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SUMMARY

Quadrat and transect data from Loggerhead Key, Pulaski
Shoal, and White Shoal were tabulated and analyzed for octocoral
and stony coral abundance, cover, and species density.
Recruitment tiles from these stations were examined and all
scleractinian polyps were enumerated.

A paper by Walter Jaap, Jennifer Wheaton, and Kelly Boomer
Donnelly entitled, "Materials and methods to establish
multipurpose, sustained ecological research stations on coral
reefs at Dry Tortugas,"” was published in the proceedings of the
American Academy of Underwater Sciences, 1990... Diving for
Science Symposium. The paper describes site installation,
photographic methods, and sampling techniques utilized at
monitoring stations in Fort Jefferson National Monument
(Attachment 1).

SAMPLING RESULTS
SYSTEMATIC TAXONOMIC ANALYSIS

Twenty-eight octocoral species and 29 stony coral species
were observed within quadrat and transect stations in 1989 and
1990 (Table 1).

QUADRATS
Loggerhead Key

Plots were dominated by Halimeda-encrusted Acropora
cervicornis rubble, often covered with a fine filamentous algae.
This habitat was extensive, but was not quantified. In both 1989
and 1990, three octocoral species were found in Loggerhead Key
quadrats (Table 2); however, two previously unreported species
(Erythropodium caribaeorum and Eunicea calyculata) found in 1990,
may have been interchanged with Briareum asbestinum and E.




mammosa, respectively, in 1989. Encrusting forms of
Erythropodium and Briareum are difficult to distinguish and are
particularly difficult to identify in situ. Octocoral celonies
increased from 4 to 7 in 1990 due to a greater abundance of
Erythropodium caribaeorum at stations 1 and 3 (Figure 1).

Species of Scleractinia and Milleporina increased by 4 in
1990; one species (Colpophyllia natans) present in 1989 was not
found, while 5 new species were observed (Agaricia agaricites,
Favia fragum, Meandrina meandrites, Porites astreoides, and P.
porites). Numbers of colonies increased due largely to a
proliferation of Millepora alcicornis (Table 2). Only station 4
exhibited no changes over the year (Figure 2).

Pulaski Shoal

Twenty-one species of octocoral were tabulated in quadrats
in both 1989 and 1990, eighteen species were common to both
years. The number of individual colonies increased by 106
(Table 3). A dramatic increase of Psuedopterogorgia acerosa
occurred at stations 4 and 5, and Eunicea tourneforti recruited
in all plots (Figure 3). Juveniles of E. tourneforti are often
indistinguishable from juveniles of other Eunicea species. Some
of the individuals identified in 1989 as FEunicea spp. were
probably juvenile E. tourneforti. Plexaura flexuosa,
Pseudopterogorgia acerosa, and P. americana were the most
abundant species at Pulaski Shoal both years.

Ten scleractinian and milleporid species were detected in
1990, an increase of one from 1989 (Table 3). One previously
unreported species (Porites astreoides) was located. It is also
possible that Colpophyllia natans was identified as Diploria sp.
in 1989, Number of colonies increased by eight; six additional
Millepora alcicornis represented the most impressive change
(Table 3, Figure 4). Abundance of the zoanthid Palythoa caribbea
increased at all stations.

White Shoal

Octocoral colonies increased by five and the species number
remained constant between 1989 and 1990 (Table 4). Erythropodium
caribaeorum reported in 1989 and Briareum asbestinum reported in
1990 may have been interchanged. An increase in B. asbestinum at
stations 3, 4, and 5 accounted for the majority of change in
octocoral abundance {(Figure 5).

The number of stony coral species remained the same from
1989 to 1990. Individual colonies decreased due to apparent
decreases in Acropora cervicornis and Millepora alcicornis at
four stations (Table 4, Figure 6). The branching growth habit of
these species, particularly A. cervicornis, makes distinguishing
separate colonies difficult. A small A. cervicornis thicket
dominated the plot at station 5 and was counted as a single
colony. Meandrina meandrites was the only new species in 1990,
while Colpophyllia natans observed in 1989 was not found.




TRANSECTS

Loggerhead Key

Coral (stony coral, octocoral and hydrocoral) cover along a
23 m transect sampled three times ranged from 70.2 to 78.0 cm;
total biotic cover was 206.7 to 256.1 cm (Tables 5, 6, and 7).
One octocoral and five stony coral species were tallied.
Briareum asbestinum, Acropora cervicornis, and Diploria
labyrinthiformes were the most abundant coral species. Dictyota
sp. and Halimeda sp. also provided substantial coverage. Only 8
of the 23 meters sampled had measurable coral cover (Figure 7).
Biotic substrate coverage was greatest at meters 8 and 16, while
meters 15 and 21 were completely void of biota (Figure 8).
Carbonate substrate (i.e., coral rubble, rock, and sand)
accounted for 2502.5 to 2722.2 cm.

In 1989, the same length transect yielded 28.6 cm coral
cover and 2169.7 cm biotic cover (Table 8). All of the species
encountered in 1989 were reported in the 1990 transects. The
Halimeda-encrusted rubble was counted as living algae in 1989;
therefore, biotic cover was much greater. In 1990, most of this
habitat was classified as DCA (dead coral and algae). It was
difficult to distinguish the extent of living or dead tissue
within the algal mats.

Pulaski Shoal

The 22 m long transect, sampled three times in 1990, .
exhibited a wide range in both coral (46.8 - 115.7 cm) and total SR
biotic cover (486.2 - 609.7 cm) (Tables 9, 10, and 11). Lo
Montastraea annularis, Pseudopterogorgia americana, and Briareum
asbestinum; dominated coral coverage; however, Palythoa caribbea
and Dictyota sp. were the most abundant organisms along the

transect in all three samplings. Coral cover ranged from 0 to
39.0 cm and biotic cover varied from 0 to 93.6 cm within
individual meters (Figures 9 and 10). Carbonate substrate at

this site ranged from 2038.4 to 2312.7 cm.

A 20 m long transect sampled in 1989 contained 146.9 cm

coral cover and 608.4 cm biotic cover (Table 12). Of the species
identified in 1989, Meandrina meandrites and Montastraea
cavernosa were not found in the transect examined in 1990. Blue-

green algae was considered as a distinct category only in 1989.

White Shoal

The 22 m long transect had 523.9 - 689.0 cm coral and
681.2 - 748.8 cm biotic cover (Tables 13, 14, and 15). Combined
Millepora alcicornis, Briareum asbestinum, and Acropora
cervicornis yielded 310.7 to 526.5 cm of the living cover along
the multi-~sampled transect. Coral coverage within individual
meters ranged from 0 to >135.0 c¢m (Figure 11). The most living
cover occurred within meters 3 and 4, whereas, biota was absent
from meter 10 (Figure 12). Dictyota sp. and various sponges

[



accounted for the non-coral biota. Carbonate substrate covered
1829.1 to 2179.9 cm.

In 1989, the transect at White Shoal yielded a total of
245,.7 cm coral cover and 534.3 cm biotic cover (Table 16).
Diploria strigosa was the only species found in 1989 but not in
1990. Fine filamentous algae was included as a separate category
only in 1989.

RECRUITMENT

Two recruitment tiles from each reef, deployed in 1989, were
collected, bleached, air-dried, and examined for scleractinian
corals. Eleven recruits (11) were found at White Shoal, whereas,
Pulaski Shoal and Texas Rock each yielded two polyps (see table
below).

Reef # Coral Recruits

*Bird Key Reef 6 Ny
Loggerhead Key » 7 &?
Pulaski Shoal 2

*Texas Rock 2
White Shoal 11

i - i ————— T ————— ——— ] — o U - —_—_ T — ] _—— ] — — o o - ——— - - — - S e

*Previously reported

Twenty-two (79%) of the 28 new recruits counted were observed
on the unglazed, ridged surface of the ceramic tiles. No
determination of the angle of orientation of individual plates
was made at the time of collection.

CLASSIFICATION ANALYSIS

A community analysis program {Bloom, 1990) was used to
compute faunal similarity among quadrats at each reef between
1989 and 1990. Czekanowski’s (Bray-Curtis) gqguantitative
coefficient (Bloom, 1981) was utilized to generate similarity
coefficients. Coefficients range from 0 (no similarity) to 1
(total similarity). Classification based on species abundance
and group average sorting was utilized to develop linkage for
dendrogram clustering (Figures 13 - 17).

The similarity coefficients of the five quadrat pairs at
Bird Key Reef ranged from .73 to .85 (Table 17). This suggests
the communities within individual quadrats changed 15 to 27
percent from 1989 to 1990. The greatest difference among
quadrats was at Loggerhead Key (Table 18), reflected in a
similarity coefficient range of 0 to 1. Cnidarians occurred in
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different trend. There, octocoral and stony coral species
numbers remained constant; numbers of stony coral colonies
decreased by 16; and numbers of octocoral colonies increased by
five. Millepora alcicornis, an easily fragmented branching or
encrusting species, is responsible for the majority of this loss.
Portions of our stations at White Shoal are characterized by
unconsolidated substrate which can be redistributed by wave and
storm surge. Millepora alcicornis—encrusted rubble was probably
transported out of our sampled quadrats.

Only three octocoral species were encountered during three
replicate chain transects at Pulaski Shoal, whereas, White Shoal
transects yielded 6 octocoral species. White Shoal actually has
a lower octocoral diversity than Pulaski Shoal that is not

documented by chain transect data. Chain transect data indicates_”"

that Pulaski Shoal is dominated by Scleractinia (8 species
found); in fact, this site is characterized by a highly diverse
octocoral population mixed with a less diverse stony coral
community. Both examples show that quadrat data in addition to
chain transect data are needed to form an accurate account of the
community.

Concerns exist regarding the continuity of the fish program
at Fort Jefferson. Research is now sponsored by this NPS-FMRI
cooperative agreement. Adequate funding is needed to establish a
meaningful commitment to enhancing our knowledge of reef fish
porulation structure, standing stock estimates, life history
ratterns, and population dynamics. Essential items needed to
maintain the program include travel and per diem for two l1l4-day
visits to Fort Jefferson each year for two qualified researchers,
use of a vessel able to accommodate divers, dive gear, and field
materials. Each researcher’s parent organization will provide
additional support including salaries, secretarial services,
copying, and computer time.

WORK IN PROGRESS

All photographs of each station will be digitized to
quantify coverage of coral species. This technique will be
important to distinguish sizes of individual colonies and compare
actual area of coverage at each sampling site. Species whose
cover and/or abundance are difficult to quantify in the field
(i.e., Acropora cervicornis, Millepora alcicornis, assorted
octocorals, and Halimeda-encrusted rubble) will be accurately
measured and enumerated. A clearer picture of true coral
coverage and species abundance will be obtained.

Organisms other than coral which are settling onto the
recruitment plates will be identified to lowest possible taxon
and quantified using a random point method.
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Octocoral and Stony Coral Species Observed in
Transects in 1989 and 1980

Octocorallia

BAriareum asbestinum
Erythropodium car' baeorum

Funicea caliyculat
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Plexaura homomalla
Tl »11a dichotoma
Plexaurella fusifera
Plexaurclla grisea
Pseudoplexaura crucis
Preudoplexaura flageliosa
Pseudoplexaura perosa
Peeudoptercgorgia acerosa
Pseudopterogorgia americana
rzeydopterogorgia bipinnata
' rogorgia sp.
ia anceps
ia citrina

Acropora cervicornis
Agaricia agaricites
Colpophyllia natans
Dichocoenia stokesii
Diploria labyrinthiformes
Dipleria strigosa
Diploria =p.
FTusmiliia fastigiata
Favia Iragum
Madracis decac 5
Madraclis mirabilis
Mad vharensis
Mani areclata
Meand meandrite
Millepora alcicornis

Quadrats and
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LOGGERHEAD KEY REEF QUADRATS

Octocoral species and colonies

Abundance
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LOGGERHEAD KEY REEF QUADRATS

Abundance

Figure 2

Stony coral species & colonies
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Table 3
Pulaski Shoal - 1989 and 1990 Quadrat census data

Abundance of hydrocorals, octocorals, and stony corals

1989 1890
Quadrat Number Quadrat Number
1 2 3 4 5 Total 1 2 3 4 5 Total

OCTOCORALLIA !

t

H
Brythropodium caribaeorua | 1 ! 3 1 {
Bunicea calyculata 3 1 5 1 b 16 ' 1 3 1 1 7 13
Bunicea fusca 1 3 1] 4 14 ! 1 4 1 2 7
Bunicea laciniata 1 1 2 3 3 10 ' 1 2 1 5 9
Bunicea laxispica ' 2 2
Bunicea mammosa 1 1 ' 1
Bunicea tourneforti ! 3 2 11 2 § 27
Funicea ap. ' 1
Gorgonia ventalina 1 2 1 1 5 H 1 2 2 3 !
Huricea atlantica 2 4 4 10 X 1 5 5 8 19
Nuricea elongata 3 3 6 ! 3 4
Huricea laxa 2 2 1
Plexsura flexuosa 20 1 8 8 15 58 ! 10 10 15 5 1} 64
Plexaura homomalla 2 2 ' 1 2 1 8
Plexaurella dichotona 1 1 !
Plexaurella fusifera 1 1 ! 1 1 2
Plexaurella grisea l 2 3 ! 3 3
Pseudoplexaura crucis 1 1 ' ! 1
Pseudoplexaura flagellosa i 1 ' 1 3 2 b
Pseudoplexaura porosa 2 1 3 ' 6 5 4 15
Pseudopterogorgia acerosa 1 3 16 7 27 ! 2 2 5 35 15 59
Pseudopterogorgia americana 11 ] 10 16 9 52 ' 18 7 8 8 4 45
Pterogorgia anceps 1 1 !
Pterogorgia citrina 1 4 5 ! 1 7 8 16

I

i
SCLERACTINIA & MILLEPORINA '

i

i
Acropora cervicornis 3 3 | | 1
Agaricia agaricites 1 2 3 : 1 {
Colpophyllia natans ! 1 l
Dichocoenia stokesii 1 1 1 3 X 1 1 1 1 ! 5
Diploria sp. I !
¥illepora alcicornis 4 4 ] 14 ! 2 | 1] 3 8 20
Montastraea annularis { ! 5 1 6
Montastraea cavernosa 2 2 i 3 2
Porites astreoides ! 1 i 2
Porites porites 2 ! 1 1
Siderastrea siderea 4 3 3 2 1 13 | ! 4 3 1 15

{

'
ZOANTHIDEA H

i

!
Palythoa caribbea 2 1 3 H 7 8 2 2 3 22

P e e Tt et Rt T T e b e e e e e e e e LT T S LT P P L T ]




Table 3, continued

Ho. of octocoral species 8 7 11 13 13 21
Octocoral abundance 3¢ 19 39 62 61 220
Octocoral species density 313 2.1 L300 5.08 5,08
Octocoral colony density 15.23 T.42 15,23 24,22 23.83

No. of stony coral species 2 5 5 4 3 9
Stony coral abundance 5 12 11 10 8 46
Stony coral species density 0,78  1.95  1.95  L.86 1,17
Stony coral colony density  1.95  4.69 4,30  3.91  3.13

No. of zoanthid species 0 1 0 1 0 1
Zoanthid abundance 0 2 i} 1 0 3
Zoanthid species density 6.00 0,39 0,00 0.39
Zoanthid colony dersity 0,00 0.78  0.00 0,39

Total number of species 10 13 16 18 16 31
Total abundance 44 33 50 73 69 268
Species density 3,91 5.08  6.25 7,03 6,25

Colony density 17,18 12.8% 19,53 28.52 26.95



Figure 3

PULASKI SHOAL QUADRATS

Octocoral species and colonies
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Figure 4

PULASKI SHOAL QUADRATS

Stony coral species & colonies
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Table 4
White Shoal - 1989 and 1990 Quadrat census dafa

Abundance of hydrocorals, octocorals, and stony corals

Species density 0,78  1.95 313 430 1,95
Colony density 10,55 8.98 11,72  5.86  4.30

LIT 4.3 2,13 430 195
§.38 .42 820 5.86  6.2b

1989 1990
Quadrat Number Quadrat Number
! 2 3 i 5 Total { 2 3 4 5 Total
0CTOCORALLIA i
i
H
Briareum asbestinua : 2 2 4 8
Brythropodium caribaeorun 1 1 2 :
Gorgonia ventalina 1 1 ' 1 1 2
Plexaura flexuosa 3 4 1 8 | 3 2 i ]
Plexaura homomalla 2 2 b | 1 2 1 /A b
Pseudoplexaura flagellosa 1 1 ! 1 1
Psuedoptergorgia americana 1 1 2 ! 1 1 2
H
i
SCLERACTINIA & MILLEPORINA !
¢
i
Acropora cervicornis 3 1 4 : {
Agaricia agaricites 1 1 2 H 1 1 2
Colpophyllia natans l 2 :
Busmilia fastigiata 1 1 ! 1 1
Weandrina meandrites ! 1 1
Killepora alcicornis 25 15 17 3 6 66 ! 22 10 10 3 8 53
Porites astreoides 1 1 ! 1 |
Porites porites 2 2 2 2 8 : 2 3 1 2 8
Siderastrea siderea 1 | A ' 2 i 3
No. of octocoral species 1 2 3 5 ! 2 § b 1
Octocoral abundance 2 5 g b { 20 : 2 5 6 4 25
Octocoral species density 0,39 0.78  L.A7 1.5 0,39 o018 1.56 0.39
Octocoral colony density 0,78 1.9F 2.3 2.3 0.38 0,78 2.4 . 1.56
H]
i
No. of stony coral species 1 3 5 6 4 8 H 1 4 k| § { 8
Stony coral abundance 25 18 1} 9 10 86 ! 22 14 15 1 12 70
Stony coral species density 0.39  1.17 1.95  2.34  1.56 V0.3 156 11T L85 1.56
Stony coral colony dengity  9.77  7.03  9.38  §.52 3.4t o858 547 586 2,73 4.69
f
t
Total number of species 2 5 8 I3 5 14 ! 3 6 ! 11 5 14
Total abundance 27 23 30 15 11 106 ! 24 19 2l 15 16 45
i
!
{



Figure 5

WHITE SHOAL QUADRATS
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Figure 6

WHITE SHOAL QUADRATS
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Figure 7

Loggerhead Key Transect 1990
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Figure 8

Loggerhead Key Transect 1990

Biotic cover per linear meter
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Figure 9

Pulaski Shoal Transect 1990
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Figure 11

White Shoal Transect 1990

Coral cover per linear meter
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Figure 12

White Shoal Transect 1990

Biotic cover per linear meter
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Figure 13

Bird Key Reaf Quadrats, 1989, 1990

BKQII89

]

BKQOU=2O0

1
W

BKQU&89 -4

[
[y

BKQUS20

BKQUS89 -2

BKQUS O -2

BKQU=89

]
'-I

BKOQUS89 -5

BKQU20 -1

BKQUS9O -5

1.00 0.75 0.50 0.25
Level of Similarxrity




Figure 14

Loggerhead Key Quadrats, 1989, 1990
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Figure 15

Pulaskl sShoal Cuadrats, 1989, 1990
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Figure 16

Texas
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Figure 17

Wwhite Shoal Quadrats, 1989, 1990

wWSQuUssS

i

WS QIUJ9 O -4
WSQUSS9 -1
WS8SQUS O -1

'
W

WSQUsS9

WSQUsBs® -2

WSQUS 0 -2
-
WSEQUD O -3
wsSQUsas -5
WwWSQUSO0-5
l 1 i 1 i ‘ 1, L. L 1 l A | I | i ]
1.00 0.75 .50 .25

Level of Similarxrity




e
W
1

©
ol

ST

kY

dization

andar

T4
v S

nowsli

PR
Czek

or

]

portion

i

Pro

i

Inde

Ugg-2

i

-
IS

vgo-2

BKQ

“
%

BEQU89-1

o
o
(e
Ve

<

o

BEQU89-:

Q..
~

BRQUSES

[
D

[t

0.24483

-

0.3823

.3888¢

[

[}
-

(o)

=) Q0 ¢ O
I~ 5N~ O
= 00 N D W
) GO 00 oD -
TN - M
OOOOoo
CO U vt Y U~
[aplNe sl IRy U ap]
N =t o=H 0 O
LY OO et £ <K
[TORR AN oo BN Gl
OO OO
<O 00O R0
[aN B NGB S  a]
sH OO =M
Ty =t 10 —# @
L CO M =P D)
ADODOOBO
Dol
[EoviR S BRI R S
L o T~ i O
LW oo O
[ SN PSRN U I TR I S
OO
=4

[

S ]

Gy N :
LD D
OO
Vh bt b R g
MY o2 Ay M) ]

0
o

BRQUIO-~

190-1

BRQ!

Queo-:3

1
i

B

o
¢
it
i
Lo

[Ep]
(@]
j&>]
e
<=f

[ Rl
“ el
€ 4
[N RGN ab R 4]
[ACE PO IS !
OO e

@3]
[49]
Sl
[a]
[

(-

(K}
0
<
[E9]

o]

U90-5

a

BE



hd OO QO o <ol

i DO OO Om 1 [as N <p]
o} DO WL Cm o W
o8} 1 O O < L il
- ¢l o mH O v ) ¢
¥ e s e e cr . .
o OO QO O faw (e T o]
] bed
o) [l I IR S I I A IR s ¢l Tol el
[ 1 OO oOD ! = OO
™ o OO CIOO < [te T
o [e5] OO e ) b SN o
v e} [ W I o WG I N BT o i} 1D e oY
cr . e e s e e I . ..
- L OO OO o SRR
o) -] e
[¢3] W
o [
L I e
o -
IRZ -
) 42 C <o i U~ 22O
o R jal i W { eI O O
— b - [} W < [ S S o
4 o o W ) Cr oD I
o jEu R L ] [ o] ) 10 B M0
l&t [ N -4 L A T T S N o b 2 e
oo Zo oo oao (o OO O
o [ Q — d
Ees . ° =
e w3
) it
[ ]
o4 N
NI & L GOOOOOOOD [Te) <HOED e 0D <yt [
st i 2O OO OCOOO i W A Oy Y 1 [e3]
o B (@] OO OOOOLD [ [ap IR TOIR O T e I 201 <O o
A W00 e8] OO OQOOOOO OO e8] e I S I T BN | o)) [te]
e w o o DO OOOODOOD s eIV S ) i
o] nuﬂulQ.......,.Q...,.Q,
gl G wn o DOOOCOO OO o OO OO o <
o e ] [ e .|
¢! oo
1 u i
4
300 e
Qe O
e
+ T 0
[ B
B oo g
3 T O o=t WD e 0 00 = 10 L IR BRSO NS Ll Rl Lo
O fn LI S S S T S B B [ S T T N 1
Ga 13 [sr el i ol W I - IR o IR e I D DD OO <
Lo R B DWW OITMD T OMDM OO D o
oo [T R B BT B Jas ) Fb RN TR W -
g ST Fao CECAGCHS G 4
o4t juniienilaniiuniioniiculie ol eriin oo o e
) b ped ped bed e ed e ] e e wed ed pd el ] -




o}
[r]

y

Q
]

4
1

198

i

Quadrats,

P
s

Matr

ity

T

Index

b=

y

ki

1

eHANOWS

Cz

o1

s
L

5

onadi

oporti

[oY
4

PSRU8S~

psQUsg-~-2

0]
b
(&)
1

1

1;
—r/:x
103

3

10

)
&
-

i~

<O

>
1._
oyt
<

-

291

PsSQU

IR L]
oo
[apiNap
[api T
[l V]
<O
—)1 A..”L
Gof s
[SRER O
[
LA
oo
o
[ShIR ]
[apaRe sl
GO
0o
D
[
O
oot
iy
| ERc b
[SRI )
L e
L
oy O
[calpen]
-]
& o
[SO R Op]
[Ty

€2 Cd
W
1o -y
o oefl
R o]
(eI ]
(SN Vel
4 L0
Q0
W uwn
O o
it
[AR IR |
[N S
o LD
(R s o
< O
[}
L~ =n
¢ An
R B
(U o]
O
[ B
LI
(i)
<y O
"l o
@@
[EARN

un O
[S I
oW
[SN IR E)
SN VO]
< O
o=
<o
< o=p
oo
.}.,T .14;
<O
QU
(a2 o
Lo &l
[l
lar TR A
o O
- CO
Y O
- [~
<y QO
[aN I ap]
OO
RS (]
Pl
> O
D
Ky
e
oW
Ly
R

<>

02

<

=i

()

4

3

TToONn L

>
&
€
£

~
b

¢

0.6228

£

.56488

0

0.67133

o

i
[ue)
ay

N
'

o
N

Lo
wy

o

it

[
G
Lo
oyl

o

<

I~
]
-
o
o

[40]
&
jeu}

<t

L]
i
<
i

"]

Ly B By

o
e
o
-

[i]

5

SEUS0-

p




o
(a8}

1990

19893,

drats,

ia

Q1

]
11

1~

oo

Matrix

<
o

arit

imil

5

None

Transformation

2
Y

TROTTCO
LD O

]

TREUES~

DUy OGO O e

LD oY e e

[N PR IS UR I« A I o

w4 DG et GO LD
=D G e el

L QO O OD

Cd ¢l O Y =0 OO
YOO DUl
WO W 00
Oy OO e OO - =

(SRR o BRI T I SR
YD OO KO

CY ) O OO U
e 3 B~ OO Q0 U~ =4 O
Yo Y LD U OO e
e eed L O WA e N
=D OO D U w0 e
CO OO OO
O owp 0 e O D U ) LD
[Tl AT s I N R oo B o BV il
Cl v O O 0O 01 OO = QD
Wl o0 o) B = e O O
WLy O GO L QY <
OO OOOOOC
Rt ALV AT o I P

[ S T R

T OO OOl

& (6> B e} BROI I &3 B @]

DL D L Do D
COoOFoTTTTO
A ae i t vl e vt

B b b B B

A
[N

[ap)
Lo

TRQU90-1
TRQUO

<O
w
<
L
i

<

e
[
Q
~./i
[agt

™

<

<

(o}

(@]

-

o

0.4864

(<]
[
[a#]

2500
0.7088¢6

0.4

RRUSG~-4

T
~
1

(8853
[ES1

Ch
1573

<

0.50000

=
-

n
1/

RGQUS

TREUIO-4

el
(]
(o]
o

TRRUIO-5




i

[}

(3]
ot

0

S

%

Matri

it

ity

ar

il

H

I

<4
[N

1

Non
WSQUeg-~-1

Do

o O O

W = O

Lo B TR R I

LS Vv I S ]
=HOCT P D

OO DO
DD oMo
LD 00 W O ey
WY - O O A~
W oD O iy N
) omE O @ WO
OO QOO

O CO O Y O Q4
e DU 031 QO
D O O v
[Eo R Sl N oI v e o)
P it wf ) 0D WO
OO OOa
O W
= et U~ OY D O
W OO WY v el QO
Ty O v O C WD
W3 O3 oY CND =M
OO OOO
EE N Ve R B o B o]
[ R
YO O o O
D00 SO Oy ¢ O
DD D
YOOI
G W W
L S - S

e e L

o
C,U

20

ot

[ee]

<>

-
i
Ll
=
(SN

“

<
i
e
[ap
cd

o

o
a
(e

(Yo
o
[e 5]

-

<

[ |
O
L
uwd

[

o
)

-
[ap]

YSQUY0-2

¥

1,

-2
L

wWSQU3

5

WSQUS9-
0.34286

(&)
=
-~

L]

oy
o

(o8]
W

<

0.48889

WsQU3S0-3

<«
[1n]
us
[Ie
(U]

>

-
et
vt
-t

vl
o
W
i)
(&)

0.38462
0.74074

(@3
o

| Tp)
4o
0
it
(<o)

ey

I~

D

SQUID~-

)




