L0°0 - - e ) _..m.: SfRioj13ad SeL3seiuc
S0°S ” 0L°0 60°0 . 91 _ %0 . 89 2070 ._ - _ - “ £l 1 - ssozeqny 320doTTIN
"9 ! o, 90°0 _ g5, 20 L 00t 8eL9 st e ,TNl.I!I«««dﬁwﬁWmﬁ%
we oo ws b owo 91 9°0 _ $9°2 £0°0 _ - - - “ 0% 1 *welore s30doTT1504
“'es " §2°0 ! £0°0 . ££°€ _ o 86y $0 1 0Lz S _ SV oz geds (] TeIvaod
vss : §2°0  ; £00 ssc | oo 86°" IR & IO 0-L-0"s 82 | os T ssoonideA wI0do[1}304
|no.a 8z°s . 89°0 m 9°1 _. 90°0 $9°2 £0°0 - - - LN VIR IIdeey -.:.g.»..amnq_
Tsror . e . 90%0 _ 00°'s m s'0 %" £1°0 eLss, vE lg9 g Titogses 32630117304
C TTwu e a0 9T 9000 99°2 L0°0 - - ew o PO@AIGD STTTAROGOT
R TR 20 | §0°0 199 SZ°0 86y £1°0 Trss “ o 8%y | TereReg e
S Twn ot o “ 00°s “61°0 g6y £1°0 cot-vror] vy ot 'z U ds (V) SEodaray
T 88°'s | 0s'0 | 00's | 61°0 86°0 £1°0  9'ez-8's ! cot o s9U g ~ wpuosAy (') wiodoxsy
T T wr ot ! £5°8 150 %'y £1°0 . sIs-£cL ! L8 _ 691 s TR (V) el
se°sz . stezt 5T _ 19'9 sz*0 s86°r S0 | vt USL | o' Ly ‘ SAhaerd SiodeTTin
Wi 122 $6°7 HT | %0 89°2 20°0 T - i ew 1 .u...._ouimmmﬂﬂmm
) A T T 991 ' 290 T0°81 wo | n.a#‘m.m,‘l Sv . 101 - 01 STRISITIeWIS (‘1) $3edEy
R ” — T 5070z (78 9zt ££°0 TSt s ve 2l . wiegyessd (V) viedamy

= ” : , . s A |

. . | i . ) ) e
13A0) o ) - ) : , . ! .

\auceuww.ﬁ_ﬂn 0““”“““._., u:“wwww !M““”“M“ h “.«“”nw_ »w”“””““ Kouanbaiy . - :._:...._"“”“_......... ._nﬂ._:i_:w_u_vh ” Amuuwuw.huw.. heg onou,nu,-l

g °IqelL

78



(N 3 4 S - oL's _. P LL-0°T 1N L°st . 09 s]930L
i { ", e e e+ b e e e = mm
. | | : '
[ i ! . | )
N : ; e e B
, | | : | m ,
sy s00 . 1000 L9°1 90°0 . 89°7 | L0°0 - - 6s 1 - 3971990 () #30doady
1 - . = < - 1 [ P .
Ty 510 . w00 o1 90°0 99°C 10°0 - - 09 ' 1 - veinis (V). ¥iodoidy
i . N : . .
m M _ oo § A N
| | _ _ “I||:I, ! I _
. N ' m
12A0) : | ; , o | (3391)m s -
3U2213 13A0) Kaysueq | (gw 224d) Kouanbaxg (w2 u) wav32we i AU0EOD) : : .
00:3“—-““” ﬂ_ u:u:a“ U319 aayIRIaNd aysuaq’ - antle(ay Kouanbaiyg _ uapingrasi AZIS : < uooa.-,_., :heg opeivdey
| _ . “ _ s olqey
! i . ,. | . .

79



» » e
g et T 899 < . §TLE-§°T.  syor | zeror ; 9g. vl
— H i : et | \ e e e
: : ; b [ i _ B
%L - - T L10d | . : = , .
. N - T : — :
h 12 “ 3 610 () T0 i R STTTTYIeT
" - i - [} Vo e e} e — ——— -
v6°L %0 ' %0°0 o -8°2 . 61°0 8'y 1°0 s ' S T wuyipuean erodoyydod
82’8 89'0 ° 80°0 . 8z 61°0 8"y 10 | 8y T ¥ISTT3IBTP (V) waodonsy
s Lo 60°0 8°Z 61°0 8y 10 “ [ YAY S T €py¥13 w0y doupAy -
88°8 B ;T A0 SR ST°0 ¢ 8z 61°0 8y ! 10 , ” , $6°6 . T : ®IodTIucy
——— : I - _ N . ) cee
. $9°6. €0°Z Yo ¢ a.w 61°0 8y m 10 4 . 69°Z1 | 1  smi037193w1d (*]) wiodoidy
5T vz . e8¢0 | €8 <0 €l €0 Ty, 90y 6L £ emqIupaedy (V) wiodoisy
LN 8¢ o 6 8E 552 t-et 0 6v6-s 1. 61°c ., L0y w1 z-ds (-a) weiyicd
T Y7BE, CUUT ” TX 05°C #'te <0 m.n.nv;..ll. T N.ouiu: i ._l.llaﬂqaquua...qlu-nuoaoug
: ' S : : i . | i
B ; : ! _ ! e -
f . + . I M ) S |r| ] N
| | . | - R
. )
) 19A0) ) . _ g T
anyep UL TEENY 13A03 Liysuaq .| (guw 234) Kouanbazy . _ (w2 uy saazmmrg Auajeg) ¢t (33 0f) wg .
‘ asueyzoduj aatleray | avadiay aa1lelay K31suag aATIn(ay &>uanbaiy UoTINQINISIG P7Lg ! ¢ 303suviL :Aeg 9133wy
! - | ,
| 1
| |

ng arqeL

80



s[va0L

“ et we | | e'vt-te't soE ! .zet9 . Lc
; ; ! - ' : — ! -
' _ i ‘ | ) i i i
i i () —_
[ ' ) . ' ,
. : | ! . ] :
-t ' o [ 10°0 f L7 60°0 8°¢ 10 ! €8°C » 1 1T lﬂﬁﬂﬂiﬂﬁguo.nhum
N 1 ; ) —_—
: o e ; 100 . T 60°0 8L 10 ' v 1 TESpeA] WOAR]
. . ' ' . ' i J DO
1 — - — : -
v0°8 »s't . z0'0 ! iz ' 6o 8¢ re . 60 11 susBeTe ¥I0doTTI90d
[ d 7 > ] | . . ' . IIONII‘.I.II.I
vo's ! v 1 200 ! Iy 60°0 8¢ ro [ wy 11 sa0doT13°0d
‘90°8 9o T z0°0 ° TN _ 60%0 8°'f 1°0 : LS _ 1 w3ano lomu,w-unoz
U S S : e} ; ; : " . oy 0 «ds TUSTIVUIIERDY
85°6 80'c ; w0 7. | eo0 . 8¢ o \ gL v T de
B O o 29’y %00 |} e 60°0 8°¢ o e Py §717900 (V) ®aodoady
N N ‘ . + 1. - . - .
T G0°eT <8t s0°'0 ! v°S . {aro 8¢ 1°0 SET LTy, (A * 8's 7 BuFapuses ¥I00011190d
- vcl 69 ° 600 ! 'z __ 60°0 8°c T°0 _ 1 _ 61T ;| 1 SEoSTATeR ®10d07 17904
‘ _ . . . 1 i N 4 e .
v - e ¥ R 1 . ) .. . [}
8y'Bl 8c°s o . ‘9 Lro £t zo (e°8- 9, 891 _ 61°L 4 *ds .yuoneqg
- 6L702° 69°¢ o | v°s 0o Lt 70 v6°8-6°8] 0 fowts e SUSTIVA VUOAVJ
u : , . g =
9T°9¢ ! 9y°8z ; (€0 Tt z$°0 STt £'0 19°01-1¢°8 160 ! we ! 9 : T10dFIUOK -
. - - 9. 1] .,
. v r4d % J T . Tt T . [ —
I‘aﬁar‘g W t w ! e 6'0 €O YT-T'T,  6v'C [ vETS | 9T 7 *ds () TITIGG
P ] b ) R “ . S — w m N |
| | S 1 e
- : Ty .
12A0) ] ’ y (33 0y) s ZT
anTeA Juaidaay 1380) Kaysuaqg | (gw 12d) Kouenbaiy (wo_uy ramaswe(q Auoyed) _ ¢ 1d9suva] :Aeqg a[eIvdey
23up30dw] snjaeray uadaag antaeT3y 1ysuag aayin(ay K>uanbaiy T uWOTINQTAIRIA RS | .
' i ! , i Ag 3Tqel
' 1 .
e . £ Y

81



. .
} N
orToc. 0%-0C €°EE-y°T 8’9 | U6 09| = steaoy
9y st £€0°0 T "0 e L0'0 147 T _ T*ds (°V) #3odbioy
£9°y ¥9°0 €10 L9°1 v€°0 {84 £0°0 0L 1 TriTequaiye viodiIuon
£8°Y V8o RY £9°1 V'O TRt £0°0 ; T et 1 57EI0J 1393 Sa1I8ETUCH
9 €L $9°0 91 R €T L0°0 0'tl T FeTn57795 v30d7390R
w9 €z sv°0 91 o R {x% oo : '€t 1 | #R030{3TP PIGHITTIH
TR 8y°2 050 91 "0 ®T to'o L'et T 80U0J01D T4 ®loydoupiH
€1’ 05°0 o1°0 €€°€ 89°0 _0E'Y £T°0 6y-6'c]l - ro vy z z°ds ' (*J) sa1i0d
88 61 vZ'0 - EE'E 89°0 oty €10 s-6s] 1 z ' TsconiTeA viodoTTIo0d
140 07°g <01 51 ) we t0°0 1 . WIIFT((9I8 TTARY
To"or | 0s¢ (33 89°0 34 £T°0 8°ez-voz| T L8844 z sUwgaTe va0d0TT1904
(AN ~€5°T 15°0 £€°81 e 95°ST ‘ o . eevzl vt 6€ L4 FO I EL ) voreres
68°TY 99°6 2; To° o1 ov'e 96°ST L9'0 € ST-6"¢ 9°¢ 8Lt | ot TiT9yo39s ®iodoi[¥o0d
99°99 In_ﬂ\.on “€Z°Y €€ €2 TR E [4 & 44 £9°0 S 0Z-v'Z 8°S 0'6 L8 , wainz® \A V) waodoidy-
10l 74 .&...ﬂll.ln?ﬂ B0 0C L T WU | VRV 876 9°z1 13 $TTAq@KIw1d viodaTTTH
f s A U I
\ — 1(33 02-9T) ® 9-¢ ;
29009 ) ) - ‘ 9 1d9suB1] :Aeg araisBey
anjep IVIIIYY I9A0D Kagsuaq (7% 134) ) Kouanbaag (wo uy-radIrme Qg Avo10)) . )
,ou..-uu.o.,_l— npICTRY U194 IATIUTIY ) uqa:un aatleray Kouanbaay :ol.::....n:. uu,; ‘.:n ‘ona-u.

B

82



© e re—p————

- e——— -

S’y 69°S 86°82-72°1 80°s L's 6€ TRI01 -
°9 68°0 %0°0 s1°0 £ o . €8's 1 ©30809176V
- £6'9 €e°t 900 ~ s170 ¢ 1°0 £6'9 T STijeg (V) viodeIsV
9Tl 95°1 L0°0 $T°0 € 10 ss°L T | FamnTo3 §ISISTTIR0D
- 8E°L 8L°T '80°0 9°7 - ST°0 € o \ A4} L ve1Iseydiy
. 9L 00°C 60°0 9°T ST°0 € 1°0 e 1 STITOTOw] -on.-q-u.
. %0°8 L 1o 9°T ST°0 € 1°0 SL°6 , 1 ¢ *ds WUoARq
s e 9170 .‘o.N sT°0 £ 1°0 $6°01 1  ¥Todoloy
8€°6 8L°€ 110 9z . st'0 £ 1'0 61°Z1 1 WP (*J) WITIog
99°6 961 10°0 1" 62°0 £ 1-0 L0°{~18"€ 92°7 Ly's z Tao1aqn) -...&&::
9111 %5 2’0 9°z sT°0 £ 0 : ) (A1 i " 337993U0R
60°TT 68°0. _ .\.o.w, 1S 62°0 T A1) 89°5=9L°T v6't JTi'Yy z SRAVY -:-.._1
ov vl R vo | 97 <10 € 10 wet | 1 ¥i9379797P (V) ¥iodoidy
X I o 70°0 't 90 16 £°0 TR =TT 1570 |6z : ﬂﬂﬂﬂmm
—rr WY N0 R &3 LA T o | .~Tw.§.~_\ TR KT EopTs Sreleriioes
6007 68°8 v'0 15 62°0 19 z'0 S.i-ﬁ.ﬂ_/ g9°z | TEt mmmmﬁ:c,-b. (-T) viodosy
et | e w0 i €90 16 €0 96°TT~L e | e 4 SGe85T5 FI690TTT90d
9 1y 9% 1t 260 641 101 1Tt vo [ et-zzi| . 9¢ |eeL STodIooR
Yoo {108 { i G 0 ) 4 | 7ot TU | 855t 8L [ 90701 a..:_u.:uab. (V) viodoiV
, : [ s A
29403 ) ‘ A“uuww.w:u.-m. :Aeg ara3vBey
anyeA 2039y 13A0) Kaysuag. | (zw 1ag) Kouenbaay (w2 uj radr~weg Auoto)) : : ,
gouwizode] aayreToy W94 ATICTY JyRUaQ aaTlIe(3Y Kauanbazxy .:.,:u:aa..u.n_c 271§ - ¢ STquL .



€98 60°L 8°2Z-5%°T 68°S 96° 0T 8¢ sTel0L
68°9 i 650 $0*0 17 61°0 C9g 1801] s°s 1 w18Kayd wyioada
sz°: €6°0 80°0 T 61°0 9t 10 L 1 838703403 830dTIUOH
96°¢ 99°T. ¥1°0 IR 61°0 9°c 1'0 8°6 L 933379191 (V) ¥iodoidy
926 yZ°0 2070 s o 9°¢ 1°0 SY'T-69° 0 [{H 1 z #30doT11904
- e 1T Y1z 81°0 y's (o 9°¢ 10 |evy-otr-vz°¢ £r's |89, z ‘wsooni1eA wi0do(1190d
90'¢T 99 (s°o a4 61°0 9°¢ 10 6" 61 1 Titeyo1es €30dotrro0d
16°€T 159 9€°0 v°S €0 9°¢ 10 $8°T1-6°6 60°z | 8e°TT z ' §3an0 #1188 IUOR
v9°91 "'z 810 B A 4 (e'o 1t z'o L1°6-8%°9 61 |est z z°ds: A.Mv,ao:.uo._

) LZATA "'y v°0 V'S (€0 1874 z°0  jrer9t-svcz 8°6 |86 z #3InT () ®s31a04
65°61 6"y 1€'0 18 95°0 n...n .0 ']56°6~%6"L %0°T § 60°6 € snyIugdely (V) ®Iodo1dy
26°6L 20z o B 2\ sL°0 e z°0 |9o'e-y . z0°z | co's v »35do13y

- . - - - —— —edois —-
9°07 €8 Lo v eo 1 ]2 z'0 '} 91-6v71 6'c | st t ~suesaTa 2&.3:8._‘
6L°ST 62°€1 wt y'g €0 e z'0 ke-oz-1681 86°0 | 99°61 ¢ | sE6j¥IsI®I0 (*T) ®Iodoaoy -
. €°9¢ 16T 19°1 1] 95°0 1L z°0 89°22-99°8 1740 T AR A € ®30dTIuoN -
91°18 81°6Z 9%z @ .ot (41 Lo |68 L1-£6'9 20y 1 8e°21 ot pmopks wiodoTT¥o604
\ f s AL
, , - : (33:0) ® 21 o
N 19A0) . EREE .
a:—q’ ST AT ¥ 13A0) £31y8uaqg (zu 334) KLouanbaay ! (w2 uy s1a1pwrerg Auote)) 9 uuow.-w._.-.‘ 1Aeg arajedey
LELLIRRLT D) . aApIe(Y tUTEET Y aaraeyay m:m_.un . AATIe(ay Aduanbaiy doranqrnsin  Azrs @ aq . & a1qeL

84



90t -2t g 682 ‘ ‘ i L°te1-0°1 L6t | TEt 09 sye3o0L
0s°'Y 10°0 100°0 9T s0°0 .t . 10°0 ‘ o't 1 vaindand 9213803091
0s°Y 10°0 . 100°0 19°1 . wo.o NQ.N, - 10°'0 s : . ot a . (ayu3ang) -ds -.;mm
16y z0°0 - | z00°0 9t .- §0°0 wz | 0°0 - oz |. 1| eoonaaes sIcdoITII0
18'Y z0'0 | tcoo’0 a9t 0’0 | 8T -0 | ] o¢ 1 Voewn3ol TAVd
sy | - S.,cﬁ 1 €o00°0 -9t $0°0 8T L0°0 ) ; o€ | - FBTNEV (°V) ¥I04OIOV
vy . | $0°0 00°0 L .60°0 8T . “ 100 ; o 6'c -1 suedais 9i0do11¥90d
sy 80°0 100 ] eer ] so°O 87 00 : 9'y .l TTT7339A VI0dTIUON
S9°Y ] 91°0 70°0 L9°t S 800 7 1 T | - 10'0 ‘ e N S A T { ¥7932quaiys $10dTIUON
0z°6 . 1wy | sso T $0°0 @z | 10°0 ) 1 oret v | wseyTees (V) YITABTIIV
ot 800 10°0 . 00°S B &) W ¢1°0 | se-0¢ £0 e € " STPTITA FI6GCRATV
oczt | ggy | 090 | oo's | w0 ®T : 10°0 | 9°TE-6°ST 58 etz | ¢ | eeumueed (*V) $icdorsv
L1°el €6°C %0 o oom ] S ) o B 9Z°s I €10 cce-L°81 (4" ] et ¢ | syawrndaily V) ¥16d019V
18°9T . 80°0 10°0 199 61°0 90°8 . 0z°0 T°¢-0°T s'0 T v TW030UITP  #I0TSTTTH
9° 1 Les R , 19°9 . 6170, %S ‘ €10 | vzy-o'c 1°61 8 €l w | voraputiko (-4) 8937304
wst. | o 6070 191t %0 S (A3 geco | 6°8-0°¢ 02 s § o} z-ds (-3) T937304
9v°8¢ 78°91 Loz L oees 9o |1 TEET , geo Jys-vT 134 1/ L9t S wna (S wITI0d
19°1z1 £9°€9 €8 L 19°9¢ 90 1 | (1T €s°0 [zet-re 96z | uver| z STIT08 (*V) siodosy
) Yt on s A N
. . : il SR ‘ 861
. son0d | . , (33 01-9) = €-2°
antea | Ju921394 senog | - Kaysuea | (gw 33d) ALuanbaiy (w3 uy r123°wrig AuoTen) Avg =-.wun-= apyeul
UU‘IUHDG.—H U>duﬂ.—~¢ U134 U’AUH.—UK 315uaQq ﬂ>quﬂ.n0~— hu—-a:—u&u.— ) . CQ.—U.-_.—«.-;.A:_ PZES IQ.U.—K—Q.—.;

85



e e ——
. .
5y Lo 10°0 91T oawc : 19 4 noeb g ) 1A n‘ nnruo:u«v quoam-w:
6Ly 95°0 20°0 191 90°0 8572 10°0 - 69 1 1+de TEOTTION
6L°y 95°0 20°0 91 90°0 8572 10°0 9 |t SnqI0TouRY (V) ¥I0doaoV
6Ly 75°0 20°0 t9°1 | 900 85°7 o0 € T Seanze (°V) ¥aodoiov
88°S €91 90°0 19°1 90°0 852 100 e | 1 g+ ds Suoaey
%0°8 6L°¢ 910 191 90°0 85°T L0°0 ) et Ti¥iaquaiys $16d7300H
80°8 e 80°0 {3 o 85°Z L0°0 LTy 09 | s8 . STTA0a (-¥) T6ToTV
£1°6 98y 81°0 TR 90°0 8572 oo 0oz | T Tiouyos(e ao&wr...i :
1S°T1 L Lz 0 L9°1 90°0 T3 L0°0 w1 TI93870u3304 w30dj3u0R
8721 18°0 €00 19°9 @0 T8y €10 $9-0"2 1 13 ) STPTITA VIOUGOATY
9L 91 €91 90°0 €8 62°0 .08y €0 6°6-0°2 e | o | s w1 (*5) BI04
5°02 £9°91 95°0 . EE°E o 852 t0°0 o9vzz| sz A7 I 4 JITIEELD STodiiacH
ECET ov°s o 19°9. o R 0z°0 o'zz-9'y| o8 | TTII| 9 STTAdRTeTd S3005TTTH
R TR 90°0 19°11 19°0 96°6 1o oec Lo ey | zrde (D) 937304
65°87 ot o1 8€°0 cc's 62°0 96°6 o | zwz-0ty 8L 6o1| s | STsograeaesd (1) ¥iodoasy
z0°¢t 16°81 0L°0 x) €2°0 8c° L 0z'0 “ogz-st8] 26 | eur| ¢  weonqny STohTTH
TR €S ot 19°0 00°01. €0 |: 966 120 0°EE-0Y | ot 9 STIPTIo () F0950d
L6t g8y | 810 £€°81 %9°0 9L 91 070 0°6-0"2 sz [ s 118 ¥509n119A 93600111904
, " s AN 5961 i
e | | - N
anyea PUTEELF] 19A0) Kaysuag | (pw 23d) Kouanbaay (w5 uy: s333°mr g Auoro))” :
aatIv (Y TR EEY] K138uaq Kouanbaayg. uoTINqLAISIQ 2§ qy 31qel

oueIaOdu)

aATIDTIY

PATIOTOY

86



L Tt .
. 0°€E-0°¢ 9°L 6°8 09’ 818301

w5y - 2C°0- 10°0 91 90°0 ¢ ||ﬂw|||a||

. 133 : wus¥sers 5
; N to°o <z S suvdata €10 0111904
sy o 10°0 9°'n 90°0 85°7 oo - - .Allulllrllu
. , . 0'Z 1 a8uURp 810dOTTJ204

. - S ‘A N o B

, - N s867
’ 19A0) . ke Poms

anteA e'EEELN 12A02 Kaysuag [ (pu 27d) . Kaupnbaag o (wa up raazamerg AU0TC]) .»,wn,r-wwo-: umTﬁ
anyaC(2y 1U99194 A1y 11sUaq anTIE(3Y Aauanbaay GoTInqTaISIa PA1S ay s1qeL
B o [N

2ouvIlIodw]




* .
. ’ . ,; - - -
N A4 Y T5°¢ , CIST=IB T |11 44 L] %] s{eloL
1424 20 , ~0 0 [TAN1 10°0 ~ET°€ S0°0 L4/ T ®30do{1Fo0d
2 A ] 120 N T0°0 o't 76°0 tZ°t [TX) . v 1 LGP (*d) 8317304
6y 90°0 20°0 (1748 4 10°0 €2°¢ S0°0 LS T ST18TNOJO88] Baxe[en
(13557 zt°o %0°0 [T} L0°0 €Te S0°0 6 1 TI17133A exodjiuoy
41 ] 4 o900 19°t 12°0 - £t S0°0 TL°8-99°¢ 84 €S € eso[nofIucM ('§) 8937104
95°88 688 §6°C 96°0% 4 M4 1L°8€ 90 S 9E-18°1 ts'8 | st6 Y€ WOTIPUFTAS (*d) ®9IFI0d
9’8 29°06 16T 09°0S T0°¢C 9T°¢Y 0L°0. JTT TST-sE°€] 62°8Z | $0°1Z v 1 (*S) €aIfiod
" - - " ™ " N . -
R h . § w 7861
' (3 o0z)=9
19A0) - ) B Avg nejosely aprsul
ngep UL EEEN] A3A0) Kagsuaq (zu 134) Kouanbaay (2 ux #a3arnwerqQ »coaou.w
I5ue3Ir0du] sATIC[2Y Jer1ag aArIngay FRLULY] anfIm(ay &ouanbaay uoyannrIsIq - AZFS oy eTqel

88



Ul papnouy. 3aw -u-.., o._-,k * SUCTIRTNOT®D u!_uo a3 ug vn!&ono v_i -aao_.uﬂon!._ uy ‘sonyeA Jo; gnunﬁ,.ﬁd-o oy,

RLE]
” ;v on3 0.3 5 wu!s- cu!’ uﬁ.:s.uu ano ‘wayy u._:uo-u.-oo &q- v..- sATIURIXD “K134A° ou!_w-uuu_unﬂuuu & uo -3.-33 nu-

T so9s PR ;_ﬁ.m 1 B 2 7760C-69°0] (199
70°$ ~s0'0 L np.o : €€ 12°9
g:ot g00 | so'0 sze | 5 e CoerL - srs-ieg] v |esey
10°€1 56°0 €900 2oy | vo L cvo-] ever-trog] s 2s°et S
. . »(9L°6ST) e | 1 - PR L1 — L. ‘ e ———
14444 se st iyl v8°6 80 £0°L1 L 1€°0 ATARL T A3 1 B < M A0 9 PTIPUTIO (*3) $9ITa0d
12°8L 16°0 ¥9°0 “z9°Ty e | 29°%¢ €9°0 | 8s-01-69'0] 61'8 1 92 zds (3 703 :
0°TYT 8s°zL 96°LY L to'e Leeog 9s°0 |tv-scc-se-gq z6've  [etov € T w3 (°F) sersed
1 m | s TA N S
- S S 861 : ,
o i E , (i307) =9
39A0) : Apg nwJIsSER SFIRU]
onTep UIIIVY 19009 Kagsuaq (zu 334) . Kouenbaiy (w2 uy gadI~wri( »:33*
eourlaodu] PATITIOY usd1dg InpITTN Iy8uag AATIRTY Aduanboay GoOTING IR . PEIS ) aqel
. o e







1ty et 60°0 91 (5*0 T 10°0 - - Sy 1 ¢ -ds BloAEg
o se°y '95°0 91°0 09t (5o e Swo - - 6°S 1 ©e0dn119A ®10dOT{¥004
9y 19°0 61°0 91 (s°0 e oo - - $°9 L 1 *ds Siodomeweg
.,34 190 610 19°1 150 N.A,.N 10°0 - - - 6*9 1 3!.1@.3 sa3TARg
T [T 89°0 £9°1 ts°o0 4884 too - - vzt |1 ®19JTi791p ('V) ®aodoady
9 £rz 690 19°1 ts*0 1A L0'0 To- - szt | ¥ $0uco015Te €104doupAn
T (A4 8L°0 - 91 tso 4884 Lo%0 - | - £ET | T 79K Sriciden
8L°9 66°2 $8°0 9t hw.o A4 Loo - - 1 ser |1 #inge (+V) ¥10d015V
- et 8%°¢ 66°0 19°1 Nm.o A 1 L0°0 - - 0°ST ,q, uzﬂuuon wa138eydiy
G ve'S zs°1 £9°1 15"0 ez’ £0°0 - - 1 st |1 TT¥13quaiys wiodTIuon
T Twra 9T°1 £€°0 00°g 69°1 9079 _ .02°0 0°9-6°¢ T 6y | € z *ds (*3) 83730
60° %1 ot ot €6°7 191 (s°0 e to°o - - szt _F3100 ¥I0dTIUOH
TR 79°01 z0°t £e'e £T°T v6°¢ €10 9°22-0°¢1 8'9 et |z Buedota viodojr7o0d
zLt8tL. 6€°0 o €€°8 Y 0070t £E°0 0°y-0'1T | et | st s STPTITA #iodosiTy
T vl e 9'9 92 90°9 0z°0 0°ST-6'9 | v°c 8°0T | ¥ STRioITIe3 STINETUGD
uw.wn 3G 10°1 €e'8 8°T 00°0T - teto 6°6-8°c 3e | 6 s T TeTIenIioR
v'eT 99°61 5s°S £9°1 £s°0 - (488 Lo'o - - s'se | 1 TInopke -umangﬁqumm
G ¥%°01 L6° 00°0T1 6€°¢ 00°0T1 £€°0 9°02=€"§ 6°S 1°6 9 TIiTi19A wiodjIucn
SCTEl an.qﬂ 10y R [T IR 13 080 6'6-s°¢ | 'z | e w sjieInofose] woxe T
N ; 5 2 z 861
(33 21-8) ® §°€-5°7
39A0) - (17115 elesy)
cmer Juad1ay 13A0) Kigsuag | (pu 394) Kduanbaay (w>_ug saerrwn(g Kuored) Avg nejosey apysIng
. anfIT(2Y Juadaag aATIETY AFsuag aAtIeray Kouanbaag uoranqQrLISI P2YS -

ERTED X IS0} |

95 dTqeL

91






'y 6€°0 _10°0 6L°1 $0°0 90°2 L0°0 6°Y jIauioe]? €10d]IGOR
T ety to 20°0 6L 1 $0°0 90°2 to‘o . €9 snI (+5) saIHiod
29°Yy TR 20°0 6Lt -60°0 90°Z “10°0  1L°9 §jmiojriaivad (°]) eiodoidy
79°% L0 20°0 L1 <0°0 90°2 10°0 . ¢t sng3ujoedy (°y) wiodoioy
T Z9% _ o No.c. 6L°1 wc.o 90°2 {00 8y L (unapowols 1033 8237104
79"y w o 20°0 6L°T \ncwﬂ 90°2 £0°0 96°L SUPT10A FUOADJ
" 608 ,w\‘ 6€°0 10°0 s°c ) €'y v1°0 96°z-svz[ 9tt0 |tz ®iodoaxasy
60°8 —6c0 10°0 Ls'e 1°0 €Ty v1°0 TR TR 98°0 $8°Z ,¢_>u_
TS Lo 20°6 ts°e 10 €1y 1’0 9-91°c| 10°Z | 8y seTepoRy iR
B TR 6€°0 10°0 9" ST°0 (3 & 71°0 S-vE°1 81 91°¢ Jeusp (°Y) Tiodoisy
T RE w0 10°0 9%€°S ST°0 £’y ¥1°0 LIAL et 1 4 6°0 | 8z°¢ €303 €213883UR
T eeT A 100 s St0 619 LA 9v°e-vzel e1'0 | 6c°c FiodoaA Ty
i T8 10 6L°1 S0°0° 90°2 (0o Leez weoon119A e10doTT1904
e et [7A] 70°0 9°¢” ST'0 61°9 12°0 yzey-9zel €sto $9°€ #10doT 11904
BT 44} 4 91°1 €0°0 €6°8 910 61°9 1z°0 - g s€8°z| €v°1 18°¢ TIT7id9A .uoa_lro:
’ 9 {1 TeTe wn,o 6L'1 $0°0 902z (o v EL°62 - Fxnopks w10doTT190d
T a&.mw 9Tt t5'0 1701 62°0 z9°01 9€°0 6°7-$9°z| t8'0 - | sz¢ ¥60[N3]3U0E (°§) 6937104
o 16°€Z 60 1070 s° €0 wo.oﬁ 90" 9T'c~"1] €8°0 9L 1 z *d8 (“9) se1vI0
;e.ude.o 1804 ) L TAd | €6°8 vZ°0 ({9} “62°0 66°99-91°¢ cg°tz | eccL1 a8iPu}I80)
) "N 5 T ,
i ; - 2861
) 19A0) : ) ; :
wivA uaday 1240 _ Kaysuag | (gw 13d) Kouenbaiy (w3 uy sadrmmcid Auoted) (33 07) wm9-Aeg neJasuN 3pPILIND
23uvIaCdeT antIR(2Y EUCEET P aarieTay 1fsuaq L RLAEL au:ochuu_ uopINqLUISI AZES

g a1q8L

93






- o e s . §°L2-6"T 3 £5°L 65 sTeI0L
1A £°0 10°0 69°T 60°0 4 Ak4 L0°0 € T aﬂﬂ‘
vy £0 10°0 69°1 60°0 e L0°0 £ {1 1 *ds Fovieuj3s0)
vy €0 10°0 69°1 - 60°0 vz 10°0 i we |1 - veoaawnbe (*V) wiodoasy
ey €0 10°0 69°1 60°0 W L0°0 e |1 79Kid sTa0iden
Wy 19°0 70°0 69°T - '60°0 e No.o ¥°s 1 swuwp 936d0111304
sLt v9°¢ o 69°1 60°0 e 100 e | v #aindInd ¥aa169309]
Y 0 0 6c°¢ 8T°0 sy’ €10 VET-9v°¢ %0°L yy°g 4 #3300 wadjewaucl
" Tezve {3 80°0 _6E°€ 81°0° a4 oo 95°6-LY°Y 6sc | 10°¢ z STavInotose] vexeieH
$9°8 "%y ST°0 69°1 6070 T L0°0 “levwet |1 SuvTIeA HoAsg
) 8's 16°0 €0°0 -~ 6E°E 81°0 sy €1°0 Ly Y=Ly | 0 ey |z ehqITIERY (V) vaodordy
i Loz 12t %0°0 Lreot %5°0 en.a. Lz°o 6°y-5$°1 SE°T . 98°Z 9 uﬁur«Uﬂuu&.o (V) ®iodosaty
) 9°97 6.8 62°0 ty's sv°0 6 e o B3 C'2 BN U 13 / £L°8 '3 TSI () :&Bi
912 e A ty'g 90 [TR1 €0 . {6veT-vz°s £°€ 89°L s " Tamopks vodoTTT50d
ey ST°52 €8°0 8L°9 90 vi'e | tzo | <stiz-9 90°0T | stoyt | v suv8sTe viodoiirood
61°95 6L°82 56°0 95°€1 Lo y8°c1 vo 129 66°% 60°zt | 8 .I«ﬂﬂ..l.i
€'y €Y°S1 1$°0 15°0¢ 19°1 e 81 €50 69°€1~T L8°¢ ..E.n 81 z *ds (°3J) ®aa7iog
- " s [ A [ W
| - 19409 wy u . R19INMR (¢ .A:o. 0)) oot .
3..3“.””_.....”' u“”ww““m_ u._““””._u uM“H““wm Am“.ﬁ““uw_ .Aw”“””.”“n Kouanbazy = ‘“oE.:_.f:..nn_._: w:m ¥ ) w9-Avg nv3asen apysano

PG dTqey.

95






g FARL 79°81 6:97-%'1 s €L 09 s[230L
Iy 92-0 £0'0 191 €0 81°Z o ¥ 1 1+ds TaEIBUFO80D
L _£9Y 8L°0 60°0 19°'1 €0 . 81°2 10°0 09 1 w3y 7ees¥ (*V) ¥i6doiay ‘
) £9°% - 8L°0 60°0 191 €0 1 34 10°0 . 6°S 1 SyouscRss (-V) Fiodoioy :
‘ w 80 o1°0 . 19°1 €0 .2.« t0°0 €9 1 veon¥eTj 5917A%d -
AN £T°1 €170 L9t 1€°0 81°¢ t0°0 , €L 1 STEi037793 BeTIevTUOD )
8L m £v°0 $0°0 £e ¢ z9'0 S0'Y €1°0 ce-0c | vo | e¢ 4 1°ds (V) #XodoloV
) ,.!.S..w oy $5'0 19°1 T€°0 1 £0°0 ost | 1 SopTonTeTion FTAR 7‘
<56 : e sz°0 s 29'0 <oy £1°0 9°6-0"" 8t L9 z TI53TAT8Ip (V) Fiodoloy ,9_
wa | .eeor 1381 "€ETE. 29°0 150" €1°0 6'0z-TL | L6 141 4 suwdste e30doT1100d
IR 4 &1 . 82°ST. 9Lt ‘_S.ﬂ. 1€°0 81°Z 0'e . - g9z | 1 Jiouyosia €i0d{IUoN
812 g 650 £€°8 “gg°1 08 ) tz'o 8¢S T T o s ~ @am weiieeIvon
T T T e 69°81. G cee 29°0 S0y €10 v 1z5-0z]  9°0 oz | ¢ FiTequens vIATIOR . -
..\ w9z |- Y 120 8.2, %1 8z°01 €€"0 0" Ty 8¢ 0°9 9 TIT7339A F30dTIUOR
:.%, ’ 7%} 10°1 ‘nn.na IR TR 1 991 %0 ‘ $°01-0'2 (2 0'9 ‘8 ¥§05ni19A $10d0TT190d - .
) sy 6S°21 1 19°91 e 15°91" €5°0 sz1-00z | ve | ot 01| whgIuToRAy (*V) vIodordy
T evs to°zt . 6E7T £9°92 L6y 69-81 09°0 S 0T-9"1 e |ovs ] o9t z'ds (*3) ®eayaed
no .s 2y N
) 19803 : . ‘ - sel
e | | e | o e | e RS | @enesestoe
, , ‘ . LU £ S —
. Y )






99

8L°0 911 ] €8°17-1°T w€e | sts | o9 speIoL

89°¢ 0 0 L9°1 20°0 - 10°2 £0°0 - ,, 76°1 1 vT11A4doqo1

89°¢ 0 0 o1 200 10°2 00 - ve't | ‘U . - veiowmj weiiewida]

89°¢ 0 0 91 200 10°2 100 vz 1 WeYoT] (*d) #937303

N ~ [ S ’ |>- N .

——— z861
19A0) .

angea D134 1980) Kagsuaq | (7% 13d) Kouanbaagf . (w2 uy xadr0mrq Auo(en) (33 07) ®9 - a-n_qﬁ

2oue120dw] sapreqey | avadiag anjar[ay 1)15uag anyivpad Aauanbaly uorinaplIfIl - TTAS 29 a19€L -




a [
S — - -
| ]
ve*s 0T €00 09°1 90 z £0°0 st |t veioum] vea1891d91
%S v £0°0 13 S 90°0 z 10°0 te°s 1 SH10j 73193 ¥a136ETUOD
ve'S T 191 £0°0 191 90°0 z 0% g 1 S71ea193 (°V) WiodoIoy
68°S we %0°0 19°1 90°0 z L0*0 6 |1 veandind #313993991
<9 87 50°0 19°1 %°0 z 10°0 s6'6 | 1 o cony
(1M 8L°T $0°0 91 90°0 [4 £{0°0 . ot 1 { *ds wewaGujIe0)
sv'9 8L°T $0°0 191 90°0 z £0°0 86°01 1 TUBA{05 UIEIPUTO80)
L 91 £0°0 €€ o z 100 9-9 0 9 T §NAU]-UTAR]
9°¢ 95°0 10°0 £e°€E z1°0 B T4 > £1°0 wL€-7€°¢ €0 £5°¢€ z weant (*3) 9931360
1£°01 e e 90°0 |} - ec€ 21°o e £1°0 g6-6z's | 61 Jsse | T ~ syaeTeaToee] seReie
TR 95°0 10°0 3 81°0 s z°0 we-sv'z | €9°0 yg '3 ¥aodo1V
13 s R 19'1 9070 z 10%0 « 81 1 1 +do WuoAGq
:._3. . 8Ll 91°0 £€°¢ Z1°0 "z oo L6°v1-6v°'8 | 8Sy €Lt z wT1fudkietd vIodeTTIR
ST°ST "'y 80°0 -8 81°0 uts o cqa,.ﬁ,.n I STt € ¥1IND $2IIBWIUCK
1t s 60°0 ,m 81'0 s 20 feccot-vzew| tre - [esce £ wagIuToRAd (*V) Fiodoioy
86°61 we 20°0 £€e°8. 1€ 0 © €96 €0 6z -z z| w1 s8°¢ ' wi0do11¥90d -
1w €81 €€°0 19°9 w0 wee: (z'o 81-5L°L vs Jueen v w30d7Iu0R
ST°9Y e 92°0 1991 19°0 y1°s1 £5°0 go1-z{ 192 (8°9 o1 ¢ *de GudA¥g
vy £E €1 92°0 ot £L°0 YISt €570 s6'6-91°c| 8C°T 9 4 7 “ds (°J) ¥e17a04
IR ° ENh sa61
19A0) ) , (33 07) w9 ~ Avg woy
anyecp Juad1ag 13A0) Kaysuaq (™ 1a4) Kauanbaag | (2 :wawuw_m.,.._u._i»........l_m: g
Jouwllodw] ETN 1AL | U219y AATINTIAY Ka1ysuaq EISRLIEY ] Kauanbaay VO FIVGEAISI( REJRA ) P9 a1qe81

100



. 8T T e9e 81z zore | e | o9 TR
oo
L9°¢ 0o - 0 91 90°'0 4 {00 4 B O .n.—.—i.«u«uummﬂ e10dodaty
8Ly 1 z0°0 L9°1 90°0 4 - L0°0 L 1 Guyipueom €10d07(104
& HE S 191 £0°0 19°1 90°0 z L0°0 : 9 T w9 wia0399T
v's £9°1 £0'0 L9°1 90°0 z to‘o st 1 $0u0301578 Faoydoupkn
) [ $ A N
— S861
} 19A0) . . - ,
anyeA JUIIAY 1340) Kijsuag (7w 134) Kaupnbaay _(ud uy sad17me () Auoen) (33 02) @ 9 - Leg woy
ssuerrodm] FYSELIE.] Juadaayg’ aarInTay 115uaq EISETTEY Kauanbaay THoINGIOSI0 PZES o
‘ ‘ . P9 a1qel

101

i




-

ey TR 10°0 19°1 o1°0 €1z 10°0 ec U S TRSTo8e] vXEI)
76y A84 €0°0 £9°1 o1°0 13 484 £0°0 09 |1 Se5[nueI8 -Jd wIodTINON
26°Y 't €0°0 91 o1°0 et 0°0 ry |1 veinze (V) vi0doIoV
62°S 61 %0°0 19°1 o1°0 e 10°0 ‘ L |t T-ds sE007I0OR
9°s 8°1 S0°0 9°1 01°0 [ 4 L0°0 18 1 ToouaA 910dTIUOK
19°¢ 81 00 | 191 o1°0 e 10°0 ve |1 wIsjTemss (V) ¥i0do1oy
0v°8 1384 £0°0 €e'E 0z°0 S6°€ “ET0 IHAEN 0°0 sy |t _ wBoanazeA $I0dOTTIOd
256 LIAk4 90°0 et 0z°0 " g6'€ €1°0 $ 9-6'S 70 9 ¢ TPl (*3) $eITa0d
9L°T1 8y 1°0 €€°€ oo §6°¢€ €1°0 .q,..:-o.ﬁ 92 t's |t ety (-v) ©30doiov
. T0°21 s o 19°1 ‘oﬁ.o. [ % ¥4 00 AL 1S Jisuyosio wlodjIuol
8-yl yL'€ o010 00°S €0 80°9 0z°0 ¢'g-0'v} €2 ve |¢ sTaI0j7ieIead (*1) $36d0XOV
£9°L1 se°9 Lo 00°S 0€°0 ,S.o, ozo - ] oti€9 vz | 98 |¢ 7-ds (-V) ¥10do1oV
6v° Ll 192 o |- L9°9 0y°0 z;. Lzo S 9-9°7 vz | sv ] L #3305 9eiI89IUON
62°81 "®'6 z*0 00°S 0’0 $6°¢ €T°0 §°5T~6"S ‘n..m, ve | ¢ aTTjenY ('V) 9i0doady
1m0z €2 yr'o 99 0v°0 128 Lz-o 0-0t-6°s] - 6T el STeI0jTEvA (*V) ¥30d013V
68°L2 18°91 sy°0 00°S 0€E°0 80'9 0r°0 1°€2-0°Y 9°01 got| € C .umﬂﬂm..-mﬂmmww&
0z 1€ . w8l “12°0 €eUet 6L°0 £0°01 €€°0 S 1-$°¢ T s |8 z+ds (-3) ®I7I0d
09°2L 16°€2 ¥9°0 {315 89'T 9%°02 £9'0 orot-6c] 1T | 9Lt wyaugeeAy (+V) viodonv
i n s A N .
19803 | 1 \T‘ ; | ~a2‘ CT
aniea 1Uad13y 13A0) Karsuaq | (@ 32d) Kauanhnag - (wa wy £3ATDUC () Auo(n)) (33 8-€) ™ ¢°Z-T Aeg woudug
sourirodw] AATIV(Y _3uadaadd sajangay |- A3Isuaq ETSRETE S| Kauanbaay (Y G YRR EEXES e et
: e . < el aTqel

102



1°€2-0°¢

97 “T6S ‘ (i3 69 sT9I0L
16°¢€ 1o €00°0 - t9°1 ot'o [ a4 "S.o 0z - (317ueanc) - ds wiodot] ¥90d
. $6°€ s1°0 %00"0 19"t 010 €1z 10°0 vz  veandind venienade]
- -4 S Y
— . 861
! 29A0) . ) .
onieA IUI2Y 13A0) Kaysuag (g 13d) Kouanbaay (WD u} saIIdMe) »:o-a.‘;. (33 8-€) ® ¢°Z-1 Keg wouaup
2sur110du] anpav{ey RUTERL Y 3ArINIay | - AITSUAQ - PAFIRLAA Kpuanbary wofang sl A28 B
- . . ®/ 919®L

103 .




» 3
.
' . 1131 B o - 10°6 , 8°0E-v'T | 99 o't 09 [ stea0L

61"y stE0 %0°0 91T sT°0 e to'o L ; 6 1 TiToyo196 810do11190d -
61"y S0 40°0 RS s1°0 -z, too - ‘ 6 1 TIouyo6{3 ¥I0dTIUON
sy 19°0 L0°0 TR IS A o e 1T -~ . wdooyiey ServAed
£S5y 69°0 80°0 91 ST'0 (e L0°0 : 0’8 1 ¥3snqox (V) ¥iodosdy
z9°y 8L°0 ,a‘o.;o 191 sT°o e £0°0 i S8 L3 B TnEnd vensenidel
€S 't tro ‘ 91 . st'o ; e 10°'0 \‘ | et o 973Kayd - ¥7303de]
ws | Lo .19t _ ST'0 tvz | too ozt | 1 “Tsyymee8 (-V) Fi0doioy
£€9°L 920 €0°0 €€°c 0E0 0y €10 ovez| 80 e z . zeds (*) #3704
g | oty 87°0 ‘ 91 s1°0 tr'z ) oo 1oz J U] -‘suedare ®10do11190d
ozl 96 34 TN § 8 Tz t0°'0 . o o zU0e T %% ,
ccet | W6 T 19°1 sto (e 00 , o 1 1 3

= et | wert o i _st'o 68 o ciwz| et | Uy '3 : 57305 SSTISIHR
99°81 sy'e 90 : 00°s sv'o o129 T4l sl wes (314 e ] Txnopks viodor190d
8°22 09°2 g0 |- 00°01 06°0 - szrot €€°0 9 01-0°2 3> e | 9 ¥800N119A 93000111904
15 |- ot ¥8°0 00°01 06°0 129, “oz0 | cotvz] es | s6 9 1°ds (°V) $I0IHV
10°2¢€ £9°€1 SS°T 8 sero | stot €€°0 0°02-0°21 ze | et | s "I Er (V) 93031V
96" L€ et 99°1 € CT ozt | szot ccco | srorsy s A I TIT7ii9A $30dTI00R
szae | v | weez . 00sz - 9T 19 £L°0 s 8l-'1 s | ot | e shiaugosky (V) s30doidy

. | I R
e + — . s , < T34
130D - -1 . ; . - ; (33 8-¢) ® ¢*z-1 4eg vouaup

angep . 122194 sanoy | Karsuag | (7@ 23d) _ Aouanbaig (w3 u} £1330mv4q Auojen) :

asuerizodu] i IAjIv(ey JVaIDIdg aajietay | - Aysuaq ELYRTHE ] Kyuanbaiy ) uopanqiaIs R q. dTqel

104



-%

$0°y e 0 10°0 L9t ¥0°0 ‘90z 1070 -69°Y (on1q snoqers) ¥iodiIuok
50"y €0 10°0 191 ¥0°0 90°Z L0°0 8y°s 1 | #3eTa7393 -3 (V) Er0dOI5V
- 50°Y €0 10°0 L9°1 %0°0 90°2 Loo 8979° T . Suwdere wI0dOTT1°0d
ey v9°0 200 91 %0"0 90°2 0o L T SRIuTeAY (V) ¥I0d0IV

- Le-y ¥9°0 z0°0 19°1 v0°0 . 90°Z Lo°o Lot 1 R T £1T0)
€e°s 91 S0°0 .S.ﬁ %0°0 9077 L0°0 4 1 SUGTICA GUOAE]
s o _ 10’0 e £0'0 . 90°2 2070 6° 9=y %9°0 | §v'% z eiodTIuoN

: L6°s ez to'o L9t ¥0°0 90°2 Lo°0 6vu 1 TSR #TAS

91°L 0 o £e'€ 00 €8¢ evo | svzzi] eeo | €81 XA ot (*3) sITI0d n
] 91°L [} 0 €€ 10°0 £€8°¢ €10 9T E-LL'0 69°1 16°1 T ' @iododATY ~

8L 70 10°0 €€ £0°0. €8°¢ £1°0 18°€-7 et v6°2 z _Fuonvg

49701 TL9 10 L9°1 %00 90°2 Lo°0 69°52 T jxwopka eiodorTro0d
FZRT ET) 100 3 o 6 z70 s'e-5°1 101 852" € wiodotTiT90d
,.%.2 760 10°0 te'8 81°0 tL°6 £€°0 £-5°0 ot T Z I3 seindind son3eeidel

1981 o 10°0 €8 8T°0 z0°0t ve'o | svz-zet tvro | ger | S| SEeIoIpIeIED (‘1) F3odosy

. 89°9Z 61°¢ o £E €T 6270 9L Lz-o e 99°¢ 8 03 (°5) #7303
= €L°06 T 10°0 £9°92 650 812 %0 St L-1r°1 zs 1 65°¢ o1 735043613 SI0dTIUOR

LR i8°6L 33 751 BECK 90°Z £0°0 Cooresf 1 S9SSTIT FUOAF

, " 3 A N
. 861 ,
. 19A0) - ) L :
..:.:.:— IuI1g 13809 Kaysuag | (pu 13d) »u:u_._.u._u (w2 uy xa33awr(q Kuo(en) (A3 07) m9 - £eg wouaug
srueIodul angaie(ay 3432134 IAjINTIY 375uaQq anjIv Ay Ad>uanbaly woFINq LIS R

d¢ IYqeL




. .
O
o
€ne €'z - forves-teto| <91t os | 09 878301 : ’
€L'e 0 0 L9°1 %00 90°Z £0°0 ve't | 1 wy3ung
€Le 0 0 -19°1 %0°0 90°2 Lo°o z 1 $31I96IUON
€Lt 0 () L9°1 %00 90°2 Lo°o 9‘E 1 T
€L 0 0 £9°1 . %0°0 - 90°2 L0*0 we | 1 (*V) ¥10d03>
€Le 0 0 19t vo'o |- 90°2 £0'0 . 9 1 _#@ornoTIvoR (*§) 99371304
) w0 10°0 9°1 70°0 ; 902 Lo°0 ye'y 1 wYITT (°d) $9I7I04
n s A N , :
- . 86t
, _13A0) : (33 0z) m 9 - Aeg BOuauO
. INTEeA 3Ua013¢ . 23A0) K3ysuaq (0 234) Kouanhaay (W2 U} s13IaWE (] »..o_:.,:. . . '
apuelr0du] anjre[2y | IUId1dd aatantay | Karsuaq | - aapie(ad Aauanbaiy UoOTINQIAIEIE PZIS, AL -21qeL




5.3

\ . NN.«. , ,n; .no.a«-?g hco.s,%\zﬁﬁ ,.
Sé Nu.o S.c, ‘24. 26 .2.« S.‘oy iéfiou:ouaufd%
SJ -d S.o ﬁ; 2& Q.N S.o; a..ﬁ ﬁ %%
S.e .NN.o No.o .24 S.o 2.« .S.o o.« ~ . aai!s.?«._
S.e, nn.o S.e 24 S.o S.N‘ ,S.o _G.n ﬂ. 2.3...-.!8&328._;
a«.e 2.,@ ‘3.o; ﬁ..ﬁ ﬂ.o‘ ‘2.~ S.o A_SA.n ,~ -.I;SS&S?-B ‘
82°Y €9°0 90°0 24..,26 2.« ,so.o —%.o ~ uﬁn?uﬁ-&-#:é“
\ e | §9°0 , 90°0 wt €1°0 ez | w0 ‘ _ﬁ.n 1 F8oa1enbe 830001V \
.z...,m 61°1 1'e W €170 A A ) £0°0 3 .‘,;_S.S 1 W:mqﬂﬂﬂmqﬂmﬂuﬂ ;
, 65°S 9t _91°0 . €1°0 €1z 100 S LCAEA 1 . €ds WUOARg
288 T ero |} 1IR3 Lz°0 96°€ €1°0 sv-e-sys) vz  feve |t #3403 $RaIeTINH ~
, z8°8 - ™1 €10 sv°e tz'o | 96°€:. €1°0 6y 6-9L"S] $9°C 79"t 4 1*ds SevIVETORE) 2
se o1 v6'9 | 99°0 e tz°0 96°€ o | ggear| 90 furer | ¢ | wEwTmeny (+¥) viodorsv. \
T8t sor 66°0 v°e o 96°€ o 26:¢,c0rl oc wrz |z FFTTE (V) VIodoTV
€9°92 €Ty 6€°0 v€°0T 18°0 90°01 €€°0 zeot-1y°1| 9 J9S°S 9 z°ds (-3) ToIrI0d - A,
8L°9z €6°C tz'o 6L°€1 Lot '90°0T « ¢e-o ev-o1-91°c] 82z s 8 } (*V) ¥3odo13V
: 9012 €611 vt | 69 95°0 €28 2o | %o6z1] ey Jescst | v STOTTIT (V) VISTTV
sziz | o€ o J6L°€T o1 zan 0 6z s-ziz] 11t Le 8 .,ﬂﬂﬂﬂwﬂ,
E.ﬁ. 96°ST 1 299 t9°0 | €z8 Czo ferez-evior] 999 s9'st | ¢ snquToeky (V) viodoIoy \
91 1L 9eLLe 8Y’c o | et ; 9t°91 €50 €6 6z-Ly° 9] 9Lt 79°91 |- ot , wIcdTavoy -
| | f s A N : .

— - _ = <861

- ) aom03 |- ' , (23 02) 89" £wg woUSUO
aneA UL EBE ¥} 13A0) Kaysuaq | (% 334d) Kauanhaay (w2 uy K1320mr (. Kuogen) » ‘
asurrzodu] antae(ay | Iwadaad anrInTaY 175uaQ anfIngay Kouanbaay GOrINqIATSIN  PES : ] pL 21991

. ( * : ™ A




» 'y
- -
7591 v 7°86-0°'C o8t | et 09 stel0]
06°¢ 90°0 -100° 9t 10°0 e £0'0 6y 1 ¥3inD> vai38eIuoN
06°¢ 90°0 100°0 €91 10°0 LTt L0°0 .0°¢ 1 §3178ung (-3) ®1¥ung
06°¢ 90°0 100°0 9°1 10°0 ire L0°0 ) 0z 1 | (erweanr) <ds (-¥) wicdoisv
06°¢€ 90°0 100°0 91 10°0 (e £0°0 0 T SAQIUTORAY (V) wiodoidy
z0°y 81°0 £00°0 91T 10°0 e 10°0 18 1 S7197008 ®10d7IuON
z0°y 810 £00°0 91 . 10°0 e 10°0" st T syie[ngsaay (V) #iodoidy
vE'6 o0 10°0 00°S T0°0 90°Y €10 $:9-0°S 6°0 $°S € 1-ds (V) w30doidy
$9°6 19°0 10°0 00° g 20°0 vo'y - £1°0 $°01-6°9 12 88 £ P TL (*d) $17I04
g0l 81 £0°0 - 00°s - 20°0 12°9 0z°o 9°02-€"S 08 LR € #79%1yd ¥yioida
Letoz o 200°0- oot | oo sz ot €€°0 0€-0°z] 0 8z | 9 “(st3ueang)’ ds 836d5TT750d
vz L0°9 or'o L9°11 %0°0 09°91 Ly°0 1°92€9 8°L 0°st L g80on119A 810d011§70d
. 6S°te] ,nn\.ON. 6%°0 -9°1 10°0 I3 3% 4 L0°0 7°86 1 - weoiienbs (V) iodoiov
89°LY 6Tt oo 00°ST 90°0 - 6£°8 Lz°o 6°98-5°¢ § % 1St 6 8yT7qou (V) wiodoioy
or°8 6Tt o 00°07 80°0 1807 19°0 L7ET-6°¢€ 9°9 et | 2t #aedata viodoT190d
12729 yI°62 8%°0 £9°91 90°0 9y° 91 £5°0 0°25-6°4 6°€l 18z | ot Tanopda wiodorT¥30d
‘ . : n s TS
7861
- u,u>ou . . a3 .. -
anyep UadAdY " 43A0) Kaysuagq (zm 134) Aoupnbaay S (w2 uy sad3mr g Auoge))) (37 01-9) ® £-Z pueys] nnuny
2>uwiroduy anjIe [y Ju23134 aatITTey m:n:an anprugan Aouanbaay GBI VR PENS . v oL

108



109

961 , 15z |- €991 | . 8% v 09 steloy
98"y ¥9°0 10°0 210 S L TN 1138 o | - , o |1 | Swuep 830d01T790d
J R) © o990 10°0 | 91 %00 ST . 10°0 -7 . . $'9 T | sysuscaes (V) eiodoidy
Lo 05°s sz'r | oo 19°1 w0 ] stz £0°0 , e | Tsusdecs sa37Aea
R 'R oy | 100 91 %0"0 . §6°2 10°0 : , R KX L Txnopke ¥364011790d. .
sLUsT 69°L A € 80°0 R | €1°0 o'o1-6'6]  cev | oer | 2 SIRTTAIEIP (*V) FodoTV -
gosT | 1979 otro | . 00°s crvo | ewe 0z'o ress] se | 9 £ ‘ #3105 ws1389IU0N
9681 wewr | €20 1 | w0 sz 10°0 . s €9z | 1 e159711936 wTASL
, 11°92 29°6 sto | 99 ] ro 86 | £z2°0 0°€1-0°S e | eor | v}  1-ds (°V) ®Iodordy
so'6z] . o'l 10 0001 $2°0. 00° 21 €0 " Z1-0°C 8'c | ©9 9. ~ wus¥ars 8304011904
- zicer]  ostor o X o et oro | oer-se sc | w9 | ot #8on119A 30401171994
819 9¢:92 8E°0 ot | w0 |1 eoun oo | westese vy | oot | or suyoeky (V) v3odoray
. €e° L9 gzt | 610 ceee "0 " w81z ©09:0 | syr-ecrf o |Lwy oz ‘ ¢-ds (°d) SeI¥0d
. . . "o s | A ] w
. e : . e s861
N 219402 - : . - : - . ,
anfea “ juadiaq | - 49A0) " Kaysuag | (pw 33d) Aauanbaig L (ua> uy w3100 1 Auoyo)) 33 01-9) ® ¢-7 - PUB[S] nnuny
ouerrodui FYCETT ) Jua2194 ATINTIY 11 5ua(q angIviay Kauanbaiyg woringyad BEIES




» * »
90°0 ) 15°0 : avi-st| et | soe 114 ste30]

256 0 0 [y 20°0 s€°s iy st |1 - Fyeqaiee vjAea

I {3 (] 0 LTy 20°0 se's L1°0- \ 81 T veIndind FeiienideT
,\ 256 (] (i} Lty z0°'0 s€°s ?.o £ 1 5777408 (V) v3odeidV
26 0 0 ey 20%0 se°s (to , vse |1 | 1-de ST

56 (i} 0 Ay 200 se's Lteo ) ey |t VEEN{0 VeRIVTI0
89°€T o 0 X} %0°0 s L1°0 'e-s'z| 890 86°2 z w78KaGd ¥7303d%
61°92 £9'91 10°0 Ly z0°0 st tro 8y°L 1 STIS[N3108%] WINET¥D
8€°SE. £9°91 10°0 €8 %0°0 8c ot £€°0 $°5-96°2 8°1 £2°y z waInt_(*d) ®2I1i0q
8€°¢E . £9°91 10°0 330’ %0°0 8¢ 01 £€°0 ‘ 9wz 1€z ey | oz $2i09 §91160IUON

8€ st - 19°91 10°0. €cs %0°0 .2.3 £€°0 cerr-svz| ovee 6" z ®3987{[ea9 vTAed
S%°901 X1 720°0 L9°1y €2'0 Sy TE 1 es-z] 9T 82°¢ ot wus¥a(s v30doT(196q
: | [ s A N
4 61

219000 . .

anjep wad1a4 1340) Lagsuag } Aw.. 134) | Kauanbaay . (w3 U} %13100 ._.rsms.,:‘ (33 07) ® 9 - pues} ==€<
a>ueilodu] sapIv{y i ,u..eu._us_ ATIRTAY RRELET(] anjivgay *u:w:_r......_ uorlngpIs PRES, 28 arqer

110



€81 £v°y epet-t | osee | 29 8¢ steI0L -

vy 50 10°0 L 80°0 £1°2 10°0 wece. |1 ‘Fuostaydads (-J) #3I1I6d

96"y 60°1 ‘N,‘o.a TR | 20°0 £z 10°0 62°S 1 _ 1-ds WuoAVq

6475 991 £0°0 ot 80°0 €12 10°0 £6°9 1 mwﬂﬂloﬂﬂmwwmﬂ
v 0 o SY'E ST 0 . $6°¢E €10 TASE A LM so | et |z TIoupoeTe #I0d1300H i

6v°8 60°T 70°0 (T3 ST°0 S6°¢ €1°0 19°€-97°¢ s1°0 LS°E T ¥3IN5 $9138EIVOR

) _ 1€°6 9y°¢ 10 #A a.o.c €z 10°0 vzt | T . ¥Ie¥f{e3s wTANa
65°6 61°2 %0°0 {3 _s1°0 $6°C £1°0 26°5-62°5 $v°0 19°S z ) 1°ds mui.aﬁg .u
XA 2c° 01 61°0 ‘e 8070 £1°2 100 et ot vujapussa 9100011904 -

: 85 91 99°¢ T°0 s £2°0 $6°€ £1°0 $6°01-99°% £9°c 20°L 13 , £-de HoAsg

8L°L1 __ﬂS 6170 LK sT°0 $6°€ - £1°0 16°91-8°6 99°¢ 6| ¢ ¥soanIIon E&m:{ﬁ...m

| %0°92 6 o0 A 6'9 €0 128 £z o -t so'z | to'e Y 1+ ds eI6dTIU0R

69°8Z ~Y8°6 8t-0 29'8 ‘9€°0 - “co°o1 €€ 0 11-69°2 79°¢ STt S yxnop&e wIodoT11o0d4

T 191 92°0 ot 9%°0 £0°01 £€°0 ST B 8t 90°8 9 -..___u_:,u;._ (-¥) iodoiy

96°6€E 6172 v0°0 L IAA 90 | 9t €50 b2 9-ST°T w0t | esz or sI0doT1190d

12°Le L§°2T €270 118 69°0 e €0 69°6-92°Z 8°Z 66°S 6 veoinoads (V) ¥iodo1sv

76°1Y 20° 21 770 sL-cT 19°0 , i €50 o1-18°1 8t | w8 8 z'ds (-3) §337i0g

_ " s 2 " et
, ‘3380 R : (33 02) ® 9 - 4®g n,nuny
anep U213y 13A0) Laysuag | (v 23d) Kouanbaay (w2 uy s3a30wr i Auojen) :
TuTTYOdWT oy WII3Y- aAyielay A 18Ua( anyregay Kouanboag g .5:.::.._ [ EAT(N RES RS P8 919®L




asuriiode]

* [ )
, - ) ) =
189°€Z 9¢° 01 #'66~0"T 6zl 811 09 sTeI0L

ey %00°0 100°0 £9'1 81°0 19t £0°0 0°1 T S7iIojTIe] 9eI1I88TU0D

16"y Lo %0°0 191 81°0 19'C . t0°0 oS 1 Seandind seTIseIde]

96°¢ Lo tro 191 810 19z 100 1ot T SusHats w10d011790d

<°9 e 05°0 0T 810 91 10°0 881 1 suemnI03 TAVE

868 €T 1€°0 00°S 95°0 19°7 L0°0 0°11-6"Y e z'8 3 305719y PeITAL
- ST°6 .Y yn 191 8T°0 19°z L0'o sz | 1 visjTeesy (+V) 930doisV

v9°01 890 910 00°S v$°0 9"y €10 8:8-0€ | 62 s |oe ®a971920 (V) waodoisy

1€ se°T r{3{)] 00°S - 95°0 96°y €170 '6-1'8 9°0 Ls ¢ | svaozyIeaes (*T) s36dor>V

16°z1 vE°0 80°0 “00°S v$'0 £9°L 0z'0 6°7-6°C §'0 } o€y € GIYITT (*d) $9ITI04

6%°91 9%°1 990 00°S v°0 €9°L owto 0°ST-6"Y A4 €6 | € TI{ap 398 ¥10doTTro0d

$E°TT so't |- ¢91 £9'9 Lo €9°L 02°0 - | 0°%z-6°S $°L 09t | v , 79K §7303d91

v8°67 06°T $v°0 T 1148 ¢ (st 0v°0 6°6-5°¢C sz v9 L STISTROTI8E] BIXNTED

96° 1% %8 861 €e 8t 61 LSt ov'o | 81z-0°S 6y €0t L8 wsanzs (V) viodoiov

89°85 L8] R4 91 81°0 19'2 (o vse | T ShEIEToeAY (V) ¥iodoidy

R oSt 09°¢ €€°82 vo°e 96" (1 ty°0 T €2-6°¢ ‘€S i | o &7TIq00 (V) ®acdoroy

. " s A N
- m—— - , z861
ante ucww“”u J9A0, »uunb»n (79 134d) Aouanbaay , (w3 uy £333amr i Auoon) (33 oulmv
20de o>due.u“ uao»uow. anpam(ay 115UaQ s>..=_ar Kauanbaay GO INQIAIR | P2l u €-$°T - UT0d FIMITH

86 21qwy

112



. Nn.d . 89°€T o 1 o] 1 't | 09 | sterer.

&..w WO | 300 L9°1 A S_.N, Lo | o ooes ]t . wuedars vI0doTTTo04

) 1S w0 | ool it | tzo 6z | o | , et |t | “PTTTed wTAvd m
769 T3 w0l v | ezo - 69°T cte0 | oer| 1 ; SesoRTIaR SIUGTTTS08
€L S..o. ol et | o 00°s evvo |vstsrer| er | sw| 2 | vommw v sedeny
set| e | ool £9°9 R.o BPTY 0z°0 0°ZT-6°¢ v'E s y _waanze (V) ©Iodoasy
8t°1¢ SOl T ] (T3 . 9%°0 00§ 4 A | S 97471 o'or st | ¢ ; ﬂuﬂﬂﬂﬂﬂdﬂ
«nllﬂ.«nn.....lwﬂ.ﬁ 660 TS G G €€ 0 0°9T-L°¢ €y 6t | ¢ ] . wriieen (V) vaodosy
— e ) K T —T T 69°C G — 1 T 1 ¥asnqol (V) wiedoidy
o] . Tiet vz ‘ £t | oert 69°Z1 £€°0 ooz-6't] 6% FR4( 8 s TGN ¢ ¥iodoasy
ZE18 | LTy 05°0 . £9°9z e | 860z - €5°0 S TT-9°1 vz | - se]- oot z°de (*3) $e3jd0q
R 1) A 80°1 et | 950 [TH7 190 vor-v'z] o1t | ze] oz §1avInoTose) vexwisy
] - y no B Y O <861 ‘

- FIIJ 1 , ; - o , (33 01-6)

antea ucwwn”w 13A80) &atsuag (zu 12d) , Kouanbaiy | o (W2 U} £3310 .:._. x..owa.‘;.. | £-C°T - Jugod FIMIWR
(w:ﬂ..rnﬂn PAFTCTIY IUIITTY RAITLAT) B EEETRLLC N INTTRIN £yuanbary TOTINTOETA ZTS a6 ST9L




L »
.

68°L ) sz 98°80L5. ¢ | gooet | oweve | e stsa0L
6y 0 0 68°1 $0°0 10°¢ 80°0 \ P 1 $30d09ATV
6y 0 0. 68°1 S0°0 10°¢€ 80°0 vze | 1 TUBTAGA DUOAEJ
~tos cr'o 10°0 61 0°0 10°€ 1 80°0 L6°¢ 1 viaeInse (“3) Frdund
£0°¢ £1°0 10°0 681 50°0 10°¢ 80°0 ey |1 E393805 STTTAG@0GOT
ST°¢S $7°0 70°0 68°1 $0°0 10°¢ 80°0 6°L 1 (e3ruE(dxa) 7°ds 6317304
16°9 £1°0 10°0 we 10 10°€ 80°0 gve-vicz) €60 82 z STSUSATPTEW BUOAE] -
956 €0 10°0 1% 1°0 -49°S sT°0 stre-sv'z] <0 12 z 79K eFi0ide
e 61 ST'0 e 10 99°¢ 10 w61 - € oot |z z sue¥ars erodotriood
1811 15°0 v0°0 99°¢ y1°0 99°S sT°0 6L -9 66°1 £L°s £ USPITT (-3) s9ataod.
$6°€1 920 90°0 557t 61°0 ¥9°¢ ST°0 1wee-gsey| eect Jset9 | ov STaioFTIaIeTs (*1) FiodonV
' 69°%1 8¢ "0 £0°0 99§ y1°0 598 £z°0 - ] sv-9-vsce] vt L6’y . e  opice FIOWIOTAIS
§6°L1 sT°0. 0°0 g5t 6T°0 ST 0T (20 vz y-9L°Z] §9°0 89°c | v vaIny (-3) 9937404
§6°Z¢ 12°9 69°0 60°ST 8¢°0 $9°11 €0 ZELT-9vE] 9Ly 86°8 8 5717900 (-V) e30domoV
£'09 82°7 81°0 80°Z¢ 18°0 v6°ST 69°0 sc-ot-zz 1| €vz UM I3 FeoTnojIuom (°§) 8337304
29°56 $6°98 , 99 99°¢ ! y1°0 10°¢ 80°0 980T el pyy | o0 ¢ T9GEp (+V) VIOdoTIV

) n s T N
- 413 S ‘
19A0) : :

) anyep 83134 1380) Laysuag | (;w 134) Kauanhaay ; (M2 up 513101 Auogo)y) (33 07) @ 9 - utod FIMI®H

asuejiodu] anjIe(2y UaN1IY aajIn(ay IjRUaQ aAe LAY Kouanbaay (YR DY ERENT] BEYES : :

-96 21981

114



*SUOTIBTNOTED 19430 3Y) wWioj PAPNTOX3 pue sasayjuaied uy uo:.—wa J0 suoyjeNOTEd 3yl U papn[duUT 3ie

e elep oal Iyl °ewIep omy aq1 &q padweas aian uu:«v:«u ino wayy w:«uo-u_.ou Aq v:w ozm:o“.nu K13a a1aa waouunsvu (*V) ¥10doidy jo sayuotod Iydya aqd 3o onL »
) 671y ) 69°T1 - ssz-y1°1}] 19ty | 156t | 19 stel0L
£2°s o 0'0 v9°1 61°0 e 100 ‘9 1 Topiom $304doiA3s “
, , : ‘ , -
sz y1°0 90°0 91 61°0 tye Lo'o 929 1 TTisyo398 waodoriracd
69°S 85°0 vz'o v9°1 61°0 TR 10°0 ‘ 69zt | 1 FmN{05 §I8IRUTIB0)
s . €9°0 92°0 y9'1’ 6170 e Lo'o et | 1 sTai0jja=Iead (1) viodoroy
) . 98°¢ sL'0 1€°0 v9°1 61°0 e t0'0 AL O B sTieeisd (V) #iodoisy
6889 8L¢ st 91 - 610 FIX 10°0 veze | 1 snYIuToeAY (V) ®iodordy
8°81 96°¢ 69" 26y 8570 66 0 csz-s19]  sse€q w996 | € STi7qou (V) ®iodoasy
60°LY v9°L1 «?w%mmT TUet €9°1 vE 91 60 12'92%gc.y o] a0 | 8 wsoiawnbs (V) $36d035V ]
» $8°€L yL°89 43¢ 11 v9'1 61°0 - e 00 ) vzeget| 1 spasIndaliy (°V) ¥iodoiv
£9°€21 “99°€¢ 1S°T 69°0L sz°g $°6y 1 ZrU8-y1° 1] 86°1 1wy | e . grds (*3) seITd0d
N s Y N ,
e S861
19A0) ) : -
anyep 22134 419A0) Kaysuaq | (zw 13d) Kouanbaag (w2 vy saa3sueyq Avogen) (33 07) ™ 9 - 3uF0d FIMIT
sruwrsode SATIC LN u:JUuum anpieTey K1ysuaq aA R AY ' »u:ﬂ..c,.:.,,. ._a_,u.,::.. P7YS . P6 3TqelL
R . 4



. e
"

81y 0€°o $0°0 9°1 €170 12T 0’0o ’ 0°L 1 snyauyouky ('y) ¥iodoaoy
8%y 09°0 010 no..‘ﬁ. €1°0  F AR 4 L0°0 .a.a 2 80UGD010J6 Bi0ydoupiH
61°¢S 1€°1 o0 91 €10 A4 {0°0 Ry 1 g -de Fuoaeg
A 99°0 o €ee {z'o we 0o 6°8-6°S 8T Tt 4 ST18INOO88] BAXE[ED
05°9 29°2 290 G.H €170 12°e {0°0 19174 1 vprITed syAEd
19°L -81°0 . €0°0 €e°¢ Lz°o - oty €1°0 6°9-0°1 8°C 0°t z 1°ds vagiwvuyd80D
19°L 810 - €0°0 €'t oLt oty €1°0 , 0°9-0°¢ 0 S°€ [4 vainze (V) #30do1dy
1L°s €8y 18°0 91 ‘:.e z°e {0°0 eyl ouuu,:ﬁoua BAR]
YR 161 . £E°€ 1z°0 oLy €10 1°91-0°¢ 8L 9°8 z §3I00 BA1ISVIVGH
98°8 €1 2°0 €e°¢ Lz'o oty €1°0 y°€1-6"9 9°y 2701 4 €I8UBTAWOD 831FACSA
80°01 0z°9 20°1 9°1 €1°0 12°T L0°0 {8 1 SUBTIUA FUOARJ
1L°01 82°€ $S°0 €€°¢ Lo oty €170 T IT-t°s 0zt 8°€l 4 Txmopha uuono:uuom,,
0s°61 29°s1 T9°C . £9°1 €10 12°T L0°0 -0°08 T @uucuauuu.i. 8331104

. 96°7T 80°61 0T°¢ 9°1 €1°0 :‘é N £°SS 1 1°ds wuoaBg

; -

1. % [T TL’o £E°€l 201 29°21 0y'0 5°ST1-0°¢ €'Y 8'6 8 ¥8ouaa WaodTIUGH
98° %€ K 96°0 £9°91 €L 1 €8°91 %0 S ot1-L°1 9°Z 6°9 1]} - F111233A waodjvoy
me.n.n o%°0t _ot°s €Lt Lo ot’y £1T°0 9°65-L°9¢ 1°91 '8y 4 8TW10JT131 €31389IUCD
z9° 1y 99°¢ 85°0 £€°€L 8°1 €8yl S.o 9°€1-0"1 9°¢ TS LA 2°ds (-3) s?337104

[ s A N .
——— - . 861
anao) | - . oL . ;
ELY L7 32323 A9aA0) K31suag (2% 234) Kauanbaay (W2 uy saa1nry Auogny) (33 01-9) & g-7 - Auq veeley
25uB3I10du] AtV (Y uada1dyg sarIRTIY Jysuaq EIYRITES Kauanbaiy e T T TR LA LA b :

. ] o - ® 01 21991

116



) WL | 86°L ve6s-o0°tl 121 6°0t stelor ;
06°¢ 20°0 00°0 91 “E1°0 7 00 0z #7Te7513350n9 iodooATy
00°Y rA z0°0 19°1 nﬁ.b, 127 ‘to'o o'y (a1709AN() *d8 mucuoazuom‘
00°Y 1°0 No..o ne.w t1°0 - 1T - to‘o ’ 0y [FRErEL tuﬁmouuuz
90°Y 81°0 €0°0 19°1 €1°0 -12°T Lo'o nn saxndind wvaxiseaden
90"y 8T1°0 €0'0 9°1 €0 12°2 L0°0 c°s TipwA (*V) $30doisy
81y 0€E°0 $0°0 L9°1 €170 12°C No.,c o't TajeqIqdoTiin uwoao«uuz

" s A ) :
. . - T et
13A0) ) . :
anjeA JUIIIAA,Y T 23A0) Kaysuaq ANE 1ad) AKauanbaay _ (33 o1-9) W ¢-7 - Aeg vseBey
2auerzodu} FYS SIES Juadaagd aAjINTAY A118UaQ angreay Kauvanboaay - ; -
' ~BQT 9Tqel




118

0T 219¢1

| ] [ ] "
£6°1 62°Y 6'92-0°1 £y €9 09 s1e10] ,

" 60°s 260 10°0 e oo 06°2 £0°0 ‘ os | 1 1-ds SFodyavon-
49°9 L0°'2 %0'0 L9°1 L0'0 06°2 to'o 6L 1 JisuyosTa €1odfIUoN -

. 79°9 10t 70°0Q L9t 00 06°2 £0°0 88 T ; 3!:«-8 8937A81
926 25°0 10°0 A v1*0 6€°¢ €1°0 - 6°€-0"€ 9°0 st z ¥IIITHIP (*V) wiododay

96 wo°1 20°0 €e°c v1%0 " eees £1°0 ,o.q-m.m yo . 8¢ >4 1°ds. (*V) ¥iodondV

, 6L°01 9 o 191 Lo-o 06°2 Lo‘o \ \ got| T ®3IND $21388IUOH
6 °01 1248 ) o L9t L0°0 06t L0°0 : st ] 1 “aTeqaqdofike SIodosisy
£8°11 e 90°0 £e'¢c 91°0- 6675, €10 z°6-5°S ., 9z 9L t ]l . 1ds wuoARg
[I9EA £9°¢ £0°0 £€°€ 10 6€°S €1°0 c.S-m.n, 7’8 . L 4 ﬂﬂﬂ.mwwﬂ.ﬂm_n

v 61 s 1 €0'0 £9'9 62°0 N4 Ltero . o..Tm.N 60 ze | v * SAIuTouRYy (V) ¥IodoV

| L0t Y21 92°0 00°0T “ev0 0€'g 0z'o N..:-o..o vz | os 9 " YIT7iIeA #30d7300R

66°95 Treee - 29°0 L9 05°0 oz Tt (o R 15 A gt zot] ¢ §809n13aA ¥10d0T1F90d

B TAd 41 05°82 - £570 00°0S 91°2 0z°€e - 08°0 ott-0't] < ez | os ] o 'ds (*q) ®937104

‘ a s | 4|
— . ’ s86T
19A0) . g . - ) B
anyep IUADIY ~43A0) Kaysung :A.ms aad) Aouanhaay . (v up sampure g Kuogen) C.u 01-9) w ,nln - »-..n dn-u.-ﬁ
2ouelagdu] aajIR(aY FL'ERSE X m:u.:wx 115Ua(Q ETYRIIET ] Kauanbaiyg (CYE I TENELT) R



e | ettt

12°¢ 9°0 10°0 . %0°0 65°1 S0°0 99°¢ 1 Goonxa[j 5237ABR
29°¢ 18°0 20°0 wn %00 6s°1 s00 L 1 SYIeINO1088]  GeXET®D
29°€ 180 z0°0 . 0°0 651 $0°0 et 1 w30do31 15V
29°¢ 18°0 20°0 v %00 65T 00 . | . . 18 T #36d011750d
8y 18°0 70°0 "z 80°0 65°T T %00 st-s'y | 1t 9 z | (umoaq) FITFITSA SIodTIUOH -
€9°s 4 4 L0°0 21 v0°0 65°1 -~ 50'0 gLyl T Jumogy ocy 1-de FicIcERES
10°9 2°0 10°0 v 80°0 Lre 10" ty'y-scof 182 67T (4 73 (5) 5937304 .
.B.w €2 80°0 w1 %0°0 65°1 $0°0 sz'91 1 tuﬁole 1-ds FoeIERTIE3
78°9 1271 €0°0 wz | 800 e 10 $6°6-9v°c] 6S'Y 1 IaL ] 4 " B3wwie e12Fua000T1Ag
9L 18°0 "20°0 99°¢ 1170 e 1°0 z6°s-Tv° 1) 6%'2 ey £ waa8eydiy o
e 0 0 99°¢ 11°0 9L°Y st'o | wzezecct] 9zco Joesct £ 100094V - -
288 20 10°0 99°¢ 1170 9Ly S1°0 wzey-sv°z] <6°0 ST'E £ ®sorrojIucw (*5) 8317304
v 2t 19°1 %0°0 #8°% s1°0 s€°9 z'0 N«.N-:.N 70°2 ww.m ) 5¥ARd
97" 91 £27¢- 80°0 88"y s1°0 69 0 jse6'o1-zv-9] S6°'1 o1'8 v | TTouyDsTe SI0TTIUON
£5°81 sv'9 91°0 et £2°0 9L*Y sT'0 jTvizi-ise] €Lt L8 9 ¥3In] (-d) $33730d
SL° 61 T 90°0 86"0T. L .mn.‘o 0 8e-6-6'0]  €5°7 | z8°€ 6 zeds (*d) .&C&
95°9¢ 9t 60°0 oL £S°0 (8°S1 50 TLL-9L°T 91 95"y i o TIBINUTOH0D -
1°§ zeest 8E°0. €0z v9°0. <061 9°0 81-96'z] 85°% st o SRTIA FUOAS]
50°09 TLALTS se°1 "Wz 80°0 L 1'0 |80°59-€69 AR OO I (X z Txnopks ®10dor]190d
] s ‘A N , ‘
. » - - 2861
19A0) g - - . = .
anicp PUERS LN 23A0) Kaysuag (7w 1ad) Kaupubaa g ® - Au.u 0z) w 9 - Legd uuuuum
Jruersodul aapae(ay 3194 aajaeiay K1ysuaq anpre| Ay Aouanbaay || c

201 21981



B 8y°Z €1°¢ 80°59-6°0 St ss°9 (4] syelol
18°Z 0 .0 [{ Y 90°0 65°1 S0°0 1t 1 waindaind w3139v3day
18°¢C 0 0 74N | %0°0 6S°1 S0°0 3 A4 1 ' FjeuNiduod S9ITARS
: 18°2 0 o w v0°0 651 €0°0 %4 1 (*3) sei730g
A 1872 .0 0 1 %00 65°1 $0°0 'z 1 veasea] veiiseIde]
12 b0 10°0 21 v0°0 65°1 :50°0 6y 1 1°ds WioAeg
. - " s A N B
e SR - 861
19A0) . ‘ . : £

anyep 13213 1303 Kaysuag | (zu 23q) Kauanbaay (w2 uy sa31nmeiq Auogen) (33 02) = 9 - fea wseBey
saueirzoduy anjae 2y PRI TP EISSLIETR K11suag EYSRIIET Kauanbaay - TTET R AT = oot r:nh

120



. 1 o B 4 ¢ ‘ 9°s. o i ‘ em.am-z.w 68°sT  fozosT. | 09 sei0L
90°y “s00 | 0o | ot | eo0 N1 4 Lo'o. o T Lese T voindind senieeIde
we | eeo 100 TR o0 | ~wez |- 10°0 , , 66 | T | R
te's ) T 6270 19°T 61°0 S X 2 wo | : © leset 1 | ¥s05n139A $I6dOTIT90d
e | w0 -] co0 e | eto | €y | - ero Jerv-wee ) o Loy z - viodorTy90d
108 | . eto | AL 113041 sto | v | €1'o Joos-z6's | ST 669 |z ~ 1°ds Feeavu1as0D
A 95°0 210 Ceee 61'0 | sey . €170 __3.2.3& e’y juss T SJ1S[NIJIsu] Baxvle)
- z0°ot vz $°0 T g 610 - sEy €10 wa.&.&.: Y w2  wieder
eIt | e 6€°0 ; S ~8z0 | se'y 1 ero ,T.ﬂm,;.,a 16z Jerer | e - wHeyaeA wuoAw]
$0°1Z . wez | €9°0 _ o1 BRI | €06 (o T.:.ﬁ.n €S s9'8 | 9  ¢-ds wGoAwa
69°%Z 821 KT S 1AL 69°9 | z'0 f6rav-v6'8 | scoz [so'Te | ¢ ~ Y¥nopke ¥10d6TT1904 -
.,S.on s9°L ] sst ) O 95°0 8€°€1 9°0  Pece-ove a~.,.\2 ezvor o o sue¥ata. viodoTii504
Coeette | -t 2o €c81 ot | eea ) es'o | eeet| vz fzes wi . - gds (+d) weaviea
tzeer ) €s°69 £8°9T gece ;.T B (2% €0 pscse-verz| etz | 9tz oz k - S3odTIu0R
| iC s | 2| v}
. . — ‘ 1 N . B , wms
. 19A0) i : . . : . . . , .
antep jJuasiag. | aan03y’ . Kagsuaq (zw 194) Aduanhaay _(u3 uy saarowreg .m.l:‘w—H.‘; ) (37 02) w 9 - keg eewleyg
soueziodu] InjIV (Y uada1ag PATINT Y K1ysuaq | ELNRLTEN R ~ Kauanbaag . VOFANQLNSIG P2IS
: . : POT 1481

)
MG .
¢

L



X

€1y 61°0 T0°0 9°1 €1°0 (XA A L0°0 . 9y 1 wjeueTdwod S821TARY
gLy 61°0 z0°0 £9°1 €1°0 e - nm.o 'Y 1 nlaa.,__,u.aouuﬂm. siodosiisy
iv°y L%°0 $0°0 9°1 €10 et L0°0: 1L 1 fjie[nojosej vaxw[e),
___88°S 82°0 £0°0 £E°€E 92°0 e L0°0 0°%-0°¢ Lo St z (3TTueanr) -ds ¥30d01750d
88°S 82°0 €0°0 €e’e 92°0 e uo.o, 6°€-0"¢ 9°0 <t T snyupowiy () siodoidy
‘96°9 oapn (4] 9°1 €10 NNLN na.o S L1 1 Wi10oFT8Y 6231TAR]
[ 7858 ©oet'0 70°0 €e’e 92°0 - t2 Al ] €1°0 (i3 b A4 11 '€ z BIIRO BA1I6VIUOR
,nn.n 82°0 nc.‘o €€ € 92°0 "y :.@ 9°4%-0°'2 81 €t [4 1°de TIodFIUOK
€6°L 8€°0 %0°0 €€°¢€ 92°0 2y £T°0 9°9-6"¢ 50 ] ey z 1-ds WeeavuTIE0D
e 8270 £0°0 0’s 07°0 67°9 02°0 S €-0°7 8°0 82 € STPTATA 930009ATY
< 60Tt sy°8 06°0 no,.ﬂ, (A 1) e 10°0’ S"62 T suTanIol efARd
z9°st ey "o 00°s 3& 6%°9 0z°0 6°61-0°¢ €6 €6 €. ' wecusA mﬂ&lumﬂ
79°s1 10°8 30 €e°c ow.o NN...\ €10 €°82-0°9 8°st Tt k4 S§TNI0JT13I81D (1) ®zodoidy
S5 12 - Y80 60°0 00°01 6L°0 101 mn.o 2°6-0°1 o.ﬁ, €€ 9 z°ds (*3) ®9Ifi0g
09°€Z 1 60°91 w1 nm.m 92°0 . [4AR & €1°0 8°LE-T°ST 0°91 s 92 z B50NXATI 6IIFARY
16° L€ 60°€2 9z €8 99'0 6v°9 02°0 0°0E-°2 8°€l ost| s F79kayd F7i0ide]
6270 £ 68°7 9°9 £s'0 6%'9 - 0z°0 ‘S'9€-8°8 s 11 L 14 Y Txnopka ®iodoyT¥a0d
T zees ts°9 | 0L°0 00°0¢t ) ez SLU12 No.o, 0°0T-0°T 9°Z ‘96 81 " JITTi39A ©i6dTIUON
. " s A N ,
e - : .
) 19A0) , oo - 861
anjep Uad1dy 13A0) A3ysuag (zw 134) Aouanbaay ) |k£u u} tuWMuiﬂw:<hmmhmJ, (33 01-9) ® €~ ~ ussae] .2de)
ou:-quQE— ajIe Ay UI2dd aayINTaYy ERRL ¢ .,s>_a=_uz Kauanbaay nogInqEeIsg o "74S .

1T 2198l

(

122



¥$9°01 i - 88L ] so-01] L6 68 | o9 |  steior
86°¢ %00 ¥00°0 191 £1°0 ez 00 oz | 1 STR1077357 §93 1887009
£0°Y 1 60°0 10°0 £9°1 £1°0 e £0°0 ) 0t 1 ¥80] [96¥] 810d0BTF
B b A N :
. ——— - - 2861
1200) , . , . - de
anyep Juadaay 19402 Lgsuag | (s 224) Kauanbaay _(ma vy s1318me kuaion) (€} oﬁuov ug-7 - noamﬁm ade)
3sueliodul anjlv(ey LU dATIR]BY I15uag AApIRAY Aoruanbaiy UOFINGELIS (| BYYES .
3sue. 1 - — 11 TqeL

123



'Y ) - -
. %
0z°s 9z 1 81°0 9°1 £1°0 e L0°0 1€t T . vaTeyIydojake vi0doea sy
. $S°S 19°1 €2°0 £9°1 £1°0 z°e £0°0 0°S1 1| SPauToeky (V) ¥iodoasy
91°9 95°0 80°0 cee 92°0 ez L0°0 - 1'9-6"¢ 0°¢ 09 4 GHOUIA BUOAE
w%°9 ¥38°0 1480 €€ 92°0 Lz'z L0°0 . S 01-0°¢ £ 89 t TIFFTI318 ETAE
69°L v1°0 700 £e°e 92°0 Ty £1°0 $°€-0°¢ %0 €€ z asusp #3640T1150d
9L 69°0 L0°0 00°S 6¢°0 ez Lo'o S L-91 1€ 180 € STWi03j 7191 ©2138¥FUO)
60°6 ys-1 22°0 £€°€ 92°0 Ty £€1°0 L°11-8°8 1°Z €01 3 - ®ainze (°y) ¥iodoady
69°6 SL°S ®'0 £9°1 €1°0 ez L0°0 £°87 1 q.uuﬁammuﬁﬂ.qv v1odo1dy
9L°6 z8°S €8°0 91 £1°0 e “10°0 58z 1 51107506 53047IUON
Ls-ot 70t €9°0 €€'¢ 92°0 ey £1°0 0°61-5"L 18 £l 4 ¥600n139A ®16d0T11190d
Se* Tt st's w0 £e°e 92°0 1z Lo°0. tez-09] et | 6°91 z wuedaTs ®I0doT115d
44 09°2 £°0 . 00°S 6£°0 Ty £1°0 9°51-0°9 6" £ 01 € ¥3In5 $a1386IUON -
65°2t e 29°0 00°S 6£°0 7Ty £1°0 $°S1-0°01 6z | gu £ ‘®13313187p_("V) #iodoidy
L1'el , 89°1 %2°0 00°S 6€°0 - 699 0z°0 8°21-6"Y 1% 78 € sTiv[NOTI86] weReTD
o1°0z 88°01 Toss°1 00°¢ 6£°0 Nu.m £1°0 0°£€-0"T1 €11 | voz € e11AqdAIeTd TIodaTTTH
vs 0z $0°6 62°1 00°S 6670 67°9 0z°0 S Z-S 91 131 0°0z ¢ | - 9ydiogTiaIead (V) wiodoxdy
8%'€e 690 L0'0 "00°0T 8L°0 66°21 0°0 S oL 1 11 1€ 9 g ds (°V) #93Td0g
o7°S6- L ey T81°9 £€°82 e oL €T £L°0 £°9€-9°7 £°01 ,m.Wﬁ L TUTF139A BI0dTIUOR
\ n s | x| oW /
- S86T .
anjep uzwwwww 13A0) Aaysuag | (ow .5..:,, Aouanhbaay (w2 u} w1318 .»%r{w.xnn.u (33 01-9) W gz - udsey adw)
.asuelaodu] aatIv{2y VIV ATIRTIY PR ] n:,u._ DAY Aduanbady nopINQruIsIq o248 :

q11 31981 -

124



125

STy 18°L . S 9%-L"1 ao [ 4 sTe30]l
10°%. L0°0 10°0 091 €1°0 (XA 4 L0°0 (9T 1°de (*V) ¥iodoaov
£yy 6°0 Lo°0 91 £1°0 e 100 18 9IVI[290 ('V) ¥iodoioy
" N [49d) w 9°1 €1°0 * ° *
. €T’s 611 nN»N {0°0 ‘ 8°Z1 575w {dw05 BoTTAVA
- - p - y
— : <861
19402 ) . ~
R anyep JuUada1dy ..u,>o.u AIFsuaq - ,AN... 1ad) Kouanbaay (WD uy w2 a:c_:n: (33 01-9) ®u g-7 - ude1E] ade)
, sauwiaodu] aAjIv [y u33194 aAy3IRI3N &3] suaq EIIRLIE Kauanbaay S I TR TR -

N - 9T 19198l

- » - ) .



[ 3
B | 3
RN Lz°o z0°0 £9°1 £T°0 61 L0°0 69'Y 1 w1odoyuon
98°¢ (20 20°0 19'1 £1°0 61 L0°0 6y 1 syeais STTaT09030TATS
86°¢ °0 £0°0 91 €10 61 100 S T S30738%q (V) Fiodoioy
1Yy 95°0 %0°0 19°1 £1°0 61 100 8%°9 1 JiouyoeTs ®iodyIuck
6C°Y 78°0 90°0 191 £1°0 61 L0°0 st T [ 1-ds ®iodommsy
6L°Y et 60°0 L9°1 €1°0 61 L0°0 ) 8€°6 1 (‘D wicdorsy
-66"9 91°0 10°0 €€ sT°0 8¢ £€T°0 91°€-2 z8'0 | 85°2 z ‘ - (°V) F10d035Y
st S6°¢ 62°0 91 £1°0 61 L0°0 88°91 1 syrrang (V) ¥10do1dy .
£0°6 o1z 91°0 £€°¢ sz°0 7s°¢e £1°0 6Y°6-6%°8 1o} ees z ways71 (*d) ®93730d
el 61 910 0'S CTAL) s . z0 96°L~8%"S sz'U | €8°9 € SFIOINOJO88]  DeXUTED
€512 65°2 61'0 0°01 9o v6°8 £€°0 £8°8-€1°2 11941 zs 9 wevivuioe0)
65°61 1 £9°1 €1°0 61 £0°0 wie |l 1 #Tepoep  sisBkivid
92 sS°Lt 62°1 £€°€ $2°0 (A%3 £1°0 s se-6g°L | :‘.‘.2 £9°12 (4 e731qd wy103da |
;,...:‘ X1 w1 19°1 Q) 61 L0°0 - RiX) 1 {¥nopRs $I0OTTT>0d
Leee 987 1270 L9°11 88°0 ezt 190 ' Z°01-5°0 zse | 9y ] Fs0[nojIuOm (°S) BIITI0J
(1 $6°¢ 62°0 0°s1 911 9t 91 €570 61-v2°2 1wzl s 6 FI17139A wiodyIucH
e TS*ST vt L9°11 88°0 v6°8 €€°0 61-v2°€ evo | serr| s SH57I0A SUOASY
80°6C 65°2 61°0 X1 6€°1 91°81 190 89°9-22°1 661 ] . 1L¢ 14 z+ds (*9) ﬂoﬂwﬂ
M S . N
" . 2861 ,
: 13A0) o - )
: anteq - L EREA] 13403 Aa1suag Ams 134) Aaupnbaay . (w3 vy sa3r;merq Avoyen) (33 07) w9 - udsaey aded
ssueizodu] arjIv (Y aAapIeldy T18Ua(y A AW Aouanbaiy YR LTS 1] BEAES

pIITEEEF R

.

21T 219%L

126



127

. 197 L8t . SY°99-5°0 ve'g ) 99°L 09 syelol
. -
1€ 910 10°0 191 €10 61 o0 £ 1 < ¥3UF[(9I8 VIARZ
| €2 % %10 10°0 L9°1 £€1°0 6°1 Lo°o R 9t I STSUIATPIPE SUOAR4
. A s A N ,_

- . SR 1

23A0) - : .
antep U134 | 13A0) K1ysuaq Awe 1ag4) Kouanbaiy (m2 U§ K130 »:c_.....:. (33 07) m 9 - uIsaw] wacu
/ﬂuﬁl.uh;mw.n—lu UJ«.ulﬂﬂﬁ Uih%& IRTITTIY AgRuag ANTIVON Aouanbaay I ELLLE ¢ ~rrS . . e

2 . & ¥ - .




. . -
¥

€6°t 0 0 9°1 o 97°7 {o’o 21 1 STPTATA B30d0SATY
L6°¢t 20°0 10°0 9°1 0 9z°¢ {00 ) 2T 1 BUMMTO03 8IBIBUTIEC)
90y €10 €0‘0 91 z°0 9z°T {o°o 9Ty 1  GNAR] BTABR4
90"y n-.o‘ €0°0 {91 0 9t°e 100 - 2Ty 1 - 8718[NOTI88] BIXB[ED
1Sy 8S°0 €10 91 0 92°7 {0°0 6 1 sjaI0jiamIeis (-1) vacdoidy
96y €9°0 Yo {9t o 9°? Lo°o 95°6 I #PTIoA (°V) ®icdoldy
8y 26°0 12°0 9°1 70 97°2 L{o’o 9°11 1 SUBTIBA BUOAB]
1 sT'1 82°0 - {91 0 97" {o'o [A 1! -1 8I8INSTTeD BI0dyIUOH

v s (A0 ) Y€°0 o' o 9°Z to'o oo B | 8917304
8°S 26°1 €Y°0 9°1 z°0 9z°e to'o 6%°91 w TXnopAa #30d671190d
90°8 5°0 o €Lt 1’0 61"y €0 [A N4 L6°s 4 §1INd PI1ISWIUON
98°6 {9°0 st°o 0°< 19°0 61°Y €0 12°L-97°Y 96°1 8y°s 3 1 *ds ®3BiEUTO80)

S0 71 9°t 8570 . 1 1970 Y9 t°o SLst-§ m.n 1ot € 778138 BA1ISPYdAD
8Z°71 99 (194 | 1304 ¥ 17°0 61"y €1°o 0e-9 16°91 1 4 - v30doeiTey
{8-°s1 67°0 o {99 18°0 IL's o e9-t°1 80°Z \] 69t v z*de (-3) 237304

- et 16°2 $9°0 99 18°0 12°8 1270 v1-99°c) - yve | v9'6 y shIuIeky (V) #Icdo15V
91 0y vo'tz | vo'9 199, 18°0 9 (AL 65°65-sc°¢] . 66°5Z | €012 y e78Kyd v1acadel
Lesa y8°1$ 8s° 11 €L ey s ot £€6°0 Lo se-veee] €s°L | 1o°st 9 BT167308 ¥36dTIU0R

. N s x| oW ,
a . S861
B 19A0) . - uasiwq ad
* anqEp U313y 13A0) Kysuag 1 (yu 134) Kauanbaay (w3 uy s1320mr1q Kuo o) (33 02) © 9 - ussaw] ade)
o uelirodu] Juadaayg SATICT N Mu 18uaq ISR E ) | Kouanbaag uogangya: R ES

IAJIV[2Y

P11 21981

128



La-zt

65° 651 v'e 98 11 syejol
£6°C 0 9t °0 92°2 to'o ] i d{1od pyIA®) i&:oo
€6'¢E ] £9°1 z°o 92°2 £0°0 71 gaindand waa3ewido]
s A

N . S861

a940) . }
anyeA JUII13Y Kiysuaq ANE 134) ‘Kavanbaxry (W3 U} %1330 1 Awopecy) (33 07) © 9 - weeIF] ade)

aoueli0du] —BATIC(RY aapInlay L11suag anjlegay Kauanbaay uoanqIAIfIl n7ys -

pI1_atqel

129



- -

1 )
16y 65°0 Ly'o L9°1 €110 szt L0°0 Al ¢4 1 1 (-§) s9IFaod
Loy $6'0 - o 91 €1°o S22 L0°0 g0z | 1 €335 §11883000
€9°y o (5°0 91 €170 sz to'o v'€z 1 vuvwn 01 ¥TAed
10°s 60°1 (8°0 9°1 £1°0 sT°T (LN s | ou epaI03 7393935 (*T) ¥30doidy
18 748 86°0 19°1 CE1'0 (1421 {00 §°0c 1 ei0doyyay wailavoldid
T A %1 60°1 £9°1 tTo st L0°0 1% 1 eTTAydA3e1d eiodatTin
06°S 86°1 6s°1 9°1 £1°0 sz°z L0%o 'R 1 seyssyans1Ty sIodoutyoa
8€°9 080 490 - geoe (z'0 szt ‘10°0 ggz-te] T v | e SuwTIvA SHOAR]
L9 8°z 82°¢z 91 £1°0 sz Lo 9°9y 1 weonxo[] s91jAR]
96°L TR 9" 0 £e°e - (o BTy £1°0 Lt1-s°s] 98 9°11 7 g3anze (V) ®iodoidy
£9°8 It 06°0 €ee 7o 8T'Y £1°0 0°sz-9's1| 8°9 7°0z z FiTra19A ®IodyIvon

Tos oy'1 et R 720 BTy €170 0 Lz-y'8T}. 19 Lz z feuep (°V) ¥iodoaoy
1€°91 €1°g ey 00°¢ . 090 8T°y £T°0 g-zs-vor] zer | N...,.,n € 1*ds soasg
IR 9Tl T 19°9 . ¥50 899 tzo | sss-zror} oet | see | o YOI w7039
8297 Lz°6 €rL €8 19%0 89'8 Lz-o "0°65-0"vz7] Z°91 1 3413 4 STIFINIaIIT (*V) ®IGIOISY
z0° st {91 L9711 911 96°0 89°8 o 9°19-0°L rAA 0%l ot e1ojymay ,.«v 810do1oyY

IR TR ¥ T 9 'Ry st ty'o ‘e.a..To.m KX te] € . zdes (*3) ®337a0g
116l 76797 09° Lt A L0°1 9821 ov-o- Joszieof  zose 7°8s 8 snqIupoeky (V) ¥Iodoidy

- M s A N ) .
- - , . 2861
19A0) , o - .
antea 1u3d13y FEYY LY Kaysuag | (;u 194d) Kouanbazy (w2 uy saarsmrgq Auoren) (33 9-5) ® z-G° 1 - Aeq anjyedey
" aouwazodw] aAIR (Y u22134 IAFINTIY /u_m;uc‘ AATR[AY Kouanboag o uopInNgEaISI ...w_.n . S

130



N N\
. ) - —
: 3]
B E —
y1°08 , oo.n, 0°8Z1-0°¢ e 0°8Z sTeloL -
- ¥6°'¢ z0'0 ' 20°0 - {91 €1°0 sT°T {0°0 6'C , 99eIRBYO80) -
. sty | 10 sz'o et | ero stz 10°0 : st | Teeuils (V) VIOV
T ey %0 62°0 191 €0 STt L0°0 ) Lot : ¢+ds aoAwg
6y Lv°0 13 o 91 -€1°0 sz L0°0 0° 61 1°ds (°V) ¥iodody
: n s | 4
— ; 961
. . 19A0) . . ‘ - , L B ; ; ; .
anjep U194 13A0) [$3LITET ] (% 13g) Kouanbazy (w2 -uy s131pme () Kuoa)y) 33 9-C) ® 72-¢°T - Leg onjeBey
23uviiodu] 0.3:—3_ uaad oApIEY3Y Jysuaq anpiegay Kouanbaay - :w_u.::.. IR . ———
. | N
» . .




|} - -
05°<8 oy-zT . 9°18-0"1 6°61 rze’| 0 LILEDI A
€2°y o 0170 19°1 12°0 e L0°0 ; 0'8s 1 1-ds (*V) ¥IoderoV
99°9 $s°0 , ?.e L9t 1270 'z L0°0 (AR I BISTNOT89  8I0d1IUON
169 08°0 - 89'0 L9°1 12°0 N Lo'o vz 1 TITITATP (V) :&3:.
96"y €80 1o L9°1 12°0 LI L0°0 . 6707 1 STI057393815 (*T) §30d0T5V
¥8°L L0° Lt €e°e 19°0 LA 00 | s sz-zv1z 0°€ vez z ®na (*J) s9I730d
s 9v°0 60 £ee o €'y €10 o.anu et oty T | Ti¥isquaiye 916473000
99°g 8L°0 £9°0 £€°¢ 1%°0 £5°y £1°0 6°81-C"L 19 zer] ¢ eH0oN1I9A 810dOT{190d
60°6 86°y 92"y £9°1 12°0 vz 100 ‘ ]| v ﬂﬂggﬂmﬂ
62°6 €Y1 T €e°g 10 £5°Y. €10 v ET-S YT £9 06T ] ¢ TiampsTs wiodjIucy
66°ST sE°e 10°2 19°9 _ £8°0 £6°9 02°0 c.anto.w 1°21 et] v TTT1319A wiodyIucH
) 2.% 9y 86°¢ £9'9 £8°0 176 Lz'o £'€Y-6°6 1°61 01z] ¢ vIsj7s ('7) ¥iodoisy
£2°12 92°6 z6°¢L 00°¢ 29°0 169 02:0 0°59-5"9 6°67° 158 B CEE T (*V) ®iodosoy
S 1 i %4 se°e 98°2 €c's 01 .%.: €€°0 ecc-ts| T 6st) ¢ S717q00 ®igdoioy
z8°0v "89°0 85°0 19°12 89°2 8t €50 6'6-0'T} 2 v | et z*ds () $e37304
Lot oL°L9 88°LS 00°0€ e Ly°81 €5°0 9°18-6'¢] 1'2Z 0'6c] 81 snqIuToeky (V) $30doIoY
) s - N
. $961

a9A0) Lo i B ) o \Auu 9-G) m ~,|m.~ - Aeg anjefey

anyTep .u:uouu._ a9a0) Ka1gsudqg Am.,.. a3g) ,aw:!..“vun fonanbos (wd :.—.sz“”uud._.._.“,: »:c...-.“um. ?
2suw3iodug satae(2y | auddaay ApIeTIy ayRuag SRETEH auanbaig 1ana f$ Q1 el




s 80°0 60°0 $°Z 91°0 98°7 1°0 6 STSUSATPIVE WUOAS]
. .m.n, €2°0 92°0 (3¢ 91°0 98°7 1°0 " ea “waoRea
| 89S 760 1£°0 sz | vtro 98°2 10 | B Y z+ds GoASE
) ) 8'g ¥9°0 15°0 $°Z y1°0 8,.« 1'0 TR ¢ “JeuEp (V) vaodoiv
- Y8°s 8y°0 S0 [ 384 . 1o ~ aw« 1°0 9¢°Z1 ¥800N1313A qu&oau«gm
6°S ¥s5°0 79°0 3 - 9770 9%8°2 1°0 99°€2 . T vakPawd
|||..||2|P|I.IL.Pb 29°0 ¢z | wich 98°2 1°0 6Y° %2 w7¥kiyd vyioada
: £1°9 LL'0 68°0 $°T ¥1°0 9%8°Z 10 €8T T3Tpqe 9aTAva
‘ Z€°9 96°0 11 19 1 ¥1°0 ,8.«. 1°0 . 18°1¢ (*T) ¥iodoxoy @
. - s€°L 66°1 £°7 <z ¥1°0 98-z 10 ) 6975y Treqpve e1Aed -
e %"y £€0°S (44 ¥1'0 98z 10 : 99°19 . S30doe1IeY
00°11 62°0 €0 os | o s 20 |evor-zsc9| soe (3218 TITTAen 830073000
8y 2t w v0'Z oS tz°o ws 20 | Secraz| 1o | w6k ~ wrriAdouTe
Sy LT g’ 8L 0's LT s z'0 . |6v°<8-99°¢ cvo9s | 8g oy %ni (*§) 9937304
1s°ze %" 11 69°¢1 0's Lzo 1L°s 70 |9 t6ggs| 90z | cone weTIvE waoReg .
86°SZ 16"y L9°g I¥1 89°0 '8 €0 6165011 cve1 |os82 R L]
Lz 8v°0 $5°0 s L1 R.o 62°91 50 ot-z | vy |ese z+de (-7) $93730d o
s8-0L 66-z0 | *(1%) o's (z-o 98z 1°0 ,«.ammu.lg 9 1 [acctiz . vaani (-3) #I0d
; ; A s | A
—— ‘ . : 2961
19A0) N . . o
. antea 213y 13A0) “kagsuag | (e 134) Kauanhaay o . ( 33 02) = 9 - 4ug anjedvy
@oueIodu] S INTIC(2Y A aATINTAY 3] 8Ua(Q w>,_._.2w= Kauanbaig F—




*gale Jaa1 jo 1233w ienbs 13d 130> TBIND

BuTAT] Jo 1939m 2ienbs auo ueyl aiom samq 03 a7qyssod sny) B8} IF ‘Jua[wa’did aie e3IFUOTOD om.-r-ruuu..a uf 3

-—2W08 S 2JURISTP [EITIIIA V PIINGEIW 18 IIIIWETP 1TY) UIYA 08 pue 23B1IBqNs 2yl 13A0 adeip BITUOTOD 3T1eT 31
2uBISTP 3Y3 310J219Y3 PUB EITUOCTOD Y3 UO papue] Jujod WOPURL YI 28NEIAQ IOOT 10 IB PIITMIIEI 68A 13A0O JUIIID
*SUOTIPINITED 13YJ0 WOl PIpPNTOX’ ] JUC pue 828YJUIIEd U INTEA Y3} JO UOTIEINITED 3Yy) UJ PIpPNTIu} 2

-21n8UaW 300 ATuUO YIFA UIAZ
<3818 A[{j1eUpIOR1IX2 Yloq 212A 43y3 INq ‘sITdyRs 1IN0 UF PIIIJUNOCDUI I13IA ¥IINT 8217104 oA £1ug ¥

9yl £q padweas aiaa s3ujpuyj ino ‘mayy Buyldewjuod £g

owaayyang

® 3yl 03uj pIIviodiodu] SIW]I
*381w] waie ay3 puw [[vws sea
d 2y3 *S8U0FARINITED Y uj PIPRTIUT JuGE
] 18 9IEp yjog

*eljep oa)

P ]

TR s 68z, .| ey | | oov stsIoL
%S 0 _0 ¢z 910 98°7 1°0 ‘ ve'l | 1 $917404
L€' ' 10°0 10°0 'z y1°0 87 1°0 e | 1 TicSoRNeE,
6€°S €0'0 v0°0 ‘sz v1°0 9% o 99s | T 3040717904
&S £0'0 %0°0 X i) %2 1'0 , s ot 304075V
y°s 9.0 __<0°9 gz Y10 987 10 ol 1 Fileeeni se3jaeg
s 90°0 £0°0 sz y1°0 982 1°0 " wer | 1 - $30d7390H
s 90°0 to'o] §°Z i) 982 10 wer ] 1  FHGA]05 SIRTRUFOB0)
1 . n s T N
. . 7861

19A0) ) - B ) )

an{ea JuUad1ad 13A0) Lagsuag | (;w 134) Aduanbaay (m2 up =a33ome g Auoa)) (33.07) = 9 - Aeg anjesey
asuwzodu] aAtIC |2y JuadIg- IATIRT3Y 115uaq Aangieay Kouanbaay uojaingga __"l:._ UN_..n. uuﬂ, Uﬂnl..—.

<134



pz1 21q8L

'Y 60°0 60°0 w1 y2°0 -z £0°0 Lot 1 onavy §7Avd
86°Y mw.e $$°0 Ll 920 e L0°0 ;.o.u 1 aom..in .A.ﬂv vi0doady
w.m L1°1 sT°1 w't %2°0 ) Va4 L0°0 co..cu , 1 anomx_n..o.r 9310do11790d
.sa.n vs°1 [A 0 § Ns.u, $2°0 e L0'0 6€°8Z 1 TITUTPI $I1ISEYIURDY \
81°9 20°0 20°0 gvc 8Y°0 e L0°0 96°z-z] 89'0 | 9%z t 308055V
699 92°2 E1% it vz'0 wz £0°0 ez | 1 Tioqaawm sTavd
setL 262 £8°2 't y2°0 1L°Z 00 668 | 1 eI
“ §9°L TTE (g Lt 920 e £0°0 s6rov] 1 ®3In0 ¥91389IU0N
. ; 2~ e e 78 vz°0 e 10°0 vty 1 #7T7406 (-V) wiodomoy a
6Lt €91 91 {4 ~ 80 ‘, e 00 |vsrrz-9rer] et | esoz] STeuscwss (V) viodeisy -
- 69'8 z'0 0 e ~ evo yo°s ero | ot-wz| evs | 9| @ ¢-ds oAz
: 68°8 e 69°2 <9 8v'0’ -z £0°0  §erse-Tvel gy'st | cecve| 2 ‘wesiaeaIe (V) ¥Todoidy
1€°01 STy 80°Y sv'E ’ . 990 1L°z S‘.o 70" yy-S1 oz | 1sez] ﬂﬂ.ﬁﬂ.ﬂﬁﬂ ®10do3oy
£9°€1 -0 Lo (s 730 I L't zo ST'9T—¢ €99 | 6} € SUNIivA WuOARq
9z 60°91 st 29'8 STt st} z0 fivieo-99-s] svcoz] evee] < 1'ds FioAmg
96°€Y 22t 1077t £6°81 €9°2 6L°2t ¢c'0  |cosv-avg sor | orwz| 1 viodrieon |
zL0s 9s'yy | 98 "€y sy°€ ¥y°0 e BTN RS  eseo| oer9s| 2 #n3 (°5) seayiod
SL LS e £y i 73 10y 42414 19°0 .B..NN-.:.W. W | wl| o z*ds (*3) #83jioa
‘ n s 23 N ,
: g6t ¢
- u:aeé‘ ,u-..“.“n“w 1340) Kaysuag | (pw uub Aduanbaag (w2 uy E»»?...:.. Auoon) (33 02) =9 - »-j anyudey.
2ous3i0du] ATICRW Juadadd sAfIn{oY I}suag aAp1e(aYy Louanbaaf uofIngirisig | PZIS '



Joezx jo 1939@ ou,!.v. 2ad yex0d Bujajy jJo 1930w 2aenbe » uwyl 21
- ul. ‘3jusEsingeom 3yl ojuy pe3Iv10diodu] SIWFIaW0s 9] IJUEISTP [WOTII2A ¥ painseam eiw

om @awy 03 a1qyesod snyl 8T 317 ‘3JusreAdad 318 sayuoT0d 3Bie] I13ya soswEd
@193ewep IJ9y3 Uaya 08 puE 331I8qNE 2yl 13A0 adeip EajuoT0d BIET 4

¥ Y86 88°c1 TR tyzz | aveoz ,nm selo] o
1Sy 80°0 80°0 w ¥2'0 we £0°0 . w9l v 1'ds WwivGjI86)
sy 60°0 60°0 W o we 10°0 ot v ST e
i n s A N
En— : 861
19A0) c - . -
. antep Jud134 a0 | - Kapsuag | (zw 194) Kausnbaay (33 02) ® 9 - Keg anjeleq
aueraodu] AjIE[2Y uadag. AATINTIY 115uUaq AA 1R Y Ksuanbaay.

; . : : P21 219wl

136



L ; 66°6S z6°11 ; €°%0T-0°T 9°81 | w41 0. |  evaoy

19°y 200 10°0 191 | oz'0 2672 : Lo . 0z 1 : STPIITA 830dOPATY
wey €10 80°0 9T 0z'o 26°2 © 100 ‘ , ot | v susdats 91000117904
8"y €0 | vro p 191 ©0z°0 6z | to0 $°6 1 ____#3enqoa (°¥) ¥iodoidv
"8y szo | sto | 19°1 - 070 {3 A L0'0 , . 8°6 1 wainze (-V) ¥iodoioy
18°9 2482 et 91 0z°0 6°7 wo | ] ] e T - iajywesd (V) ¥aodoioy
88 too. ] voo |- eee I, 2 T R {2 S €1°0 L 0°6-0°1 gz | o¢ z (3TrusAns) dw ¥iodoTTys0g
226 250 €0 €ee 0v°0 s 3 €10 vor-s'6| 90 | oot z H 1*ds $36d7300K
0TI | sy e €€ - o0 s ‘ €10 $°0E-0°Yy YR 1N A B ‘ TIT1330A viodT3vo0
8L°21 €0y TR €c'e ov°0 s | ero |oee-stoz ee | ez |z . "Ineeu () wiodoioy
- 9% 91 LL's ®ws | . 91 ozo | -z | 00 , e | o1 STTAGAAIvTd $I003TTIN.
8Z°1¢ 18°0 0 - €€ 82 e g0z | eso | tsor] ez | s o0 _ z-ds (“3) #aveq
sz estse | esrz 00°0Z 8z |° 2991 oo |ewor-vz|  owez | soz | @ 3iq00 (V) $iodordy
16°¢6 95ty €19z €c°8z 1 80°22 €s'0. | 8sv-0-z1 ozt | zvez | «t sHIuTovky (-V) §a0do15V
, , (33 9-9)
19400) .
anjop EI'EESEF] _ dano) K3gsuag (7@ 134) Kouanbaay (W2 Uy w1338 ».5_.:..:, Ml Z-6'1 - Aeg aidesswy
23uvIa0dw] aapaerey | avasaag aajamay k11502 PAeLAN Y Aauanbaag onnqrang IS %1 o1qeL




. B L] -
r h N
{
: 69°88 882 81501 eet eot | o9 steIol
62 20°0 20°0 £9°1 8v°0 09°¢ _10°0 vz |1 Swoep 930doTT330d
gr°y 12°0 61°0 L9°1. 8y°0 09°2 10°0 0°¢ T ®80on1iaA 816d0T1F20d
s°s s2°1 1t 19°1 8Y°0 092 £0°0 ral ~ ¥Ki39q ¥30d73u0N -
sie TR 16°¢ 191 80 09°2 t0°0 \ voe | 1 STTTA08 (V) ¥iodoisy
8L €l se°t 0z°1 00°S LR £yt 0z°0 8°21-5""Y sy 96 | ¢ w9kagd ¥703d91
$6°ST sv'y | osee 19°9 61 £8°Y £1°0 0°22-€°S e svt | v STTAW@AIeTd S300oTTIN
; -0z )] 854 98°1 €8 oz ¥0°0L . L2°0 0°91-S°¢ os | 68 S TiTviien vIgdTToon
06°2Z 619 6Y°S 19°9 26°1 %0°01 tz'o  Jeet-uar o't | o6t y V133 TAT8IP (*V) ¥30doioy
o1 (2 L 90°01 €' ov°z erL 02°0 626-5°9 s6 | s | s 1°ds (-¥) $3odoa5y
(z- ey AN 9L°92 9°11 (e 3.,.« - 02°0 0°8Yy-€°S 9°91| 8°(Z L’ SRUIUTSRAY (V) #10d01dV
10°cs vorwe | aetoe te'8 0y°2 ~vo'o1 tz'o | e1s-st9z vor] e6e| ¢ wIajTeeed (*V) $10d035V
9y 9L 6L€ e ce e 90° 11 ve'zE - 180 0°L1-0'T e s | ¢ zds (-3) $oa730d
= } - "o 5 A Ll <861
PR .
12A0) . . . ) ‘Auu 9-6) .
aniep VA3 13A0) Kaysuaq | (,w 234) “Kauanhaay (W3 u} w133 a:o_:.‘:, 8 7-G'1 - Kug 210e88€H
8..-,:%5 LIS SLIEE Wadadd IATINTIY A:m..z_ aapangay »..:.u_._....w.\‘ ;..o_u_::.:n:_ Aze a1 oTd8L

138



) £9°09 £6°S 9L° 901
=6Z°S} 9°ST 66°57 1 82 sinoL
L&A Zr 40°0 iS:S 1Z°0 2y -0 . L9 1 (3eo1 umoaq) sa3paod-
88 sr°0 92°0 L5°S 12°0 sy "n°0 . $9°Z1 T Tusp (V) $i0doday
s 6L°0 $°0 Ls's 12°0 oy n-o 691 | 1 (Supasnidus) se3fiod
66'8 "n't 69°0 is's 1Z°0 sty o ) 1s0z | 1 (Pueaq) 10doidy o
. . - , . o
9v° o1 19°2 st Ls’s 1270 8z°y "o . 96°08 . . Waodoexisy ~
12°91 T mo "L o Ty 62°0 5°9-8r°s| 65°0 s | ¢ ssotnotauoR ('S) $e3FA0d
) R 62°0 YL 0 18°8 62°0 z1-99°s| vyl cs's z wiodoisy
96°L1 $6°1 811 L o ts°g 62’0 fevoz-z-er]- ez el | 2 - FovIeuT080)
1S L9 z°91 Ls°c 12°0 8Ty ¥1°0 71°66 T wIodaTTTH
soLe ik oot 160t "o e 8270 Je"%zuc | o066 foestsv | e (dh10d yurd) FICITIOON
98°8¢ 10° 1€ . 881 15°¢ 12°0 8Ty y1°0 ‘ 9-90t| 1 TTIPOTIAS (3) $eITa0d
CEE°TY st Ly o1 ' STUET tv'o  [Eres-6r°s so'vr | 1s°an 9 @1 () $ITIod
81°2S _%0°6 TN €912 Lzt (TR ¢ wo Joee-sLoL e | eecoz 9 TIouype(s PIOAFIUON
. . v f s | a ]
: " - . 2861
) 19A0) . : - . ) .
anjep JuadI3g 19A0) Katsuag | (s 123) Kauanbaxg v (w3 4y sa3nwe g Kuojon) (33 07) w 9 - Aeg 310@6ETH
, 2oue310du] InTIN(AY j3usd13g aAfInyIYy PRRIIT (] : ELYRLTEY ] ‘Kauanbaay :o:,.:_-.. 3T ...N-.nw - U—...,—nh
S )



o i . *8UO}IB[NITED 3o 3Y) Wo1j papn[axa pue 8283yIuaIeRd UY SIn[EA um uoyIeINATEd Y3
\ eavovnao..aounnunvoau!—h.-u-vo:uo_—uhnvonl-:au.—!- eSugpurj ano wayy Buyidoejuod g ‘adiaey A13A d19a gn1 (°S) 93333104 JO 8IFUOT0D BT 3IYI JO OAL ¥

89°16 - £2°81 ) vs'sss-1 | coev- Jescrz | es spei0L \
o1y 10°0 10°0 oy 150 | £9°2 200 . 92z 1

my | o J o0 §78 4 15°0 €z £0°0 , _8 1 ___Y-ds WioAvg

68 270 22°0 owt 15°0 , £ : _S,.,o . 62°6 1 pmiozyieasas (1) waodosoy

"y 620 o wr 1£°0 £z £0°0 | ; 85°01 1 TTITIOTsH] 0T

16y 9L°0. Lo ; 2..,— C1g00 vz |- o000 , « , | ITX 1 WEIeAsURI WX3NIUN

s | wes s w IS0 0t ©10'0 \ essr 1}, E n.a@.:.-ﬁﬁ“ .

L6t 1000 0o | s £9°0 5y g1'0 | wrsr| soo Jot z 931304

. s | o o | ws 29°0 sy | o |seows| w0 fssoo ? weindand weziseIde]

e ol 2 4 g SrS B L sI0 presczr|  owcv | sotor 4 - - wdodoedie -

: R 10°0 sh's .‘ 590 RN £ 2 | st'o. Jzrcov-vics] socoz J®9tiz | 2

wal oy | sov | ss | g0 15y 500 ‘si-est] secor | osuz z ‘ i
z'm S§°0 13 ‘ 51 $5°6 L0 2£8°9-96°1 m.m | £6°Y S : u....m:h.b soipiod

85°62 N z6°S1 80°S £6°0 69 o z0 |'sw-vst|  zstas | ooves | s w weriseqdly

Cestez] 196 19°8 ws | s TR " ss0  le670s-26°S 9681 | 660z | s , suroRdy (V) $369035Y

T ver 1501 s¥°6 Cever | ows|t ovm ss'0  fisrss-ovs|  vzce |usst | oat waodiauon

15°56 89°9r  le(s9°501) 15708 95°S" | A3 o vs'sss-1| . s6's8 | €St o S (D) Tovied

g8° 724 . - - s - 9 N - -
i T _ 5861

anea u:“””“w 1 ;‘_u.—‘o‘u , ‘ K175vag ‘ (zm 334) | . Kouanbaay : (wd u} zuuuu.._..m_‘ Auo (o) Gs .QNU - o - kv ‘onu;-nn-z

asue3izodw] anjav(ey | auweddeg | - eapieray | Aapsuda | Aanielad Kauanbaay | uoranqrLIiN  P2IS PEY oIdeL

140



. . £9°9 69'% 1 o'v9-0t! zot | g8 09 sTe30L
1wy sT°0 10°0 €9t 80°0 68°Z Lo°o . 'y 1 _wn¥{au0d. viooommveg
LR sL°o $0°0 91 80°0 682 Lo 6 |1 TPTATA #30dovATY
9v°s 06°0 90°0 "9t 80°0 68°2 £0"0 66 1 ¢-ds WaoRTg R
%9 08T o 91 800 687 100 | e | FSiepeRp SIS 3
19'9 w0 €0°0 3 910 68°z 00 | o090 il os | 2 ¥ (-5) $eatiod a
Tg ot s0°T 20°0 L9°9 €0 68°z 0°0 0°9-6'% so] vs Y s[5 ¥16d6Tu0D
,, €97 1T T o 91 80°0 68z oo ; e 1 STWI0j7393 99IIEETHOD
S sersT € o 99 S TE%0 (s €U0 9°s1-0's] o5 | v8 R $395TavATP veoAvd
6L°LT %'z |. 610 L9°9 €0 98 oo | osror] e | e y Seuwp wISdoTTIed
€181 €0 20°0 199 160 1481 (o ov0z] oz | o v veandind wTnGA
20°2 S0°T oo €c°g 6€°0 v9°€T €€°0 ew0z] sz | e X3 e TI00OTTTS0N
90*98 v0°s1 0% ££°5P £0°2 69" L “29°0 esz-0z]  ws | oes | | ERATH (I wIwed
06°88 92°59 "y 0001 Lo ¥9°5t gs'0 | o've-0091 s osoe |0 ¥t (7) veiand
T o 3 CAS N 7733
" Q3 s ,
. 19A0) , ® §°1-5°0 - [ea0y Ieywwuye
anteA 1219y 12A0) Laysuag [ (gu 13g) favenhaay . (3 up w1230 rg Kuo(en) :
2auwlz0du] LIS RLAE ) | U234 - aAjIeTay ERRLUE](] apieiay Lauanbaay | uopanqrisig PZIS o o1qey
- = : = SN




s '] P
: : §
8¢ 11 SZ°8 L°69-0°7 9°6 €6 09 LELM
657y 600 | 100 £9°1 __ £8°7_ " 0% ¢ T z-ds (-3) #@3j36d
65°Y 60°0 . 10°0 191 910 €8z L0'0 'z 1 | veandand veivenidel
4881 290 Lo'o £9°1 mﬁ.o £8°2 © 10%0 6L X T¥RepKs 9109117304
oL ¥9°Z 06°0 191 410 87 L0'0 REHR oIy (-3) seaed
877 202 £2°0 00's 10 92°S £1°0 0°v1-7°2 79 99 £ ;‘ﬁra. (*3) #7304
1zU0 8L°¢ £9°0 £c'8 69°0 oﬁ.m. - ot'o o.nl-n.n Lty 6L Ky FTapuTiAs (-3) $9Ijd0d
sv°02 61°01 9T 1 00°S 0 9 A A1) v°€-6'S| 8°6 LRfA € nmuﬁmmmw,-uouon-a.m
: sz BTET 05T L9°9 3 9 10 SULT-UStl 67 881 v ®JeEeNI9p GUOAB]
60°6€ hn.mm 5°0 £€ 81 15°1 61°91 07°0 . S'6-Z°Y 9°1 | v9 | 1 BIES]IPATP. WloAB]
ES°EY 8L°¢ Y0 £€°81 1571 912 £5°0 7°11-0°2 v 1411 1t o Swawp 93090111504
se-L11 s0°6s w9 . Ly 19°2 13 a4 £9°0 L°69-0°2 991 | T'IL | el sTiAqdaeTd TR
‘ \ ] f - Y N _82 ,
13A0) ) - - o (13 ¢-1) , .
angeA W32334 1240) K315uag (7w 194) Kouanbaay . o (wa up sa13In .Hu_.>=c.::~ W ¢ [-G°0 ~ [II0H 1IEWIYY
W2194 AFInTay PR EITET(] aA)Ie | Y Kouanbaay O PING LIS I A :

2ouer1oduy

At (Y

- quT-31qeL

142



Tte 8511 we~s"1| 66°z1 |e8T1 09 stel0l \
€5°Y 90°0. 10°0 19°1 S.o 782 £0°0 z 1 wiodoTTT90d
vy $2°0 £0°0 19°1 61°0 LR L0°0 w9’ 1 M  saodvIeon i
y's .7 €9°0 81°0 L9°1 610 787 L0°0 $6°01 1 A =
65°L e 980 £9°1 61°0 8°T £0°0 ‘ vz T #1028 (V) $I0d6I5Y
_£6°8 %0 ) £€°€ 1% YTAd £1°0. 9-1g°s] €10 I 16°¢ 4 .-udm.wuﬂw WuoARg
v 1o £0°0 £9°9 LL°0 90°8 z°0  esri] w0 | see v wy¥ung
w.~.: 20°T 95°0 ot 91°1 vZ's erro Joscrt-evce| ss'z 16"t 9 STPTITA 93600WATY
-0z L% 9L°0 £9°9 Lo 68°01 o | wouw]| s Lo*0t Y sfazeoTeRp a.—o:ﬁou
s'19 86°8 - 69T £€°8z 67'¢ 61792 9°0 sviz-se| 16 658 n ¥OTIPUTTAY $93710d
8...& 8991 o'y € 87 62°¢ 8L12 vst0 fevee-sT | 198 L6°6 L a3 () 937304
LE°06 90°L9 65°81 ot 91"t {4} £€ 0 yL-8T° %1 3,.‘8 Iy 9 , ﬂd_.dﬂ (*V) ¥iodoidy
- . - ary -
e — wer
N 39A0)
_e.:u> LT EEE N 13403 Kagsuaq | (zw 19d) Kauanbazy ) (w2 uy saasmry g Auogan) qu 0Z) © 9 - [3I0H 1aywwuley
2suw3rdodu] sapIviy U124 aAfIRTay ERLUEY] an e »u:u:w?.... o uoranqpusi EEEES 297 2TquL
r




e »
.
-y ) ) v9°1 10'0 Ly Lo00 91°¢ 1 SUvTIvA PUOASd
Ty 0 0 v9°1 10°0 TR Lo°o 9l°¢ 1 o , sa37104
ey 0 0 791 10°0 e 10°0 8°¢ 'S 190N payoe1Ie [R13A36
Ty 0 0 791 10°0 TR 10°0 127t 1 N wuoxwy
91y 0°0 10°0 %9°1 10°0 TR Lo'o v6°8 1 suspjnua3. ¥30doTuoDH
91y <00 10°0 v9°1 10°0 TR L0°0 €1eel 1 wTdmg
ey 12°0 %0°0 "9°1 10°0 TR Lo°o L 1 viodiIuon
8¢S <0°0 10°0 - 82°¢ £0°0 e t0'0  |ev-zi-se'6] 81 wn z g9In1 (*d) ®937130d
8"t 0 0 8z°¢ £0°0 65°H gtro | zers-svz] svz ety z 1'ds FowIwE1o80D
tos 910 to0 (T4 t0'0 65" €10 . [soel-sLL] l'e o z gysuskeiina (-g) 8937i0d
w6 1z°0 v0°0 26"y v0°0 66y ct'o | eesi-ew| st Jeson £ ¢-ds SuoA®g
vo -l <0'0 10°0 6 v0°0 L0 z0 (ee-€ toe | 8zs £ - wiodorsy
611 00 10°0 78 Loo 6"y "1°0 scoe-vt| e fouey < wyaputihe (+3) 93Ta0d
1991 8L°0 sT'0 959 900 Lot o P %ear] 18z | secn v STTAARISTd S300STTT
90°81 cc'8 ¥9°1 26y “%0°0 65" cr1'o {89 11 9wy | isiee (3 ¥s03aqn3 vIdSTTTH
2082 8L°0 S1°0 et o AR o fers-ere]| ey e 8 ¥I65TIATP BUOAB
07 st | o €6°22 20 19°91. o ) wetz-z | e gzrol | w1 7uIc5THep 93040117904
—Z8-vol T6°28 | (891 v8'6 60°0 Lot 20 |9 % ¢ ecou | senn| o iodojiay se138w01dIa
n 5 T N :
- S861

1940) . . . ) 4 , (33 07) ® 9 - T304 Iayemujey

anjeap RITEERE X A3n0) “K3T5unq (7u 134) Aouanbaay b _(w :hor“”.UJHWJ. :ow”wm
2yuwiaodwy | JUad1ad AATINTaY 1}80aq LYSRLIEY | Ayuanbaay ranqr.uosiqg M (441 u~mub

AATIV (Y

B

144



61°61 v8'0 O e-v| vy [eerzz | 19 ste0L
Ty 0 0 ¥9°1 10°0 e L0°0 . €Lt 1 FHGTOPTP ‘3o FIGIFITIR
Tty 0 0 v9°1 10°0 TR 10°0 £ 1 se13893do]
: ) " s ‘A N
13A0) ) . ) [1:111 .
anyep JUIINIAY 13A0) Ayysuaq (pw 234) Aouanbaay (w2 uy sa3dlawerg Auoto)) :
sn.odu] anpaC 2y U2333g aATIC|AY 118UaQ aATIE(Y Aouanbaiy UoTINQIAIRI(. PZTS 13 07) W 9 - T2I0H 13axswuiey
Pyl 3TqsL
.. ¢ &

145



) ¢ .
98°07 a—LNN - 9°8Z-0"¢ 0°s |86 09 stei0L -
%€y 01°0 200 L9°1 tevo 65°2 to‘o L4 1 USRI (7d) ®2ITI0d
oy 910 £0°0 L9°1 1£°0 65°2 L0°0 0t 1 (sTusan) -ds #3636TTT50F
s 16°0 61°0 191 ) 65°2 Lo'o 08 " vso1Ienbs A.«w.rummouu<
1ecs 01 o 191 {38 65°2 L0°0 awc, 1 TEYIUe> siovoeE]
15°% szt 92°0 91 (o 652 Lo'o 76 1 ¥557Teq §3TTAVI
%6°¢ 89°1 SE°0 19°1 Le"o 65°2 Lo-o L o1t 1 ’ SRIUFOEAY (V) rwoaomu<
(AN 0Tt $2°0 €e°e 90 65°2 £0°0 m.ﬁuﬁ.w 'L |59 4 z'ds (*3) ®977308
81°¢ 16'¢7 19°0 L9°1 o 652 L0°0 ‘ syl 1 _ J7¥isqueiys s3odyIuoR
%L 1 0€°0 eee "0 65°2 00 S 8-L°S 0z 1L z “ﬂﬁquu»>‘wman_u=o=
L9°s1 e 8c°Z L9t Leeo 65°Z Lo-o ; 9°02 1 STTAqdKIwTd eT6daTTIN
sL-ot 9L°9 1 L9°9 8y°1 12 0z'0 6°S1-0°¢ 0°s 1°01 Y , LD AHMN.mmqmmuu<
%0°2¢ 95°¢ 91 ITRY 65°7 18791 0%°0 6°€1-0°C Ty 9°9 t e (V) ©16d635Y
SL°9S L9z €y L9°91 oL L1 Lyo L°L1-0°¢ 9y o'zt | o1 ©60on319Aa ¥10dOTT190d
se-zIn . 16°2Y s6°9 00°SY 86°6 9 °9€ £€6°0 ¥°91-0°¢ 1Al 6'6 z TT19yo 198 TI6d6117104
' : ) M s ' . - ,

enyep ucww””u ETY &338ud @ 12 au._u:v, (=2 uj s133auwyg Auoyo)) it N

ooﬂnuuowln ,o>uus—o“ ucouu”w o>u“s~a“ Am:ucuw a>uuw”“~m_ Kousnbaiyg uoFINQTIIST( AZE§ (33 €1-8) @ ¥-¢°T - WPod Mwyd

gy 2198l

146



£9°8¢ 6L°81 s'6v-0'z | 08 911 09 ste3oL
62y 21°0 .3..0 L9°1 1€°0 8y°z Lo°o o'y 1 -smauioeky (V) w.—.ﬂkou:
€y 8c°0 o 191 €0 87z oo 9°9 T TTT1339A Er..a.:.sz
v9°y 69°0 "0 19°1 1€°0 89°2 €00 ¢t 1 2+ds (+v) #3od0iTV
$9°¢ 0s°1 €90 L9°1 1€°0 8y 10°0 €el 1 Ty admey \S:m.m._ss
9L°¢ 91 “9v°0 19°1 1€°0 8y°2 8.,.._ Let 1 ¥3917956 (V) wiodoisy
69°9 L4 £9°0 t9°1 1€°0 87°2 10°0 y°9l 1 L s il S 21
ve'8 ety 0zt 19°1 €0 8y°Z Loo 0’z | 1 sysusoase (V) ¥iodoioy
ve's 6Ly oz°t L9°t €0 872 o0 0°2¢ 1 R w}.ﬂw.mﬂ&ﬂ
60°41 St°9 91 £€°¢e €9°0 19°y. el-o (A (Ar AT S K SIS L's1 z BI3TTIBIP (V) iodordy
€91 yL9 £6°1 00°§ v6°0 19'y £r'o t-sz-0°s|. 801 | g€t € 33,..8 (*V) wiodoiny
18°82 LA 6€°0 £e€l 1572 8191 0y°0 €°6-0°¢ 11 ey ] z7ds (*J) 337304
62°0¢ -9 &r. 00°01. 88°1 8Ll ) L LT9l-ge v°s . L6 9 voinze (V) ®iodoidy
S1°6¢ 18°s2 6c°tL 1991 y1°€ 19°91 o ST 6Y-0°E]  9°E1 9°11 o1 CLCELFEEN qwm.oﬁ:u&
oz tol 86°9¢ 9T IT £€ "8 12°¢t 68°SZ €0 vizz-vtel 109 - | el | o€r TiTe395 53606TTi567
] , M s e o
861~
I9A0)
onyEA IUIDIG 130D K338uag (z® 124) Kouanbaag (@ uy ”Mwwﬂnﬂwmmwmow“m (33 €1-8) & 9~G°7 - ¥ooy njeq
9duwjiode] IATINTIY U REET IAyIeTIY K3ysuaq IAjIeTIY £>uanbaxy .
. qS1 @19el
Y ‘

147



148

< L
. |
g LY 99°61 . : 66°9£-8"1 e | s 08 8101

A ge0 90°0 ST 1 " ¢Z°0 781 $0°0 . - 62°S 1 SUBTIEA tioRs,

_ £Y°€E %°0 £0°0 szl sT°0 , 78°1 $0°0 - , 76°S 1 ) 143200
65°C 75°0 60°0 szt . sT0 81 s00 | 19 1 snyIupoeAy (V) ®iodeidy

89°% 191 | sz - sz°1 sT°0 M S0°0 . - 1 a 1 ur_-?:o%u waxET199

16°Y R | €0 oSt sz°0 8T .. $0°0 ‘ £1 1 - wiodyauon

Lo-s sL*o €10 - 6°T 670 w®r $0°0 €979-69"% et | o99s |z | "§3inD §91318¥IUOR
. e €L°1 €0 sL°e / v°0 99°¢ : ,n.o §6°01-48°€C na.n, e | o« s3enoFIea (V) 3882,
I st | sz 670 a9 o % %0 g6 | sse1| ¢ Tenopke $36doT1150d
o gtrun] - 967y | em0 ) s | 860 ot 7’0 {9Brer-viL zo'c | szor] v - Jisugpers siodTauon
—em ,8.& . 69°€ ¥9°0 _.ST9 €z°1 60°6 szo  |seoi-vez] o vzve | 9 b ‘ #icdoi1190d
) 29°2 - 6661 6€°€ sz v 20 781" $0°0 : g9zt | 1 STITqo0 (V) wiodonsy
69°¢t 26°81 82°¢ St o1 e 20 o6 vE-8sy 6ot} ocer| 9 - yeusp (V) :ﬂ&%

£6°9Y AR 11244 ostat ete | . 1130 S 90 ‘. t6°91-8° 1] €5y | 688 €1 , #1 (-5) ®e37aod

8L°8Y €0 01 L1 L8l IR E oz 1 fecneer] o wez| we st z*ds.(*J) ®e3tiog

2979 8- e R e8's | w1z | 90 |9erI-gee wzl 89| wt esonojIuom (°S) §931A0d

: no s S
3I3A0) . . : . . . ) 861
Cooancep JUdd13y Jano) Karsuaq (zu 333) Kduanbaay (u> uy sa331awe (g Auoyo))

~atuedan i o>::ﬁx i Uad13agd 2ATINTIY m:mcon. dATIBT3Y Aouanbaaygy uorINqr.LISIY A21S (y oNv | 9 - Yoy niel
| , i ; ; o . o¢1 21981




) . - sasayjualed

uj uaAT? 21w uOJIPAIaS8qO B8FYI BuIpnOU] SINTEA °UOTIBAIIEQO U0 BFY) Wolj BIEP Buypnyouy InoyIfm 27qed 2Y3 uJ SINTEA 3YJ JO 1831 Y] PIJETRITED aa 310)

—213yy °12A0d QO 239A0 BujIew]Ied £q 190D 3IVeJINS JO 62IBW[ISI 1IN0 JJO BAOIYI. BFYL -IZ|E Auoyo> ayl jo aIBWIISA BY3 UEY) IIY[EWS Yonu sen pajddndd0
wale Jo 23BuWylIs’ 9yl Ivyl 08 Auofod 3Y3 Jo 193u3ad ay3 ivau BujpusT Jujod Wopuwa Byl YIjA PIAIJUNOIUI sEM Sjaeingai1aj ('V) ¥iodoidy jo Auoyod 231wY U0 ¥

149

. I 6719 - 1Lar2 ‘ : 1oz~ | cet6z  |eziel 85 sTeI0L
T
.. ALY - T 90°0 w1 | ¢ S 4 L0°0 _ , 6y 1 Bi¥e193 (V) wIodoioy
_ 1€y £2°0 91°0 ar | o | sz | oo RN A L sUeTIeA wUOAS]
sy sL°0 ‘90 2t £0 4 100 B 3 B Sujipueen 8IodoTTFo0d
s 1w 8°0 Cun €0 9t°C oo - 12°61 1 _ TTAqdKIe1d BI0d5TTH
__L9°S 65°1 _ 86°0 (184} €0 9%z £0°'0 . SY°07 1 ©I3JTIITIP (V) ®iodoxy
LA £0°7 szl sve 9°0 6€°Y 1o perzz-99° 18 11 frotut B TRnopAe ¥16d611190d
AN L 8z'z =~ 1 sr'e 9°0 660 erro | woa-a €0 fezraa z ¥665n339A ©10d0T1100d
z0°s1 .ﬁ g _ 12 689 zt wy e O %.c | ro0r | v © @1 (§) Aol
i -+ - - -
R ) 8 99 | 90 69 A L6 L2790 ysoe-19'¢ | zetz lervo Ui Swuwp SIodoTTIo0d
LESET 1S°L z9°y E” A S 26 £7'0 £°62-9°6l | 89°z [to°ze " FTeyjwma¥ (V) ®iodoisv
- 962 80°01 z°9 69 1 L9L°9 | z°0 75°96-€6°9 8y 21 jizeee Y . edodvieoR
syl e 9ze1 | . 69 z'1 ue - o Y| erez orree | v | wEoIIERbS (V) FF0deINV
usTes | 12 621 9L° 7€ s J 9992 €L°0 | ovste-U gvz |1ty 61 ©ogds (D) 5337354
o .SO.SVM *(86°29) #(29°%01) /A €0 S 4 2 too | otz | 1| STaETREeAIT (V) Eiodorsy
81719 S1°8€ 9r°€z AR Lz 15°¢t 70 96°S8g /1 wer | osoe ¢ | swmuisekq (¥) §30doiov
i | : | D) s | 2] ®
) 17403 _ : ‘ _ . : ] <861 ‘
At ~a13, 12A0) . {1vsuag (v 13d) Karuanbaay _ (w2 uy ®13IPUE () »:oﬁau.. (37 07) @ 9.~ Yooy nIed
PRXR oy anyteray DoLuanaag : oA T e Ay K315uaq aafaIn(aY Kouanbaay HoTINQIAISIY p21S '
(I _ ] _ PST a1qulL
v )



v

Table 16. Percent cover of substrate by hermatypic corals in Fagatele Bay

National Marine Sanctuary, April 1985.

)

Depth Permanent Transect Number
1 2 3 4 5 6
Reef Flat Platform 4.0 45.2 6.6
3m 1.1 '25.6 2.2 46.2
5m 17.1 L2 11.8 0.9 12.9 20.2
9m 10.5  64.4 2.3 2.4 11.7 4.5
12 m 107 0.9 . 0.8 1.0 1.3 8.4
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Table 17. Abundance of hermatypic corals (colonies per m ) in Fagatele Bay

National Marine Sanctuary, April 1985.

Depth ; . Permanent Transect,Numbér
| 1 2 3 4 5 6
Reef Fl#t Platform 7.2 9.1 8.8 -
3m | 2.0 233 3.2 15.4
5m 68 2.5 s la 3.7 20.4
9m | : 0.0 3.3 9.3 3.2 6.7 5.7
12w - 10.4 2.6 2.3 2.3 3.2 7.1

151



 Table 18. Mean hermatyéic coral colony diameter (cm) in Fagatéle Bay Natiohal
Marine Sanctuary, April 1985.

Permanent Transect Number

Depth | 1 2 3 4 5 6
Reef Flat Platform 6.4 4.4 8.6
3w o 7.0 8.2 8.4 14
Ere 11.9 6.3 5.2 7.7 15.7 9.1
9m 8.3 18.9 5.1 7.1 10.8 8.7
12 - 10.3 /, 5.4 5.3 6.0 6.5  11.0°
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Table 19, Indices of community structure for hermatypic corals at Fagatele
Bay National Marine Sanctuary, April 1985.° ‘ "

Number:qf' ‘Shannon-Wiener . Evenness Simpson's
coral . Diversity Index Index - Dominance .
species ; Index
' H' J' D
. Transect 1;
56 m 2% S 1.0077 | k, .8190 L1407
9m | 19 \ S 1au2 L9031 - .0756
12m 22 | 1.1411k ; .9477 .0573
Transect 2
lm i 2 .9208 S L7483 1994
3m 42 1.0 - 8494 .0887
Sm 37 1.1710 .9001  .0689
om 19 © 1.1168 8897 .0852
12m W 9612 S .83 ©.1698
Transect 3
im 38 . .8366 .7753 1015
3m Y S s:s - o .ssel 4452
5m 26 .63 .6338 | .3141
9m 13 6524 . .88k .2372
12 m 14 . .8574 8233 | 1679
: { .
Traﬁsect_ 4 |
1 s 1018 .19 0887
3m ' 27 .9549 .8119 B .1458
5m 25 . 8017 .8017 .1904
9m 19 .6618 .7328 .3048
12m T .8040 7217 2615
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Shénnon-Wiener

1.0670

154

.9073

Number of : Evenness Simpson'S
coral Diversity Index Index Dominance
species - ) Index
| H' J' D
Transect 5
3m 22 .8685 ;7797 ;1695‘
5m 22 1.1555 .8739 .0819
‘9m 12 .6686 .7006 .2730
2. 13 .8725 .7613 .2072
'Transeqt ’6
5-6 m 19 .9072 | .7915° .1469
9m 17 ) 1.1190 .8914 .0796
12 m 14 .0910
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Table 21.. Pre11m1nary list of macr01nvertebrates other than scleractinian
' corals observed adjacent to, but outside the tramsects of Fagatele
Bay, American Samoa. An asterisk (*) indicates a dead specimen
observed or collected 1n the spec1f1ed zone.

k Inter- Reef 10 15 30 40
s ’ . tidal  Flat ft ft ft ft

Coelenterata
Alcyonacea

Sarcophyton sp. X X
Sipularia sp. j ' . X X X | X |X

Zooanthidea

K‘Galfropoda

Haliotis sp. 1 :
‘Haliotis sp. 2 -
Irochus conus Gmehn ,
Irochus lacipistus Reeve
Irochus ochroleucus Gmelin
Tectus pyramis (Borm) R
Clapculus clapguloides Wood ‘
Turbo argvrostomus Linnaeus
- Iurbo cinereus Born
Turbo crassus Wood :
Turbo petholatus Linnaeus:
Turbo setosus Gmelin
Astraes rhodostoma Lamarck
| mm 8p.
pl;gg;g,annaeus ‘ : X
r mm. bensopi (Recluz) ‘ '
~Littorina coccipes (Gmelin) | X
Cerithium (Hambron & Jaquinot) X
_.e.us.hm solupna Sowerby '
Cerithiup echipatup (Lamarck)
,.s.r_uhmmm Pilsbry & Vanetta ‘ X
Cerithium n. sp. Houbrick a ,
Rhipoclavis articulats (Adams & Reeve) : *
Lambis truncata sebae (Kiemer) ’
_gh;g,ggg;gg,(Schumacher)

VEVEvE *
b bd ® *

*
BB R RN

b4 >4 4 L
* % & %

b

ELEE O

[
N
-]
B
®
[}
[
[ ]
MM M

gg;gggll,annaeus ; \ :
Cypraes isabella Linnaeus : o : *
lxg;_annaeus ‘ o : *

* M
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Table 21. Continued.

Reef
_Flat :

10
ft

15
ft

30

ft

40

ft

m mopets Linnaeus '
Cypraes testudiparia Linnaeus
Cymatium rubeculup (Linnaeus)
Charonia tritopnis (Linnaeus)
Bursa bubo (Linnaeus) - .
Bursa bufonia (Gmelin)

gz a2 mammata (Roeding)

x_bgggg_;m (Sowerby)

Jmm brunpeus (Link)
- Ihais aculeats (Deshayes)
Thais armigera (Link)
:my. tuberosa (Roeding) '
m:-.a mazrgariticola (Broderip)
Drupa grossularia (Roeding)

: D.mm_ morum Roeding

Drups ricipus (Linnaeus)
Roeding

- Drupa rubusidseus
Drupella elata (Blainville)

Morula bicopica (Blamv:.lle)
Morula dumosa (Conrad)
'Morula grapulata (Duclos)
Morula podicostata (Pease)

- Moyula spiposa (H. & A. Adams)

Morula squampsa (Pease)
‘Mprula uya (Roeding) -
..PI.LLLLMLL& Yiolgcea
Quovula mopodonta (Blaimville)
Mitrells albina (Kiener)

Byrene deshayesii (Crosse)

Pyrepe turturips (Lamarck)

Cantharus updosys (Linnaeus)

E , alveolats (Kiener)

Epgips ipcarpsts (Deshayes) :
E.Lemm filsmeptoss (Roeding)
Latirus polvgonus barclavi (Reeve)
Latirogleps smaragdula (Linnaeus)
Peristerpis fastigiup (Reeve) -
Peristernia passstuls (Lamarck)

!Eﬂ!.!. cerspicup (Linnaeus)

Mifra coffep Schubert & Wagner

Mitra (Dibaphus) multiplicats (Pease)
..m (Nebularis) confracts Swainson
Mitra (Nebularis) cucumerins Lamarck
Hitrs (Rebularia) frags Quoy & Gaimard

Mitrs (Strigstells) acumipats Swainson-
..un. (Strigatells) im.i&m Reeve

(Kiener)

Mitre (Strigatells) littersts Lamsrck
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" Table 21. Continued.

Inter-

tidal -

Reef
Flat

10
ft

15

ft

30

ft

40
ft

Vexillum (Pusia) cancellarioides (Anton)
Vexillup (Pupja) lautup (Reeve)
' Yexillum (Pusig) unifasciglis (Lamarck)
mme. serithina (Anton)
.em chaldeus Roeding
Conus coronatus Gmelin
Copus distans Ewass
Copus ebraeus Linnaeus
&m flavidus Lamarck
: ..mu_ £laps Bvass ‘
Copus imperialis Linnaeus
Egm lividus Bwass
_m pilés Linnaeus
Conus miliaris Hwass

' .Gp.m stristus Linnaeus
Copus terebra Born .
Esm yexillup Gmelin
Siphoparia sp..

Bivnlvii

Arca avellaps Lamarck :
Isogpnomop perpa (Linnaeus)
pectinid 8pP. °

8P,
.b.m 8p.
Cardita mmm Brusuxere
Iridacna maxime (Roeding) .
W

(Linnaeus)
Irapeziup Mm (Linnaeus)
chhalopodn )

| mmm.m sp.
Arthropodn

' Crustacea

leggzﬁgg cf. Lg;;;ﬁg_(annaeus)
.u.u.m m (Eerbst) ,
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Table 21. Continued.

Reef

161

Inter- 10 15 30 40
tidal Flat ft ft ft ft
il Echinodermata
h ' 'Alteroxdoa
Jsf.u.m cf. cumingi (Gray) X ~
gglg;ﬁg;g,(Lamarck) X X X | X
@ Echinoidea
Disdema sp. ; X |.
mmw (de Blamvxlle) X X |x |x [|X
Echinostrephus sp X IX X |X
Echipothrix é.um (Linnaeus) X | X
- Eucidaris mﬁm (Lamrck) X |Xx
¢ '
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Table 23. Fishes enumerated or observed during the general survey of inshore fishes . .
at Fagatele Bay conducted 5-12 April 1985. The presence of a particular
species is denoted by the number of individuals censused during the tran-
sect or a "p" which indicated the species was observed within 10 m of the
transect during a subsequent 20-minute search. Transect 1-S originated at
the shallow stake of Transect 1; Transect 1-M originated at the middle stake
of Transect 1; Transect 1-D originated at the deep stake of Transect 1l; etc.
The column labled "Bay" lists additional species observed within the bay during
a general reconnaissance dive to 60 ft (18 m).

1-S 1-D 2-5 2-M 2-D 3-M 3-D 4~S 4-=M 4-D 6-M 6-D Bay

Cafcharhinu; melénagperus P
Triaenodon obesus , | ‘ , o R 3
Aetobatis narimari - o - | o ' B
qunbthorax'javaﬁicus o ; k | ' P
Gymnothorax mélegg;ig /,, o 1
Flammeo*sﬁmmara . o ‘ B ‘ ' ' P
Myripristis befndgi ‘ .1
Sargocentron caﬁdi@acuiatum L , o P
Saggpcentron\diadema ‘ 1 |
“Séggpcenﬁron microstoma ‘ | 1 , I -
Sargpcéntron spiniferum ) 13 :
Sargocentron tiere : P 2 ‘ P P
Aulostomus chinensis | Pl P 1 P P P
Fistularia cdmmersonii‘ : “‘ | _ ’ P
Anthias pascalus IR < P
Cephalopholis argus o o 3 - Ri P
Cephalopholis leopérdus’ . \' "‘ o " ; , P
' Cephalopholis Qrodé1us o 'j 2 V‘ : P P P 1 2 2
‘Epinephelus hexgggya;us o \ 1’  - h |
‘: Epinephelus tauvina ' | P
Gracila albomarginata P |
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lfS 1-D

2-S 2-M 2-D 3-M 3-D 4=S 4~M 4=D 6-M 6-D BAY

Plectropomus leopardus

‘ Varidla louti

Belonoperca chabanaudi

Cheilbdiptefus‘macrodon

Malacanthus latovittatus

Caranx melampygus

Scomberoides lysan

Trachinotué'baillonii

Caesio xanthonotus

. Pterocaesio kohleri -

Pterocaesio tile

Pterocaesio 8sp.

Aphareus furcatus

Lutjanus bohar

Lutjanus fulvus

4,Lutjanus. gibbus

* Lutjanus kasmira'

_Lutjanus monostiggg

Macolor‘nigef

Plectorhynchus .orientalis

Gnathodentex aureolineatus

Lethrinus harak

Monotaxis grandoculis

Mulloides flavolineatus

Mulloides vanicolensis

Parupeneus bifasciatus

| P
PP P P
P
P
P
P
P
P
P
P
"
P 1 1 1 1 P P
P P
P
P
P P |
P P P P
P
P 1
P
1
P
P
P P P P P
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1-S 1-D 2-§ 2-M 2-D 3-M 3-D 4-S 4-M 4-D 6-M 6-D BAY

Pérupeneus chryserydros

Parupeneus trifasciatus

Pe@pheris:oualensis

Kyphosus cinerascens

 Chaetodon auriga

‘Chaetodon bennetti

Chaetodon citrinellus

~ Chaetodon ephippium

Chaetodon lunula

Chaetodon ornatissimus

. Chaetodon pelewensis

Chaetodon quadrimaculatus

Chaetodon raffiesii

Chaetodon: reticulatus |

Chaetodon semeion

Chaetodon trifascialis

Chaetodon trifasciatus

Chaetodon ulietensis

Chaetodon unimaculatus

Chéetodohlvagabundus

Forcipiger flavissimus

Forcipiger loqgirostris.

Hemitaurichthys pp;qupis'

Henicchds chrysostomus

Heniochus monoceros

Centropygg_bispindsus

P P P P 2 P P 1 P
P 1 P P P P P P P
P
P P 1 P
P
P
P 1 P P 2
P 2 1 P P P P
P
P P | P P
P
P 1 P
P P
P 3 2 3 11 41 1 P
P
1 P
P 1 P
P
1 P P P P
P P P P P
1 1 P P
2 P P
1 | P P P
P
P 1 1 p‘ P
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1-5 1-D 2-S 2-M 2-D 3-M 3-D 4=§ 4=M 4-D 6-M 6-D BAY

\

Centropyge flavissimus

Centropxgg loriculus

Holacanthus,trimaculétus

Pomacanthus imperator

gzggplites diacanthus

Abudefduf septemfasciatus

Abudefduf vaigiensis

Amphiprion ch:xgppterus

Amphipridn melanopus

Chromis acares

Chromis agilis

Chromis' amboinensis

Chromis atripectoralis

Chromis iomelas

Chromisﬁmargaritifer

Chromisrvandefbilti,;

' Chromis xanthura

Chromis sp. A

Chrysiptera cyanea

Chrysiptera leucopoma

Dascyllus trimaculatus -

Plectroglyphidodon dickii

Plectggglyphidodoh johnstonianus

Plectroglyphidodon lacrymatus

Plectroglyphidodon leucozona

P

13

2

P

\

P P
1
P
1
3\
P
P
2
P
P
4
.
2 1
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1
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'1-§ 1-D 2-§ 2-M 2-D 3-M 3-D 4-S 4-M 4-D 6-M 6-D BAY

Plectroglyphidodon phoenixensis 5

Pomacentrus brachialls ' -8 ' P 4 P 8 13 P
Pomacentrus coelestis / , B ' : . P
‘chmacentrﬁs vaiﬁli ‘ T 4 P P 3 4 5 Pk’ ' 2
Pomaéhromis richardsoni - ' « | IR 14
Stegastes fasciolatus ’ 38 ‘4/k‘ - 30 29 3
Stegastes gig}icans R T 8 |
Cirrhitﬁs pinhﬁlatus’ i 1 ‘ 2 : 1
ParacirrhiteS'ércatﬁs " , ‘3 : P P ’P 4 1
Paracirrhites forsteri ‘, o 1 ’ P P 1 1
Paracirrhites‘hemistictus"‘ - P
Aﬂampses caeruleépunététué : 1 P P 1 2 P P
AAnampses meleagrides 2 | P P B P .
g Anampses twistii R 2 l‘ 1 P P P P P P
,’Bodianuﬁ axillaris ; . P | |
Cheilinus chlorouruS» P P | P ’ P . ‘ P
| Cheiiiﬁus gigraﬁmus ' o : , 2 | P 1
Chéilin;s éxzpéphalus o | , AP’ 7 2 P 2 | ’§ P P
‘Cheilihus un&ulatﬁs o o | , ‘ S ’ . 4
Cheilinus Qnifgsciatus - P 1 1 P2 1 1 2 2 P P
Cirrhilabrus sp.j ' | B P | S . 3
gggig aygula ’ | ] P P | 1
Corig‘ggimard . P : / : ‘ 1
Epibulus insidiator; 1P 1 P P P
' Comphosus varius S - 5 1 2 P P 5 1‘. 3 P 1 Pj 
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1-8 1-D 2-S 2-M 2-D 3-M 3-D 4-S 4-M 4-D 6-M 6-D BAY

Halichoeres biocellatus

,Halichoereg hortulanus

Halichoeres margaritaceus

Halichoeres marginatus

- Halichoeres melanurus

Hemigymnus fasciatus

Hemigymnus melapterus

Hologymnosus doliatus

LaBroides Bicolor

Labroides dimidiatus

 Labno1des rqbroiabiatus'

Labropsis xanthonota

MaCropha:nggdoﬂ méleagris

Novaculichthys taeniourus

Pseudocheilinus hexataenia

Pseudocheilinus octotaenia

Pseudodax moluccanus

Stéthojulis bandanensis

Thalassoma amblycephalum

Y

Thalassoma fuscum =

Thalaésoma hardwickei

' Thalassoma lutescens

Thalassoma quinquevittatum

- Bolbometopon muricatum

Caloﬁomus sandwicensis |

Cetoscarus bicolor
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1-S 1-D 2-§ 2-M 2-D 3-M 3-D 4~S 4-M 4-D 6-M 6-D BAY

i

' Scarus brevifilis A | P

Scarus dimidiatus ' o P

Scarus frenatus ‘ B P P P P P : P P

‘Scarus frontalis ' ‘ P

Scarus gibbus S P P P P P

Scarus japanensis ‘ P P P P P P P P P P

Scarus nigef ’ ‘ . . ' P P 1 P P P

" Scarus oviceps o P P P P 1 - P P 1 P

Scarus psitticus P P 1 . P P P P

Scarus rubroviblacgus . 1 P P o P P

Scarus schlegeli . o o . P

Scarus sordidus 2 P 53 2 1 P 1 2 P 2

Scarus spinus e . o 1 P P P P P P P P

kacarus,tricolor , P 3 p P 1 1. 1 . P

Scarus sp. (juveniles)‘ , 4 6 2

Parapefcié»cephalqpunctata, - 1 k | , P 1

Aspidontus taeniatus ‘ - . 1

Cirripectes sebae ‘ ’ ; ~ 1

. Cirripectes stigmaticus . - ‘ - 1 : 1

. Cirripectes variolosus S i ’ P o 1

Cirripectes sp. ‘ : 1 1 , ‘ 1 P

Meiacanthus atrodorsalis ‘ N 1 ‘ P P

- Ptereleotris evides o , ‘ P ~ o ; P

Valenciennea strgggtus - o : ‘ S 0

Zanclus cornutus P P P P P P P P P P P

Acanthurus achilles ‘ ; P
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1-5 1-D 2-§ 2-M 2-D 3-M 3-D 4§ 4-M 4-D 6-M 6-D BAY

Acanthurus bleekeri - : “ . - f :’

@canthuruswglaucopareiué 7' /'P ;b P P 2 3 2. 4 6 5

Acanthurus gg;tatﬁs, | P -2 ~ P

Acanthurus lineatus 16 P 21 P 2 2

Acanthurus maculiceps R ) P : P

Acanthurus nigricauda P

Acanthurus nigrofuscus s 18 10 11 6 2 1 19 13 3 P 18

Acanthurus nigroris — ‘ ‘ : P

Acanthurus olivaceus ‘ ~ B k A ' k P P

_-Acanthurus pyroferus o ' ‘ ‘ ‘ ' P

Acanthurus thompsoni . : b R t P

Acanthurus triostegus 3 3 P - P

Acanthurus xanthopterus i P

Cteﬁochaetus'striatus’ o 54 83 218 195 115 ‘96 137 153 188 145 26 73

Ctenochaetus étrigosus ) 15 : P P ; "' : ‘ 4

Naso lituratus P P P 6 7 P 1 1 2 1 1

Naso tuberosus o . ' ‘ P

Naso unicornis P

Zebrasoma scopas : : 2 P 4 5 2 19

Zebrasoma veliferum ' : P P

Siganus argenteus | ‘ P P 1 P P P P P

Siganus spinus o : . "' P . P 1 2

Gymnosarda unicolor L P P P

Balistapus undulatus , - P 3 P P P P P P P

Balistoides conspicillum =~ : B , ' ' P

Balistoides viridescens "‘k[ P

Melichthzs'niger > - P .
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1-§ 1-D 2-S 2-M 2-D 3-M 3-D 4-5 4-M 4-D 6-M 6-D BAY

Melichthys vidua p 2 p P P P P P P P P P
Rhinecanthué rectangulus = P J o R
Sufflamen bursa - P | kP ‘ P P P
Amahses‘scégaS‘ o P P 2 ‘1 P P |
Canthefhines duﬁerili | 1 - ‘ o P

B Canthérhines pardaiis‘ | P 1 P 1 1 P _".? ‘7 ‘P 1 4
Oxymonacanthus loqg;:ostris ‘ | . ’ , . : ’ ?
Pervagor melanocé?halus o Cp 1 P | o P
Ostracioh meleag;is' ' ~ P “ . 1  o o P P
Aroéhron/ﬁigrqpuﬁctaﬁus ‘ o : : | f
Canthigaster amboinensis - , R
Céntﬁiggster solandri o B 'k‘ o 1
Total No. sPecies , | 46 105 49 65 60 54 57 51 65 66 67 61 31
dn—Transéct'spécies 15 49 21 32 23f 25 28 16 ‘23kk 23 22; 26 —
On-Transect Individuals 117 235 295 304 192 191 217 274 259 205 180 179 —
Shannon-Wiemer o ©.811.25 .53 .73 .69 .68 .72 .71 .56 .60 .97 .99 —

Diversity Index
Evenness D .69 .74 .40 .48 .51 .49 .49 .59 .41 .44 .72 .70 —

'Simpson's Dominance Index .25 .14 .55 .42 .39 .34 .41 .34 .53 .51 .14 .20 —
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¢

CHANGES in CORAL COMMUNITIES

FOLLOWING the OUTBREAK of Acanthaster planci 1978—1979

Two of us (Birkeland and Randall) visited Tutuila in April at 3-year
1ntervals in l979 1982 and 1985. In April 1979,/ coral communities in

Masefau Bay, at northwest Aunuu Island, and at MatulJ. Point (Fig. 2), were

\

being heavily preyed upon by Acanthaster planci which was ‘present by the

thousands. In Aoa Bay, Onenoa Bay, Fagasa Bay, and Cape Larsen (Fig. 2), the

- coral communities were'obviously preyed upon heavily a short time previous to

our visit. The coral coxnmunity at Fatu Rock may have been preyed upon several ‘
months earlier in ‘deeper wat‘er, ‘but appeared to ‘have been bypassed by A.
planci in ‘the shallow zone of - turbulant water. The coral COmmunities at
Fagafue Bay and Massacre Bay (Fig. 2) had not been preyed upon extensively.

ﬁe7 returned‘- in ‘April 1982 and 1985. to assess thechanges in community .
structure of ‘hermatypic corals at these locations (Tables 4-15) The average
abundances (number/m) of coral colonies at each site, depth and year are
given in Table 24, 'The loca,t\ions were selected a priori with the goal of
obtaitiing data for a 3-factor analys\is, the factors belng yave-exposure, depth‘
and time “(Table 25). Six areas geneyrally sheltered from wave action were
p‘aired uith six otherk nearby areas exposed to open coast conditions,‘ with
inside Masefau Bay: outside Masefau Bay, Aoa-Bay: 6nenoa Bay, northvest Aunuu
Island:" Matuli ‘Polnt,' Fagasa Ba;': Cape Larsen, Fagafue Bay: Massa‘cre‘ Bay, and
Rainmaker Hotel: Fatu Rock being tbe protected: exposed pairs of sites.

kThere was a significant difference (Table 25) in abundance offcorals
between years (Table 24). As 'would be expected, corals generally rwere more‘

abundant six years after the outbreak of Acanthaster planci (1985) than they

were three years after (l982).~ The exception were in shallow water (2-3 m)
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\Abundance (nﬁmber/m ) of hermatypic coral colonies at 12 sites

178

Table 24.
around Tutuila island in Apr11 1982 and in April 1985 at two depths
- at each site.
Locaﬁion Depth Year Number'of coral colonies/m2
- Inside Masefau Bay '2—3'm‘ 1982 2.89
1985 3.51
6 m 1982 5.93
1985 8.14
Outside Masefau Bay 2-3m 1982 +30.62
' 1985 - 33.94
6m 1982 2.68
’ 1985 5.30
Aoa Bay 1.5-2.5 m 1982 3.00
1985 18.62
C6m 1982 1.14
' 1985 3.63
Onenoa Bay 1-2.5 m 1982 5.97
D 1985 9.01
6 m 1982 2.23
1985 7.75
Aunuu Island 2-3 m 1982 0.41
1985 2,51
6 m 1982 0.51
1985 4.43
Matuli Point 1.5-3 m 1982 10.76
‘ ' 1985 13.68
6m 1982 2.54
1985 " 11.69



Location S ‘Depth‘ L * Year k Number of coral colonies/m2

Fagasa Bay = 2-3m 1982 - : 7.98

1985 4.29
6 m 1982 313
| 1985 5.60
’ Cape Larsen © 2-3m 1982 . - 7.88
v 1985 o 7.81
' 6 m : 1982 757
; © . 1985 12.17
’
:  Fagafue Bay | 5-2m . 1982 8.00
o 1985 | 12.40
6m 1982 . 5.41 . 2
i 1985 13.88
Massacre Bay 1.5=2 m 1982 . 11.92
S 1985 . 28.83
" 6m 1982 5.93
| 1985 118.23
" Rainmaker Hotel .5-1.5 m 1982 4,69
| - 1985 8.25
6m 1982 11.58
- 1985 , 0.84
Fatu Rock 2.5-4 m T 1982 S 22.19
| : 1985 18.79
6m - 1982 - 19.66
| 1985 17.41
L
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Table 25. Results of a factorial anova of the data in Table 24 concerning the
‘ relation of coral abundance (number/m2) of coral colonies to
location around Tutuila, wave exposure, depth and year.

source of - degrges of mean FS
variation . freedom square
location (A) o s 92,79 7.48%
exposed or protected (B) 1 . 629.95 50. 6%
A X B interaction 5 7 56.24 | | ns
depth: 3or 6m (C) 1 210.30 16.95%%
A X‘C inter&ction 5 \ 39.65 B ‘ - ns ,
B X C interaction » 1 ‘ . v 119.73 9.65%
A X B X C interaction’ 5 . 94.16 1 7.58%
Year; 1982 or 1985 (D) 1 ; 154.05 12.41%
A X D interaction . - 5 45.64 ne
B X Dlinteraction - 1 ; 11.15 ns
A k BXD intera;tion , ,’ 5 - 8.74. ns
CXD 1ntefaction 1 - 0.45  ns
A X C X D interaction 5 11.61 - ne
B X CXD interaction 1 20.93 ns

: | L ,
AXBXCXD interaction s 12.41 -

(assumed to be the
error term) ‘
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at Fagasa Bay and at Cape Larsen and in deeper water (6 m) at the Rainmaker
Hotel and at Fatu Rock. We suggest the exceptions in shallow water possibly

may be related to f1shing with .Clorox  and the exceptions at Pago Pago may be

. related to urban and industrial pollution.

When Birkeland visited Tutuila in July 1980, he observed seueral areas in
i C | . . . . ' .
shallow water between Sita Bay and Fagasa (Fig. 2) where numerous white swaths

laid as bands straight across neighboring colonies. Acanthaster planci does

not feed in such a pattern. This pattern could have been a result of a toxic

. chemical washing across the colonies in a surge of water., This area of damage

to coral apparently from Clorox is also the region in which there was a slight

' decrease in abundance of corals during a  period when corals were increasing in

abundance in other areas,

When we visited Tutuila in 1985, the oily brown plume of water from Pago

'Pago could be seen passing Fatu Rock. During our stay in Tutuila in 1979,

Pago Pago Bay did.not appear to be nearly so polluted as it was in 1985. The

striking decrease in coral abundance at 6 m depth on the reef at the Rainmaker

' Hotel and the slight decrease in coral abundance at Fatu Rock may result from -

1ncreased turbidity and perhaps even toxic effects of polluted harbor waters,

The abundance of corals‘varied also with\depth (3 or 6 m) and with

'whether the area was'exposed to or protected from wave assault (Tables 24 and

25). Corals were generally more abundant in shallow water and this difference
in abundance was greatest in areas exposed to heavy wave action (Iable 24)
The interaction between depth and exposure to wave action was also signlficant

(Table 25). - This ‘may be _attributed to occasional protection of reef

communities,in'shallow.water fron predation: by Acanthaster planci. "A. planci .
seems to havefdifficulty maintaining its position in an area with strong wave

action. Therefore, an aggregation of.é. planci tends to have a greater effect
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o on'caral copmunities at depths below‘the‘surf‘zone. 'This difference in
effects of A. ‘BEEEEE is ~probably greater on exposed coasts than in
proteeted bays. Althoughkthe effects of depth and degreeﬁof wave exposure
are both signifieant (Table 25), the interactions betueen these factors arek
~ also significaut; | |

'Location at coastal sites around Tutuila 1s a significant factdr'for
abundances of coral colonies per m (Table 24 and 25), for percent cover of
‘reef substrate by hermatypic corals (Tables 26 and 27), and for mean colony
diameter (Table 28 and 29). This is’ not surprising because locations
‘ differ in past history,hi.e., in whether coral communities were heavily
preyed upon by A. p_lgg_si within the last decade and probably also in
‘ abundance and success of coral recruitment..

Although the abundance of coral colonies and substrate surface'cover
by hermatypic corals was greatiy reduced, a few small living coidnies or
ﬁortions~of colonies of.each eoral specles apparently did remain tucked
awa&y ih‘fcreﬁices or depressions. However, the qiversity of the coraly
community often increased'during;recovery of the reef community (Table 30).
This must‘he largely a result of an increase in evenness of representation
by different species'and a decrease in predominance of a few species (Table
/ 30) rather than a result of an increase in the number of species.

‘We are tempted “to hypothesize that the increase in prevalence of
Millepora.at the reefs near the Rainmaker Hotel 1is a result of greater
,vtolerauee sf Millegora,to pollutisn. This'matter should be followed by

observing further changes in coral community structure in Pago Pago Bay.
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Table 26. Percent cover by hermatypic ¢oral colohies at 12 sites around

Tutuila Island in April 1982 and in April 1985 at two depths at
each site. o ‘ "

Location o ; . Depth o Year. % cover by hermatypic corals
Inside Masefau Bay 2-3m 1982 ©12.31
| 1985 3.69
A ‘ . S S 6m 1982 | 32.85
o | - | © 1985 66.08
Outside Masefau Bay 2-3m - 1982 41,94
- o 1985 - 28.44
6m 1982 . 2.59
1985 ; 3.30
Aoa Bay : 1.5-2.5m 1982 , 3.12
o | | 1985 ‘ 11.52
6m o 1982 ' 0.78
~ 1985 \ 1.80
Onenoa Bay . " 1-2.5m " 1982 ‘ 2.68
- 1985 11.54
6 m 1982 . 3.3
. 1985 o 9.22
Aunuu Island 2-3m - 1982 - 1.65
| S 1985 - 1.56
6m 1982 o 0.06
1985 ; 1.83
‘ Matuli Point - . 1,5-3m 1982 - 23.68
\ S g 1985 : S 11.72
: ; 6 m 1982 , 7.89
¢ o - g s 1985 o 41.49
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. Locationm.

1985

184

Depth Year %cover by hermatypic corals
Fagasa Bay 2-3 m 1982 16.77
~ : 1985 1.93
6 m 1982 2.48
: 1985 21.33
Cape Larsen 2-3 m 1982 10.65
1985 14.25
6 m 1982 7.35
1985 22.34
Fagafue Bay 5-2 m 1982 80.14
, 1985 85.50
6 m 1982 115.44
1985 98.43
Massacre Bay 1.5-2 m 1982 59.99
1985 88.69
6 m 1982 60.63
1985 © 91.68
Rainmaker Hotel - .5=1.5m 1982 6.65
; ~ 1985 11.38
6m- 1982 - 27.72
1985 19.19
~ Fatu Rock. 2.5-4 m 1982 17.34
’ ‘ 61.49



Table 27, Results of a factdrialvanova of the data in Table 26. Concerning
‘the relation of percent coral‘covet to location around Tutuila,

wave exposure, depth and year.

(assumed to be the
error term)

185

source of degfees of mean F

- variation freedom square s
location (&) 5 6914.80 51,53k
‘exposed or frbtected (B) 1 46.63’ ns
A X B interaction - 5 447.16 ns
depth: 3,of 6 m (C) 1 - 391.88 ns.
A X C interaction 5 93.41 ne
B4x C inﬁeractioﬁ 1 576.78 ns
A X B X C interaction 5 486.14 né
Year: 1982 or 1985 (D) 1 662.53 ns
A X D interaction 5 27.93 ns
B X D interaction 1 350,95 ns
AXBXD inééraction 5 185.89 'iné
‘C X.D~1nteraétion 1 417.19 ns
AXCX b interaction 5 128;11 ns
BXCX D interaction 1 110.20 -ne
AXBXCXD interaction 5 © 134.20



Table 28. Mean diameter.df hermaﬁypic coral colbnies'at 12 sites around

- Tutuila Island in Apr

- each site.

i1 1982 and in April 1985 at two depths at

186

Location Depth Year Y cbral/colony
‘ T diameter (cm)
" Inside Masefau Bay 2-3 m 1982 13.2
6m 1982 14,86
1985 30.6
Outside Masefau Bay 2-3 m 1982 9.1
. 1985 8.2
6 m 1982 5.6
1985 7.5
f
Aoa Bay 1.5-2.5 m 1982 7.2
‘ - ; 1985 7.3
6m 1982 . 5.2
1985 7.1
Onenoa Bay 1.2.5m 1982 6.9
1985 11.0
6 m 1982 5.8
1985 10.1
Aunuu Island 2?3‘m 1982 '14.9
11985 1.4
6 m 1982 3.6 .
;985  6.2
Matuli Point 1.5-3m 1982 11.
‘ ~ "~ 1985 19,
6 m 1982 9.2
1985 19.5



Location

Y coral colony

187

Depth Year
diameter (cm)
Fagasa Bay 2-3 m 1982 10.9
' 1985 6.3
6 m 1982 6.6
1985 15.2 .
Cape Larsen 2-3 m 1982 - 8.9
- 1985 12.3
6 m 1982 7.7
1985 11.9
- Fagafue Bay 5-2m 11982 28.0
S 11985 22,
6 m 1982 32.4
1985 20.1
Massacre Bay 1.5<2 m 1982 17.4
1985 14.7
6 m 1982 26.0
1985 21.8
Rainmaker Hotel .5-1.5m 1982 8.8
' ‘ 1985 9.3
6 m 1982 +11.9
1985 22,
Fatu Rock 2.5-4 m 1982 9.8
L ‘ : 1985 11.4
6 m 1982 8.3
1985 19.2



Table 29. Results of é factorial anova of the data in Table 28 concerningkthé
‘relation of mean diameter (cm) of hermatypic corals to location
around Tutuila, wave exposure depth and year. : :

source of degrees of : mean CF

variation ~+ " freedom ' square s f
location (&) . s 228.98 22374k
exposed or‘prbﬁected‘(B) ' 1 31.14 ns
A XB interactioﬁ‘ 5 o 4?.30‘ : ‘ ns
“'depths ‘3 or' 6 ﬁ <y - 1 e , i 63.62 ne
A X C interaction ' 5 o . 18.24 | ns
: B X’C interaction 1 o 1.49 ns
AXBXC interéc;ibn ; 5 . 38.30 | ns
Year: 1982 or 1985 () . 1 . 24.28 ne
A X D,interaction‘,’ 5 ‘ 34.68 ns
B X Dainﬁeraction 1 : ﬂ 11.4%’ nsi ’
A X B X D interaction 5 8.11 o ons
CXD 1n:efgcciqri ! 1 |  116.38 11.34%
AX b XD intera¢t10n~ _ 5 : 20.65 ‘ | ns
BXCXD interaction | 1 10,77 ns
AXBXCXD interaction , s 10.26 | |

(assumed to be. the
error term)’g
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Table 30. Indices of community structure for hermatypic corals at 12 sites

‘ ~around Tutuila. Diversity, evenness and dominance were calculated
for two depths at each site for April 1982 and for April 1985. The
numbers of coral species are given for 1982, 1985 and, for some
sites, 1979 and are combined for both depths at each site. The
total numbers of species for each site over all years and depths
combined are given in parentheses,

ﬁ} Location, Depth Number of Shannon-Wiener -  Evenness Simpson's
i and year -~ Coral "~ Diversity ' Index Dominance
s ‘ Species . Index | Index
» ; : o H' ~ J' h D'
Inside Masefau Bay ©(101)
2-3 m ‘
1979 B 69 | , ~
1982 3 41 L9772 .7942 o .1599
1985 o 47 1.1538 .8869 . .0740
6 m\ , ‘ , , C . o , :
1982 4531 5361 .4187
1985 ~ | .5589 .7183 - .3262
Outside Masefau Bay . (66)
2-3 m
1982 ‘ 51 .8746 . .7263 .2333
1985 - 41 1.0470 ‘ . .7919 - W1441
6m
F '1982 | 2.2999 . .9187 . . .0461
N 1985 ‘ ‘ ‘ ’ .9964 " \ . .8275 .1315
: Aoa Bay | (60)
v 1.5-2.5 m B
i 1979 ; o2l . . : ‘
. 1982 41 1.0497 - .8362. .1141
: 1985 , 37 .9938 .8253 .1254
g s ~ : ‘
, 6 m
1982 1.2141 9044 0650

1985 3 .. 1.1856 , - .8706 L0791
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Location, Depth . . Number of - Shannon-Wiener Evenness Siﬁpson's

and year ‘ . Coral Diversity Index " ' Dominance -
. : Species Index = ' 4 Index
H' AL D
' Onenoa Bay , (67) .
,1-2;5 m
1979 23 . - IO
1982 48 . - 1.1033 .8480 ‘ , .1079
1985 _ ' : 38 1.05?7 .8426 ) .1056
6 m
1982 o 1.1562 8377 .0989
1985 C ' ’ ‘ ~l.1181 .8744 .0823
Aunuu Island T (85)
2-3m
1979 o | | |
1982 27 1.0045 .8541 .1085
1985 . o 24 SR . .8593 .7963 } ..1723
‘6 m |
1982 - . .8632 - .8289 .1775
1985 ‘ N 1.0699 S .8885 S .0889
Matuli Point . (55)
1.5-3 m
1979 36 | |
1982 ‘ 40 - ‘ .9806 . .8338 : .1316
1985 19 . o .8063 .7743 1972
6 m "
1982 ' ' . .9873 .8395 .1364
1985 L - , .4920 4920 +5104
Fagasa Bay ~ (85) ‘ ' ; ) -
2-3 m _
1979 - 51 , | | o
1982 . 58 1.1534 .8357 .0966 .

1985 ‘ 35 - .7829 - .7028 o .2718
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i

Location, Dgpth"’ Number of Shannon-Wiener Evenness Simpson's

and year o Coral - Diversity o Index Dominance
Species : Index Index
. N ' - H' - J' D
6 m
» 1982 11609 - 8411 .0912
| | 1985 | | .9101 -~ .8170 .1610
ig ‘ Cape Larsen ' (61)
2-3 m
1979 21 ‘ ‘ \
1982 o 37 . 1.1074 .8512 ' .1113
1985 42 ) 1.1484 .8685 .0989
6m |
1982 o 1a10 - .8571 ~.0870
1985 o .9768 .7508 .1983
. . []
Fagafue Bay (86)
S5-2m
1979 49 : |
1982 65 1.1554 , .8607 .0847
1985 , 43 .9577 .8143 L1469
6m B 4 . T
1982 . 1.2915 9239 0462
1985 | 1.0581 - .8132 .1270
Massacre Bay - (51) -
1.5-2 m 7
» , 1982 26 .8249 | .7405 .1932
% I 1985 38 . .8787 .8142 .1802
6 m . ‘
1982 I : | .9980 .8960 ~.0952

1985 o o .9746 TN .8094 .1444
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Location, Depth- . =~ Number of = Shannon-Wiener Evenness Simpson's .

. and year ‘ Coral Diversity Index Dominance
‘ g " Species Index : Index
. : ‘ ’ H! . T J' D ‘ )
Rainmaker Hotel - (59)
5-1.5m "
1979 43 | | \
1982 42 .8583 o .7706 .2119
1985 33 .8453 .8117 1712
'6,mA |
1982 o .8350 - .8018 .1780°
1985 o © 1.1305 .8690 .0885
Fatu Rock (6D
2;5—4 m ;
1979 39 o . o
1982 < 36 .8086 .7055 . .2401
1985 - 29 . .8574 L7481 1949
6‘m ‘ ' ‘
1982 .9224 ' .7843 7 .1566

1985 . .9681 : .8231 B .1446
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4

INFLUENCE of Acanthaster-INDUCED CORAL KILLS on FISH COMMUNITIES AT FAGATELE
BAY and at CAPE LARSEN

During 1978 and 1979 a populatlon explosion of Acanthaster: planci killed

a large proportion of the reef corals around Tutuila Island . An est1mated

- 80-90% of the corals were killed on the reef fronts of Fagatele Bay and Cape

Larsen during October l978. ,Fish transects‘ censused before_ and after the
coral kills in these tﬁo areas facilitate analySis of the impact of this
perturbation on. the. fish: communities

Fishes were censused three times at Cape Larsen prior to the coral kill

and two times subseqdently, including the census .done in April 1985. The

results of these transects are 1isted in Table 31 ' Fishesﬁere censused once

at Fagatele Bay just prior to the coral kill and agaln in Aprll 1985 These
‘results are l1sted in Table 32 along with thefresults of two censuses

‘ conducted at Sita Bay over the same time period.

In contrast to the ‘other two areas, the corals at Sita Bay were largely

untouched by Acanthaster planci. Sita Bay, therefore, serves as a control.
Differences between 1its two censuses are a measure of population changes

resulting from factors othér than an extensive coral kill, as well as a

measure of data variability and the précision o‘f~_the metnod. - The latter two

factors can also be examined through comparison of ‘the first three columns of
Table 31‘ depicting the results of Cape Larsen censnses- conducted only. four
days apart (a period of time too short to r‘es,ult,in any real population

\

changes) and ten weeks apart. ' | ’ : ' oy

The unusually large numbers of Ctenochaetus striatus in Apr’il 1985 again
confuse the analysis. In each of the three study ‘areas, the tot:al number of

all fishes censused in l985' ‘exceeds the tot_als‘ for each of the previous
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TABLE 31. Fishes enumerated or observed during repetitive‘tnansects conducted‘
at Cape Larsen before and after an extensive coral kill by
Acanthaster planci late in 1978,

transect dates.

Saurida g;écilis

'Synodus 'sp.

Flammeo sammara

 Myripristis berndti

',Sa;30centron diadema

‘Sargocentron lacteoguttum

‘Sargocentron microstoma

Sargocentron tiere
goc

Aulostomhs:chinensis

Ptg;ois volitans

Caracanthus maculatus

Anthias pascalus

Cephalopholis argus

Cephalopholis- leopardus

Cgphélopholis‘urodeius

Epinephelus hexagonatus -
.'Egineghelus;tauvin# -

- Variola loﬁti

Cheilodig;erus guinquelineatus

Caranx melampygus

Caesio xanthbnotus

Pterocaesio tile

10-VI-77 14-VI-77 26-VIII-77 4-1-79 9-IV-85
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- Aphareus' furcatus

Lutjanus bohar

LutjanuS‘fulvus

Lutjanhs monostigma

Macolor niger

Plectorhynchus orientalis

" Gnathodentex aureolineatus

Monotaxis grandoculis

Mulloides flaVoiineatﬁs!

Mulloides vanicolensis

Parupeneus bifasciatus

Parupeneus/chgyserydros

Parupeneus trifasciatus

Pempheris,oualenSis

Kyphosus cinerascens

Chaetodon ephippium

Chaetodon lunula

Chaetodon melannotus

Chéetodon ornatissimus -

Chaetodon pelewensis

Chaetodon rafflesii

Chaetodon reticulatus

Chaetodon semeion

Chaetodon trifascialis

Chaetodon trifasciatus

Chaetodon vagabundus

10-VI-77 14-VI-77 26-VIII-77 4-I-79 .9-IV-85

P

P

12

13

P

"P

11

195

P

P

P

P

P

P



10-VI-77 14-VI-77 26-VI1II-77 4-I-79 9-IV-85

'Fdrcigiger flaviésimms ‘ P P P
Forcipiggg longirostris : o | P P
Heniocﬁus chrysostémus | | 2
Hgniochqé vérius' - P P 2 2
Centropﬁgg flavissimus : '2 ‘ 7 2 P : 5
Céntrogxgg’loriculus ' | P
Pomééanthus impéra;or | ~‘ ‘ 1 ‘ | P
_Pygoplites diacanthué/\ P - P 2 P 2
‘Amﬁhiprion chrysopterus k . - P P | |

- Chromis acares : ‘ 35 47 24 16 ’ 3/,‘
Chrdhis agilis ) . - ‘ ’ P
Cﬁromis ionmelas ‘ ' ' i ‘ P‘ 5 P P
Chromis marggritifer ' ) 7 6 12 7 7
Chromis vanderbilti - -1 ‘~ P P

~ C. weberi - PP p 4
Chromis xanthura ,l : ' 20 B C I P 24
‘Chtysiftera‘cyanea o 9 : 9 o 17 9 A 5’

‘ Chrysiptera leucopoma - : ., ’ P
Dascyllus reticulatus / s | P
Nedpomadentrug metallicus : P 5 A 16 ;6
Plectroglyphidodon dickii . 107 107 \ 129 58 8
Plecﬁ;qg;xphidodon joﬁnstonianus 8"1» '6 8 7 ’  1
Plectroglyphidodon ]'.‘acrymatus‘ | 1922 37 39 .67
Pomacentrus brachialis - 73 56 80 78 40
PomacentrusTQaiu;i ' . 3 -6 5 n’ 1 9
Pomachromis richardsoni ‘ ' ‘ . P
Steggstes‘f35¢1olatus~ B "5' 6 5 6 12
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10-VI-77 14=VI-77 26-VIII-77 4~I-79 9-IV-85

Neocif;hites armaﬁus ; ' o . ; P
Paracirrhites arc#tﬁs o . 12 .16 | 19 7 k3
Paracirrhites forsteri o 1 2 1 | 1 1
: Péracirrhifes hémistiqtug | I - f
Anamipses caeruleopunctatus o P o f \ P
fAnampses mele;gg;des‘ o P ., P P P
Anampsesitwistii S ‘ > | 21 5 JP | P
ﬁodianus a#illaris 2 2 1 P P
Cheilinus dxycephalds’ - | - : ‘ 2.
Cheilinus ErilobatQS' ‘ | . , P
Cheiiiﬁus Qﬁdulatus » | B ‘ , . .. P
Cheilinus unifasciatus o P 2 p 1
Cortsayguls . 3
Epibulus insidiator | o . L 2
Gogﬁhosds variﬁs‘ . / 1 10 | ', 2 16 16 9
Halichoeres hértulanus ‘ . P~ P P | P 2
Halichoeres margaritaceus . | . 1
Halichoeres marginatus : .i R 1 2 2
Heglgjmhus fasciatus k P P . P P P
Labrichthys unilineatus = P © P j 2 ’ i
Lébroides'bicoior | ,;2 { P i~ P P
Labroides dimidiatus , 3 - 4 2 1 6
L;broideé'rubrdlébiatus ' L2 2 s | 2 8
Labropsis xanthonota " | , o | P . P
ﬁacroéhaiygggdbn'meleagrisr - ‘? P :'P, P 1‘

Ndvéculichthgs taeniourus
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10-VI-77 14-VI-77 26-VIII~77 4-I-79 9-IV-85

Pseudocheilinus hexataenia - 8 15 7 ‘ 3 4

‘Pseudocheilinus octotaenia r‘ - | ’ - - P
iStethojuiis bandanensis . , ’ / R P
Steghojulis crilinéaca‘ R o 1
Thalassoﬁa fuscum P
Thalassoma hardwickei - 5 2 1. 8 5
Thalaésoma‘quinquQittatum, _ 2 2 4 ‘ 3 4
‘Calotomus sandwicensis v | P
chrhs brevifilis L 1 : : | | P P
Scarus frgnatus* : © P . P o2 . P ?
- Scarus frontalis : - ) ‘ , P
Scarus gibbus N 1P P P P
Scarus 1§panensis‘ . P 1 P , | 1 | P
* Scarus niger | - 1 P 1 P 1
lScéfus oviceps : | o , P P ,
Scarus pgittiéus;[ o P 2
Scarus rubfovioiateus ’ P . P P i P ‘ P.
Scarus sordidus e P P 1 s
<‘Sc§rus spinds , | . .r' P |
“Scarus tricolor T 1 o P - P 1
~P;raperéis cephalopunc£ata - o / B \ - P
‘CirFipectes‘stigmati;us o 9 13 & 4 15
' Meiacanthus atrodofgalis ' P P S 12
Ecsenius bicolor o ‘ 1
_ Exallias brevis. S SRR |
Ptéreléotris evides ’ L:‘ 4 f‘-P P P P
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10-VI~77 14-VI-77 26-VIII-77 4-1-79. 9-IV-85

) Zanclus cdrnutué; , T : \ ‘ 1 P
Acéﬁthurﬁs achilles o ' o N 1 | ; P
- Acanthurus g}adcop#reius 2 -3 6 6 ; 6
gr ' i Acanthurus gutta;uSI B o P’ o P P 'P‘ - \‘P\
w Acanthurus lineatus \ P P 1 1 P
ib S - ‘ ‘Acanthurus maculiceps - | P i P k | P
I ﬁ' Aﬁanthurus-glgridauda : -3
Acanthurus Elg:pfuscus\ - \ : 5 5 4 10 45
Acanthurus olivaceus ‘ : : - P k P |
Acanthurus tho@psoni ' ‘f - P : | 4
Acanthurus xanghoéterusk‘ _ (l A ‘ P
Ctenochaetus striatus 37 4745 27 326
‘Ctenochaetus strigosus A P 1 3 1 P
ﬁ#so lituratus. '/‘“ - P ) P P 1 2
Naso tuberosus - | | - R P
Naso unicornis | o C ) P
Zebrasoma scopas ‘ 1 o P
ZeBraébma velife:um | P ’ P \ P . P : P
‘§1ganuslé£g§nteus’ | ‘ ‘ A ‘ ',~7 P
X Bélisﬁapus‘undulatus ; : P P P P k P
Melichthys vidua EE 2 2 @ o 1
' ' : Amanses scopas : ) 1 1 o2 2
[? Cantherhines dumerili P - P 2 . P P
I : ‘ o
" Cantherhines pardalis o 1 P P P 1
Oxymonacanthus loqgigpstris ' P , | | 1
fervaggg melanoceﬁhalus 7 : . ; ‘ 2 | C 2
OsfrACIOQ meleagglg | - P P P 1 1
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10-VI-77 14-VI-77 26-VIII-77 4-I-79 9-IV-85

Arothron gigrqfunctatus' ; - ,' : P 1
Canthigaster solandri | 2 .5 1
Total &o.'qf‘Spegies " 100 93 104 105 104
| On-Transect Species 52 43 . s4  s2 sg
On-Transect Individuals 465 466 522 393 668
Shannon-Wiener Diversity T 1.2846 1.2596 1.2692 1.2939 1.0165
Index B’ | | | |
Evenness Compoﬁent of ; ~ .7486 7711 | .7326 "« 7540 .5780

Diversity 3’
Simpson's Dominance . .0986 .0968 .1058° - .0883 . .2590

Index

2001,



. TABLE 32. Fishes enumerated or observed during repetitive transects ‘conducted
~ at Fagatele Bay and Sita Bay before and after Tutuila reefs were
impacted by an extensive coral kill by Acanthaster planci late in

« S ‘ 1978. The coral kill at Fagatele Bay was heavy while corals at Sita
‘ , Bay received little damage.

; o . o . FAGATELE BAY : spm‘ BAY
‘!. ’ ' ~ 25-IX-78 12-1V-85 17-VI-77 10-IV-85
ﬁ - ' Flammeo‘semmare , 7 » o ~ P 4
kMyripriStis berndti ; ’ o 10 1
Myripristis kuﬁtee ; '~ : - 0 o 3
Myripristis violaceus o ' ; | ‘ 1 ‘ 1.
f‘ | o Sgggpcentron tiere ) / ,‘ - S ‘\' i 2.
| - Aulostomus chinensis k \ f , 3
Anthias paseelus _ ‘ P P
Anyperoden leuceg;ammieus l’
Cephalopholis argus . P P : f ’ P
 Cephalopholis urodelus '\ ’ f : 3 | 7 5‘\ \ 4
Eéinephelus tauviea‘ ; ' : 1 |
Gracila albomarginatar ? -
: Maiaeanﬁhus latovittatus 2 . P
Scomberoidee lysan - ; P
Caesio caeruiaureus o é
Caesio xanthonotes o P P
Pterocaesio kohleri . : ‘ 9 P
ﬁ’ ) ‘ » Ptetocaesio tile | ; : | \ ] 5
ﬁ | PterocaeSio ep. : , ‘ ' , 8
ﬁ" ,~ : ’ . Aphareus furca;us ‘ P \/ 1 - P 1
| Lut’jaﬁgs bohar ‘ | . P P | P P
Lutjanus‘fﬁlvus ~ ; R « 2 P
Lutjanus gibbus - ‘f; P
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FAGATELE BAY | SITA BAY

25-1X-78 12-1V-85  17-VI-77 10-1v-85
Lutianus monost;ggg- ' : ‘ i ' P
Macolér niger . P P p P
!Plecforhynchus brientalis ; | : P ' P
Gnathbdentex aureolineatus ‘P i 3 ’ ' ' P
- Monotaxis g;aﬁddculis | P P o P P
| Mulloides flavolineatus 2 2 : A 15
,Muiloides vanicdlensis ' . P \
Parupeneus Bifaséiatus : »‘f 3 "‘: . 2 P
.’Pérupeneus chryéefydros‘ 1 1 2 8
tPa?hpeneus trifasciatus - P | P - 3 6
’ Pegpheris:oualensié ‘ . P ‘ 6 6
gyphosﬁs cinerascens ] P P | P P
Chaetodon bennetti 7 ) ' P .
‘ Chaetodon ephiépium | P P ? P
 ’Chaetod9n lunula o ‘ ‘: o | . P 1
Chagtédon meiannotus | o 7 - 3 P
Chaetodon érnatigsimﬁs 1 , . o 3
Qhaétodon pgiewensis; ; 1l | oo P P
Chaetodon rafflesii | " P.
Chaétodon retiﬁuiatus | 1 2 | 4 3
' Chaetodon semeion 'P‘ |
Chae;o&on trifascialis - 5 P . _ 4_ ' 1
Chaecaddn triféséiatus P - 3 , i
~ Chaetodon ulietensis P B P {
i ’Chaétodon:unimaculatus . \ 2 P
”/'Chaetodon ggggbﬁndua"' 1 : P P.
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SITA BAY

" FAGATELE BAY
17-VI-77 10-1V-85

25-IX-78 12-IV-85

1 Forcipiger flavissimus

~ Plectroglyphidodon dickii-

203

P

1
Forcipiger lqgg;rostris. 1
Hemitaurichthys polylepis P 7
‘Héniochus~chfysostomus P P
heniochus mOnoceros P
Heniochué varius f‘ / P P
Centropyge bispinosus 2 2
~ Centropyge flavissimus ~ P 2 3 4
Centropyge loriculus P
Pomacanthus imperator P
Pygoplites diaqanthus ‘1 1 1 P
Abudefduf viagiensis . P P
Chromis acares 72 P . " 55 P
Fhromis.ég}lis 4 fk
Chromis.atripectoralis : 8 P P f
Chromis iomelas 19 48 6 P
Chromis marggriﬁifer | 2 5
Chromis vanderbilti P
. Chromis xanthufé 13 1 .22 4
Chromis’sp.xA. 4 P
Chrysiptera cyanea | 49 19
Dascylius reticulatus. 3’
| D;scyllqs‘trimaculatus -1 2
Neopomacentrus mgtallicus ‘ 28 15
115 P 85 66



Plectrqglyphidodon johnstonianus

Plectroglyphidodon lacrymatus

Pomacehtrus brachialis

Pomacentrus vaiuli

Stegastes fascilolatus

Paracirrhites arcatus

’Paracirrhites forsteri

¢

Paracirrhites hemistictus

Anampses caeruleopunctatus

Anampses meleagrides

'Anémpses twistii

Bodianus axillaris

Cheilinus chlorourus

Cheilinus digrammus

Cheilinus oxycephalus

Cheilinus tfilobatus

Cheilinus unifasciatus

Coris aygula

" Epibulus insidiator

Gomphiosus varius

Hélichoeres biocellatus’

‘Halichoeres hortulanus

Halichoeres marginatus

Halichoeres melanurus

Hemigymnus fasciatus
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FAGATELE BAY SITA BAY
25-IX-78  12-IV-85 17-VI-77 10-1IV-85
18 16 12
4 12 17 25
12 5 79 23
5 "24 12 20

| 19 1
5. 3 7
2 P 1
P P
P P
P P
P 2
P 1 P P
1
P P
1 2 3
.'P 2 1 2
P P
1 P P 1
8 4 7 11
P .
P 2 1 1
1
2
P 1 P 2



. FAGATELE BAY " SITA BAY

25-1X-78  12-1V-85 17-VI-77 1o;1v:és
' Labrichtﬁys uniiineatus. | _ 3 . | ~'P
Lébroiées bicolor o R P _ o P ’ 1 \P .
Labroides dimidiatus ‘ 2 S X o 6 3
Labroides rub;blabiatus P P '_{ 1 o2
Labropsis xanthoéota - ' 2 ‘ P
Macrbpharngpdon melggg;is P | | 2 2
Pséuddchéiliﬁus evanidug | 'P '
Pseudocheilinus hexataenia - - ? ,’ ‘ B 1 | 5 5
Pseudocheilinué octotaenia P ‘
Pseudodax moluccanué .’ ‘ P ' 1
Stethojulis bandanensis o P . ' P
Thalassoma hardwickei | : P ’lr. . _‘ 9 2
Thalassoma lﬁtescens S 3 5 |
Thaiaséoma quinquévitté;ﬁm.v - ) . ‘ .2 "2
Calotomus Saﬁdﬁicensis 1 f 1
' Cetoscarus,biéplor“ ‘ P P
- Scarus b?evifilis . ’ h ) : P
Scérds dimidiatus - f‘ _ P |
Scarus frenatus X | J P x P
Scarus gibbus | P 2 1 P
Scarus japaﬁensis o P P ' 3 4,;‘
Scarus niger ; o 2 ] | " P
Scarus'oviﬁepé 7 P P
Scarus,ﬁsitfieus ' I . ' P P . ' . P
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 FAGATELE BAY SITA BAY
25-1X-78 12-1V-85  17-VI-77 10-IV-85

J

Scarus rubroviélaceus | . P k P o . - P

 Scarus échlggeli - ' P |
Scarus sordidus ’ ‘ | ‘4 5 o1 | 2

: Scérus'spinﬁs' R k‘ kP P

-'Séarus tficolor ﬁ - P | 3
Scarus sp. o   , S / 3

\Cirripectes stigmaticus : 1 + 16 4
Exallias brevis | - ‘ ‘ P
kMéiacanthuslaﬁrbdorsalis o P 9 ‘ P
Plag;otremus.tapeiﬁosoma o ~ S 2 .
Ptereleotris evides - P ’ P ' P P
Zanclus cornutus N 1 P o 1
Acanthurus bleekeri | S P
Acapthurus E;aucoparéius - 3 8 6 A 9
Acanthurus guttatus * o | P P
Acanthurus lineatus "’ P : P P P’k
Acanthurﬁs gégricauda | | | | P

' Acanthurus ﬁig;gfuscus | 2 | 23\: 3 24
Acanthurus nigroris : ‘ . P

' Acanthurus olivaceus ; . P
‘Acanthurus py:oferus SRR P ‘ , P
Acanthurus thom#séni \ - , k | 2 B
~ Acanthurus triostegus . L P

) Acanfhurus xanthopterus‘ o ; ) P P
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Ctenochaetus striatus

FAGATELE BAY
25-IX-78 12~IV-85

SITA BAY .
17-VI-77 10-IV-85

.1476

207

10 280 49. - 321

CtenoéhaetuS"étriQQSus ‘, 6 14
Naso lituratus | 2 "3 1 1
Zebrasoma‘scopas ‘2 18 4 4
Zebrasoma veliferﬁm_ P
Siganus ggggnteué ' P P |
Siganus pynetatus P
nghosarda unicolor P

kﬁBalistapus undulatus' P P f | 2
Melichthys vidua 2 P 1 1
‘Sufflamen bursa P P '
Alute:ﬁs 9criptﬁs P
Amanses\scdggg 4 P P 2
Cantherhines dumerili P P P
Canthérhines pardalis P 1 P
Oxymonacanthus longirostris P 2
Pervagor melanoceéhaius 6
Ostracion heleag;is 1 P 1 1
Canthigaster solandri 1. 5
Total Species 113 107 96 88
On-Transect Species 47 51 55 57
On-Transect Individuals 368 539 582 684
‘Shannon-Wiener Diversity Index 1.1675 .9748 1.3512  1.0677
Evermess ' 6982 .5708 7764 .6080
Simpson's deinanée Index .2857'

.0724 ° .2376



censuses. When the numbers of C. striatus are subtracted from each t§ta1y
however, the 1985 totals afé each 1e$skthaq the earlier totals for the séme
érea. |

The ﬁumber of traﬁsects conducted before andv‘after the Aqanthéster
infestation are relatively féw and the data are Highly vériable so only a few
conclusions cén bg drawn with any degree of confidence. As with the éorals,
it appears that the total number of fish was little'affected by the coral
kill; The total number 6£‘species iﬁ theréépe Larseﬁ cenéuses averaged 99 for
the thrée censuses before the kill and 104 for the two censuses afterlthé
kill. At Fagaﬁele Baf, the total dipped from 113 to 107, but the dec:ease at
Sita Bay~(thé’contrd1) from 96‘tb\88 was even more draétic, so the fagateie‘
decrease cannot éﬁtributed:to the coral kill.' |

A few grbs§ changes in‘species numbers:are:evident from the tables and
~are likely to be rééults"of the Acanthaster population explésiop ~and

subsequent coral devastation. Clearly, ' the numbers of' the dgmselfishes

Pléc;rgg;yphidodon dickii, and probably PleCt:ggizphidodoh johnstonignué, havé
been rédﬁced. Both arekknOWn‘to associate Qith and feed on Acropora corals.
Theré is some indication that a few of the Surgeonfiéh species have increased,
’although the jbaé1s for this vconclusion. is clouded by the dpusually largé'

population: of juvenile Ctenochaetus striétus. An increase in surgeonfish

populations might be ekpected as most species of this family feed on benthic

algae which grows on dead'corﬁl substrate. ' The damselfish Plectréglyphidodon
1écrzgatus seems - also to have increased significantly afte: the{cbrél kill:
"It, too, is known to feed primarily on benthic algae.

Overall, the/iﬁpactfdf‘the exteﬁ;ive éoral kill onthe fish communities

of Tutuila Island appears to be surprisingly small. Species diversity and

;o

numbers of individuals remain high. Although there are no data relative to
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fish biomass, in the subjective opinion of the author, that too is probably

unchanged.  Fishes targeted by Samoan fishermen appear as plentiful andf"as

large as ever.
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