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ABSTRACT

Fish fauna inventories (497 spp. in total) from
coral reefs (276 spp.), soft bottoms (287 spp.)
and mangrove (75 spp.) of Saint-Vincent Bay (New
Caledonia) are compared. Bach of these habitats
presents a distinet fish assemblage, coral reefs
being characterized by grazers and omnivores, soft
bottoms by small carnivores and mangroves by de-
tritus feeders and piscivores. The overlap was
most important between coral reefs and soft bot-
toms (101 spp. in common), Chaetodontidae, Poma-
centridae, Lethrinidae and Lutjanidae being the
main common families. Overlap between soft bottoms
and mangrove was of 36 species, essentially Leio-
gnathidae, Lutjanidae and Sphyraenidae. There was
almost no overlap between coral reefs and mangrove
(13 species, 9 being ubiquitous). These resulbs
and a literature survey indicate that in the Indo~
Pacific there are few interactions between coastal
fish communities which may be essentially self
sufficient. Diel feeding migrations and juvenile
migrations- would be the main active energy flous,
nevertheless, the fluxes seem to be limited.

INTRODUCTION

In the south-west Pacific, coral reefs are often
associated with other formations, such as soft
bottoms and mangroves. The interactions of these
habitats on fish populations are so far little
known in the region. Prelimininary data show that
findings from the Caribbean do not apply in this
context (Birkeland & Amestury, 1987). The present
study indicates the inferences that can be made
from fish inventories along a coral reef - soft
boltoms - mangrove sequence in the south west la-
goon of New Caledonia.

MATERTAL, AND METHODS

The study area is located at Suint-Vincent Bay,
south-west New Caledonia (22°S - 166°E). This bay,
sheltered from trade winds by islands, receives
important terrigenous inputs from Ouenghi and La
Tontouta rivers (figure 1). Corzl reefs are mainly
developed at the mouth of the bay and on the inner
islands. Mangroves cover most of the eastern sho-
res. The major part of the bay is covered by hea-
vily silted bottoms, with few coral reef patches.

The coral reef fish survey was conducted by visual
census. A quantitative survey was done by 100 m
visual transects. On each side of the line, a di-
ver would record all species over 10 cm and all
numerous smaller species. Large scarce species not
recorded during transects were looked for during
random swimming over the reefs. Small and cryptic
species were normally not recorded. Ten stations,
two visual transects on each, were thus surveyed
over a three month period, in 1986 (figure 1).
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Figure 1. Study area and sampling stations.

Several methods were used to survey the soft bot-
tom fish fauna, from 1985 to 1986 (figure 1). Ten
stations (two visual transects on each) were un-
dertaken with the method described previously. One
hundred trawlings were performed using a 14 m hea-~
drope prawn trawl. (2 cm mesh codend and 1.2 m ver-
tical opening). In addition, qualitative data is
available from a baitfish survey conducted by
ORSTOM (Conand, 1987) and from a commercial bait
fishery trial {(Hallier & Kulbicki, 1985).

A mangrove was sampled in April - May 1987 (figure
1). Gill nets of 2, 4 and 6 cm mesh were laid =zt
the edge of the mangrove {(net length: 200 m, net
height: 1.5 m). Nets were set at the end of inco-
ming tide and withdrawn at the end of low tide (18
sets performed). A fyke net, set perpendicular to
the mangrove (1 cm mesh at the end trap), was laid
for two collections. A rotenone poisoning was also
performed in a mangrove chamnel, gill nets enclo-
sing the poisoned area (2 cm mesh).

Fish were zatiributed to trophic groups: piscivo-
res, high carnivores (feeding on large invertebra-
tes), wmall carnivores (feeding on small inverte-
brates), zooplanktivores, grazers, omnivores, de-
tritus feeders and herbivores.
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Fish present in over 75% or more of the samplings
are referred as "abundant®, in 40 to 74% of the

sauplings as "common® and in less than 407 of the
samplings as Vpresent". If no more than two speci-
men were present, the species is listed as “rare".

In order to compare the fish communities, the
Kuleczinski's similarity index was used.

RESULTS
Fish communities

A total of 497 species belonging to 74 families
were recorded during our surveys.

The visual survey of inshore reefs near Hugon -
igland revealed the presence of 276 species dis-
tributed among 38 families. 33,765 individuals of
202 species were recorded during the visual trans-
ects. The relative abundance analysis indicates
that most of the species, were poorly represented,
81.2% of them being Mrare" or "present”:(table 1).
None were "abundant! and only 38 species could be
considered as- "common"‘ Using the mean sizes re-
corded for each species, the total weight was_ es-
timited at 664 kg and the-biomass at 330 xg/ha.’
Pomacentridae (40 spp.) are a major component of
this community, the first five species in ebundan~
ce ‘being dameelflshes.MChromls caerulae, composed
51% of total abundancey The importance of ‘Pomacen~
tridae is less. pronounced’ initerms of biomass {203
of ' total welght). The gix major species. of the 1n-
ventory contribute {0 less than 39Z of total =
welght. The .trophic structure (table 2} is. charac-

terized by the abundance of zooplanktivores (62 % .

of ithe fishes censused), miinly Pomacentridae. .
High carnivores (Lethrinidae, Lutjanidae) und" gras

zers (Scaridae), 287 of total weight each, are theh

two other major trophic groups. The trophlc struc—
ture is consistent with those generally descrlbed
in indo-pacific reefs.

Table 1. Species distribution and their relative:
abundance among the three habitats.

Coral. reafa

Soft bottoms
Mangrovs
transect: cansus [{rewlss tr ctitait fish
Femilies ¥ % | H: 3 6 3
Species 2R 22 AU T R 2 5
~ghmdant | O -1 1: 1 s - 2
~ common 3B - 2 3 1 - 7
Species - presant 110 - {167+ 4B 1 - 37
- rare S - | & 2 - 3
- famlies B 4 3B
Total ~ gpecles % 287 5

The fish fauna inventory of soft bottoms comprises
287 species distributed among 62 families (table
1). Unfortunately, baitfish results could not be
used quantitatively. Moreover, species swimming
near the surface of the water have not been sam—
pled by either methods (i.e. mullets, garfishes).
Visual transects gave the following results:

32 species, 3,760 individuals for an estimated
biomass of 54.5 kg/ha (total weight: 109 kg). The
biomass estimated by trawling was 19 kg/ha (abun—
dance: 178,900; weight: 2,460kg). Less than 5% of

the fish were "abundant" or “"common". "Abundant®
species are Canthigaster margarits (visual trans-~
ect), -and Orthorombus intermedius (prawn trawl).
"Pregent" species represent more than 587 of the
total species, and "rare" species compose 24.5% to
36.6% of the samplings (tsble 1). The community
structure was analysed using trawl data. Leiogna~
thidae is the dominant family, 8 species represen-
ting 81.6% of the abundance and 41.5% of the bio-
mass. A characteristic of New Caledonia demersal
coastal fish fauna is the absence of Ariidae and
Sciaenidae and the low number of Nemipteridae. Ta-

" Ple 2 indicates that small carnivores are the main,

trophic group, essentially - ‘because of Lelognathl—

; dae. Most zooplanktivores are small pelagic spe-.
- cies which were underestimated by.trawling. Visual

transects indicate that Pomacentridae are also anium,

i 1mportant part of the soft bottoms fish fauna
. (32.6%.in abundance). Lethrinidae, with 34.2% of

visual transect biomasgs, can also be. consldered as
a major component of the community. \

o o -

' Table 2. Trophlc comp031t10n accordlng to the ha— '

PR

. bitatsSp=species,- ho—Number, W%*welgnt (in kg)

- i Coralreefs; |- Soft bottoas " Nangroves
i@ty oy K B .
sp. s Ho. s Wb, [ospe ¢ Mooz Wb | spos Noo s RE.
Piscivores 2.0 M S7 v 301 :308.8) 22 : 72: 4.5 -
High Carnivores | 47 .: 1B13:189.9} 38 : 8365 : 532.0) 11 : 334 : '96.9]
Snall Caraivores | 90 ¢ 3274 1772.4] 114 3163779:1584.9] 22+ R : 239
lonplankhvores 25 320103 § 109,3] 44 : 1299 ¢ §9.5) 7 ¢ 1075 ¢ TLE] ¢
Onnivores 93 133 17 19 L3 ot
Srazers 32 ¢ 3311 5:082.8) 0.9 s 193627 B0) ool 1o |
.| Detritus Feeders 1 s M 01 2@ 97T: Odf 9 ¢ d81: 45.2
| Herbivores 16 : 698: 42,7] 6 : B4: 57| 4 ¢ 43: 8.8

© estimate biomass. Like in the two other habitats, . .

bt

Our survey of & sheltered mangrove indicates. the .
presence of 75 species and 38 families (table: 1. ..
5,265 fishes were collected for a.total weight of. .

288 kg. The sampling methods did not allow us to

few species were frequently;collected (table 1). .
Leiognathus equulus and Powadasys argenteus could
be considered as "abundanti' and seven species as
Yeommon". More than 89% of the specles were col-
lected in less than 407 of the samplings, 29 of
them being "rare"., The most important species was
Rhabdamia gracilis with 39% of abundance. Nemata-—
Josa come had the largest weight contribution (237
of total weight). Trophic structure analysis (ta-
ble 2) shows the importance of small carnivores
(Apogonidae, Lelognathldae) These numerous small
species (22 species for 61.5% of abundance) have a
small contribution to the total biomass (8.3%).
High carnivores (Haemulidae, Lutjanidae) and zoo-
planktivores (Clupeidae, Engraulidae) make toge-
ther 58.5% of total biomass. Piscivores, represen-
ted by few large individuals of numerous specles,
and detritus feeders characterize this community.

Fish fauna comparisons

Interactions are greater between coral reefs and
soft bottoms than between coral reefs and mangro~
ve, species overlap being intermediate between
soft bLottoms and mangrove (figure 2). Each habitat
has a large specific component: 70% of the 497
species recorded in the bay are restricted to one
biotope. The most important mangrove fish species
(Rhabdamia gracilis, Nematalosa come) were not
found elsewhere. Similarly, both soft botiows
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"gbundant" species (Qrthorombus intermedius, Can-
thigaster margarita) and three important species
(Leiognathus sp., L. bindus and Upeneus mollucen-

Only 13 species are common to both habitats, nine
of them being ubiquitous (appendix 1). Neopomacen-—
trus taeniurus, Epinephelus caeruleopunctatus, I.

sis) were collected uniquely on soft bottoms. Reef
associated species such as Scaridae (18 spp.) and
Labridae (35 spp.) characterize coral reefs data.

287 spegies

CORAL REEFS SOFT BOTTOMS

T5 spectes

Figure 2. Species overlap between coral reefs,
soft boltoms and mangrove fish fauna inventories.

Coral reefs - Soft bottoums

Coral reefs and soft bottoms show the greatest af-
finity. Kulezinskits similarity index is high
(1,=36), 101 species being common to both habi-
tats. Only two families recorded on coral reefs
were not sampled on soft bottoms: Kyphosidae and
Aulostomidae. Chaetodontidee (11 spp.) and Poma-
centridae (9 spp.) show great overlap (appendix
1). All Chaetodontidae, recorded over soft bottoms
inhabit coral reefs. Species common to both habi-
tats constitute 50% of the biomass and 737 of the
abundance recorded by visual transect on the reef,
for only 27.7% of the biomass and 9% of the abun-
dance of the trawlings. Most of these species are
high carnivores, small carnivores or piscivores.
Primary consumers, mainly grazers, are poorly re-
presented. The species common to both habitats are
usually more abundant on soft bottoms than on co-
ral reef, except for reef associated species.

Soft bottoms - Mangrove

Soft bottows and mangrove also present a high de-
gree of similarity with 36 common species (I,=30).
About 487 of the species collected in the mangrove
(47.7% of the biomass) were caught by trawling.
Important overlapping families are Leiognathidae,
Lutjanidae and Sphyraenidae (appendix 1). Small
carnivores, followed by piscivores, are ihe main
overlapping trophic groups, primary consumers
being represented by only two species (Siganus ca-
naliculatus and Valamugil seheli). Four species
have a higher relative abundance in the mangrove
than over soft bottoms: Pomadasys argenteus, Leio-
gnathus equulus, Lubtjanus argentimaculatus and
Sphyraena barracuda.

Coral reefs - Mangrove

Coral reefs and mangrove present the lowest affi-
nity. Kulczinski's index value is low (IK=1O).

howlandi and Siganus lineatus are the overlapping
species absent from soft bottoms. A1l ubiquitous
species have a carnivorous diet. Gerres ovatus
feed mainly on small invertebrates. Arothron his-
pidus, Dasyatis luhlii, Lethrinus nemetacanthus,
Lutjanus argentimaculatus, L. fulvus and L. rus-
gelli are high carnivores. Top predators are Sphy-
raena obtusata and Saurida nebulosus. These spe-
cies are supposed to be widely distributed across
Saint~Vincent Bay. Their relative abundance is
greater on soft bottoms, except for Lutjanus ar-
gentimaculatus and L. russelli more abundant in
the mangrove than elsewhere (appendix 1).

DISCUSSICN

The interpretation of our data is impeded by seve-
ral methodological problems. In particuler, it was
not possible to use the same sampling methods in
all three environments and the sampling effort, in
terms of hours, was higher for soft bottoms than
for the two other substrates. Another problem ri-
ses from the temporal variability of these fish
communities. BExcept for trawling, sampling was 1li-
mited to a three month period. Nevertheless, kee-
ping in wind these observations, a number of infe-
rences can be made.

Differences between ecosystems

There are obvious physical and chemical differen-
ces between the three habitats. The mangrove is
characterized by highly variable salinity, tempe-
rature end turbidity; it receives large nutrient
and mineral inputs from the continent. Soft bot-
toms have an extremely diverse substrate which
changes gradually from highly silted to coarse
grey sand. Water turbidity is still important but,
as salinity and temperature, il is much more sta-
ble than in the mangroves. Coral reefs enjoy ra-
ther stalble water conditions and low turbidity.

Environmental conditions explain to a great extent
the differences between the fish populations of
the three habitats, as physical factors in the
Gulf of Corpentaria (Rainer & Munro, 1982). The
nature of the substrate and the composition of the
benthic communities influence the {ish assemblages
(Blaber, 1980). Thus, coral reefs are characteri-
zed by high levels of grazers (Scaridae) and omni-
vores (Chaetodontidae and Pomacentridae) and low
levels of piscivores and detritus feeders. Soft
bottoms are dominated by Lelognathidae (small car-
nivores feeding both on the benthos and in the wa-
ter column). The small patch reefs found on soft
bottoms have a fish fauna cimilar to that of coral
reefs, but with generally a higher percentage of
large carnivorous fish. The main species collected
on soft bottoms (Leiognathidae, Mullidae, small
Lethrinidae) have small average sizes, whereas
more large fish are found in both coral reefs and
mangroves. Mangroves are characterized by the in-
vasion of piscivores which come to feed on small
species and juveniles sheltered in the mangrove
prop roots (Blaber et al., 1985; Blaber, 1986).
Detritus feeders also enter the mangrove, where
they prey upon the micro- and meiofauna associated
with the litter fall (Sasekumar et al., 1984).
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Interactions between ecosystenms

Although the fish fauna of each habitat is diffe-
rent. from the others, some interactions exist fol-
lowing a sequence: coral reefs <-> soft boltoms
<-> mangrove. Trophic structure and species over-
lap analysis tend to indicate exports of energy
from mangrove to coral reefs through soft bottoms.

Passive exchanges

A review of the literature indicates that, the nu-
trient dynamics between tropical coastal ecosys-
tems is far from being well understood. Mangrove
forests appear to serve more as sinks for carbon . -
and nutrients than as. exporters for downstream .
systems (Wiebe, 1987). Coral reefs - soft bottoms
exchanges are not well documented, most studies

‘being essentially focused on geagrass beds which

are absent from Saint-Vincent Bay.
Active exchagges sl :

RIS

Tidal feedlng mlgratlons from nearshore waters to
mangroves are probably -dmportant to energy flows.
The importance of: piscivores and detritus feeders:
increases from.coral.réefs .to mangrove, vhile gra-.
zers .and omnivores become :less- important. Species
overlap between soft bottoms and mangrove indica-
tes that the species involved:are secondary cons-... ..
umers and .piscivores. Mugilidae, .which are unde-- . -
restimated by trawling, also enter in the mangrove
with the tide to feed .om-the; mudfloor.. The impor-"=..
tance of carnivores and -zooplanktivores in the :-
soft. bottoms — -mangrove’ overl&p shows that mangro- .
ve invertebrates are a ‘major component of the diet -
of these foraging species;+as in Malaysia.(Saseku- ..
mar et al., 1984). Inithe Dampier region (NW Aug- ;=
tralia), piscivores enter :mangroves with the tide

to feed upon -small-permanent species .(60% of. their
diet is mde of 1-9 cm fish) and juveniles of lar-
ger species’ (Blaber, 1986)..In riverine mangroves, .
few piscivores are usually collected, whereas
planktivores are numerous {Blaber, 1980; Robertson

& Duke, 1987). The presence .of large piscivores,

in our. study like in Dampier, seems to be related

to the lack of estuarine influence.Thus, the ef-
fective importance of piscivores in transfering
energy may be smaller than it would appear in this
survey.

Tew day-night studies have been done in mangroves.
While no significative difference was found in
Cogta Rica (Phillips, 1983), Thayer et al. (1987)
report day-night variations in the gpecies compo-
sition of mangroves and adjacent seagrass beds
fish faunae (Florida). However, these differences
varied with the species, In Saint-Vincent Bay,
piscivores show markedly nocturnal habits. Total
abundance and biomass were the greatest in the
night samplings, which wmay indicate the use of the
prop roots as a refuge against fish predation.

In the present study, coral reefs - soft bottoms
overlap 1s likely overestimated. The presence of
small patch reefs in the trawled areas explains
the collection of reef associated species (Scari-
dae, Chaetodontidas and Pomacentridae). Birkeland
& Amesbury (1987) suggest that most of the species
common to coral reefs and nearby habitats are wi-~
dely distributed, because of the motile prey upon
which they feed. The importance of secondary cons-
umers in the species overlap lend some support to

this hypothesis. Large feeding migrations of reef
fishes, restlng the day on the reef, are usually
described in the Caribbean (Ogden & Zieman, 1977).
Parrish (1987) documents such migrations in the
Pacific on'a smaller scale, the species involved
belrg Apogonidae, Holocentridae, Mullidae, Lutja—
nidae and. Lethrinidae. These families, present in
the species overlap, may have similar behaviour.
The excretory products’ of these foraging species
may favour an incredse of coral (Meyer et al.,
1983) .and ‘macrophyte (Nelson, 1985) growth.

Juveniles leaving their nursery ground can be
congidered as an outflow'of energy. These migra-
tions may represent little direct transfer of bio- -
mags but, as the energy’ and the material required
for the.growth of the récruits are supplied, by

.another. ecosystem, it is highly efficient for the

reclplent habitat . (Parrish; 1987). At ithe moment,
the nursery valus.of the mangroves is:coming under
question;. especl&lly for ‘reef associated species. -
In PNG, Birkeland & Amesbury 11987) found no si-
gnificant differences for' juveailes among habi-
tats, the’ distributlon:o uvenlles and adults
being not c10sely-correlated. ‘Quinn & Xojis (1985)
note that the proximity of’.coral reefs does not
affect significantly estuarlne flSh asgemblages.
They suggest that mangroves"act as & nursery for
few reefifish in:the. Indo-Pacific. From our fin- ..
dingsyronly. . two reef ‘asgociated: species can be :
congidered as 'using the mangrove as & nursery si-

te: _pinephelus caeruleopunctatus and E. howlandl.‘;

Thus, inieractlons between these*troplcal fish .ve
communitigs. appear.-to sbe less: pronounced -than it .1

was usually’ thought,uat vleast :in +the Indo-Pacificy ;'

Tidal-:feeding- migratiors. would be a major transfer..
-of energy.between “these.systems.: At our study sca--.

le, juvenlle mlgratlons have & llmited dlrect im-
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Appendix 1. The overlappiﬁg species, their feeding habits and relative abundance on each habitat:

Feeding habit: F. H. is : Pi=Piscivore, Cl=High Carnivore, C2=Small .Carnivoze,
G=Grazer, O=Omnivore, D=Detritus Feeder, H=Herbivore. |

Zooplanktivore, )

Relative abundance is: A=Abundant, C= Common, P—Present R—Rare, +—Qua11tat1ve record only, ——Absent.

Ubiquitous species are indicated by °

Relative abudance m Relative abudanm @
F.H, |Caral reefes Saft bottoms Mangrove F.H. [Carel zeefs St ottoms Mangrove
Acanthiridse Chirocentridss
Acantimrus D G P P - Chirocentrus darab ) - P R
dusoumierd H P P - Chaetodontidae '
mta G c R - Ceetodm  awign 0 c P -
xanthopterus H + R - benettd o] P P -
Neso 3. z R R - ehiphm 0 | P R -
Zelrasomm desjandin. G [¢ R - flavirostris 0 c P -
Atherinidas . Hneolatus 0 P R -
Atherira E:N A - P Tlebelus 0 ¢ P -
Apoganides 0 R P -
Apogen ;. v} c P - trifescialis G P R -
aureus [¢] P P - trifasciatus G C P -
catalai ® R P - Coradin altivelis [+/] + P -
froerstus [+] R P - Henioctms ecuminatus G P P -
Cheilidg quinquelineatus G2 R P ~ Clupeides
Bothidee Jublyraster sirm Z - P P
gremisquamn - Q2 R P - Dagyntidas -
Caesionides Dosyatis Johlii [¢4] + R R
Caggio 8P Z R P - Dicdentidas
erythropaster 2 + R - Diodcn histrix 4] R + -
tle Z P R - Eleotridse
Carangidee Vireosa anae [¢-] P + -
Gratharodan gg csus (jur.) G2 - P R Frgraulidas -
Sconberoides =1 - )3 P Stolephorus  indicus 7 - R
Carcharhinidas S| beelam Z - - P
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Centriscides i stularis pe
“Aeoliscus strigatus Z P P - Hs el B F F 3
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Appendix 1. Continued.

F.l.

a
ct
o
-4
- (2.
i@
o]
opmathus’ R
e U B
P -3
¢ ' [+23
c1
. Ci
a
cl
N .Gl
(¢}
o
e
cl
]
.a
(v}
- Y : b]
Hugllcides - -
Pompercls  glinddes @
Mullides
Milloididitlys flavalinmtug [+
Pumwpeneus £, @
© dnddcus [+]
x
gpilucus e
Upeneus F=:NR o
.2 e
vittatus [+
fropuia ®
Munnesocidee
Mavenosox bypio Pi
lieniptoridne
lpmpterus perond ct
Scolopsin  lemuralis cl

Rolative dluaxance o
Corel reefs Soft bobttous Margiove

a 8o R\RR8 B8

Qammaan

=

171 11

emmmm

wmilo+ o™ YY Q 1]

tomw WL

T E L

P
c
P
P
+
R
P
P
P
P
+
+
+
+
R
P
P
P
C
P
P
P
Y
P
P
P
R
P
P
I3
P
R
P
3
P
P
R
R
P
R
13
P
C
P
P
P
c

o

=

>0

EURNERE

M

1R/

=~

R

Ostreciidao
-, Ogzaciay
Platyceintidos -

Pol)uanl&n
J&ELL_
fancanthidoe: . :
. Centrompe
” Pamcentridoe

Pomoenbus

Princantiddee

Sy

Telraodntidos
Arothran

Canthifpsler
Legonpinlus

Trichiwidee

Trichiurug

-618 -

Jnt.ngﬂnlus g_

Abalebduf ..+ corlesliing

E
.=" N
TR

I

;

g
‘SO NN

Holn( lve oluwslore i

F.il. JCarnl veefa “ol‘h tobtoan lugrove

e o e e

P
_F
P
p- P

miuostmus

3]
v
1

9°°°fﬂ;§ &ar 

W rorg ) U R e

[
il

Q“Qﬁés

TYTen T
Towlnndt -+

8
E
B
g

v ogge EEEEEEE EpE EE=S @
LR iﬁ:'é(‘ﬂ}l;'dl L '-:1‘,..-::::“‘

grueilis
rehudosus *

wilipgrmia
birgotslug

eryrlemnd
fcohlionals

variegabis

mawmOma ’V'V=

+
P
R
+
R
+

hispicus ©
snnilletsis

valentdnl
aeleratus

lepturug

N>R
 + "

1
~

(11 = “m=a

(B R -R-- BN




