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Abstract

Rabbitfishes (Siganidae) are valuable commerciatigg in many parts of the world.
Along the East African coast, they constitute int@ot food and commercial marine fish
resources. However information on their biology #xbnomy is scanty. Therefore this
study was aimed at bridging the knowledge gap eir taxonomy and distribution. Data
was collected on rabbitfish specimens landed at(@jxanding sites along the Kenya
coast. Morpho-meristic measurements and counts meace on 234 specimens. A total
of six (6) speciesSganus canaliculatus, S sutor, S stellatus, S luridus, S rivulatus and

S argenteus were recorded. Msambweni landing site recordethallb species, followed

by Shimoni and Malindi with 5 each, then Kilifi wit4 while Mombasa and Vanga with

only 3 species.

In the present stud$. stellatus had the highest mean length (SL), body depth (BD),
dorsal fin base length (DFbL) and anal fin bas@tler{AFbL). Sganus luridus had the
lowest mean SL, BD, DFbL and AFbL. The morphometlata was subjected to
Principal Component Analysis (PCA) in PaST softwaiegramme. Characters identified
in the PCA to contribute to most of the variatioeres subjected to the non-parametric

Mann-Whitney U-test ai < 0.05.

PCA results showed clear separation of polygonstiiar speciesS. stellatus and S
luridus with S. luridus specimens in the positive part df PC andS. stellatus specimens
in the positive part of*IPC. Polygons of the other four specis;analiculatus, S. sutor,

S rivulatus andS. argenteus overlapped in the negative part of 2C, suggesting close

similarity in their body morphometry. Mann-Whitnely-test confirmed significant
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difference between specimens®fstellatus andS. luridus (p<0.05) for 7 morphometric
characters. The differences were observed betwéanacters ofS luridus and S
argenteus, while the least differences in ED and GAspL wketweenS. canaliculatus
and S sutor. PCA for S rivulatus specimen from Msambweni (south) and Malindi
(north) coast clear separation of polygons withiNtlspecimens falling on the negative
part of ' PC and Msambweni specimens in the positive parbs&juent character
analysis ofS. rivulatus from Msambweni and Malindi, confirmed significahfference

in ED and GAspL [§ < 0.05). Therefore, there is need for further rede@n taxonomy
of S rivulatus including analysis of molecular genetic variatitm confirm whether
Msambweni and Malindi rabbitfishes are separatekstmf the same species or two

different species.
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CHAPTER 1: INTRODUCTION
1.1 Background

Rabbitfishes (Siganidae), also commonly known asesfoots, are widely distributed in
shallow coastal habitats throughout the Indo-Paacifaters. Although rabbitfishes were
originally restricted to the tropical Indo-Pacifiegion, they are now found in the eastern
Mediterranean basin, where they entered from Redtli@eugh Suez Canal which opened
in 1869 (Danielet al., 2009). Tharwat and Al-Owfeir (2003) reported tt&ganus
rivulatus as one of the species that penetrated througBube Canal and is now common
in the Mediterranean basin. Rabbitfishes are vdduabmmercial species in many parts of
the world (Woodland, 1990). Along the East Africaoast, they are among the most
important commercial marine fish resources (Nziakd84; Ntiba and Jaccarinni, 1988;
1997; Kamukuru, 2009; Wambiji, 2010; Nzioka, 201R).the Western Indian Ocean
(WIO) region rabbitfishes are a major target spedm@ the local basket trap fishery

(malema) (Wambijiet al., 2008).

Most rabbitfishes are exclusively marine water; beer Sganus vermiculatus

Valenciennes 1835 that inhabits estuaries has dsbeen successfully introduced into
freshwater habitats (Tharwat and Al-Owfeir, 200Byeferred habitats for rabbitfishes
include littoral to sub-littoral marine areas. Thaginly inhabit reefs, shallow lagoons, sea
grasses and mangrove habitats. According to GoraspgeDemayo (2013) rabbitfishes
frequently come out of reefs crevices where thég teefuge at night, into very shallow
waters less than 6 meters deep to feed on algasgdhe day. Gundermaret al., (1983)

divided rabbitfishes into 2 groups based on thelowration and habitat preference with

the first group including species that live in paisite specific, brightly coloured and



strictly associated with coral reefs. The coralcgge are delicate, sensitive to changes in
salinity and generally show inter-specific behavieuy. Sganus corallinus. The second
group consist of species which school at some stelife, forage over a wide area and are
generally gray or drub. They are robust and apjpigrerore adaptive to wide variations in
salinity and temperature. The schooling speciesmaportant food fishes which support
artisanal fisheries in many parts of the world éampleS canaliculatus, S sutor, S
stellatus, S luridus, S rivulatus and S. argenteus (Duray, 1998). Species of the family
Siganidae, locally referred to dsfi, Tass au chafi are important fishes of the artisanal
fishery along Kenyan coast. This is probably dugheir presence in inshore habitats
which are easily accessible to the small, low tetbgy fishing crafts of the artisanal
fisher. They are also among the preferred foodeiswith high demand in most coastal

towns, largely because they ‘are extremely tagtgel and Al-Owafeir, 2003).

The Kenya coast is characterized by extensive lagoocoral reefs, mangroves and sea
grass beds. Despite these rich habitats, mariherfess are limited due to a narrow shelf,
resulting in a small inshore fishing area (Chuengagt al., 2006). The other factors that
influence the small-scale fisheries include the somm winds: the northeast monsoon
(NEM) running from October-March and southeast mons from April-September
further limit fishing activities to inshore wateshen the sea conditions are rough (Obura,
2001). Marine fisheries have been estimated toributée only about 10% of Kenya’s total
fish production with the huge fraction of the totaltional fisheries catch coming from the
Lake Victoria fisheries (FAO, 2012). However, thera marine fisheries sector remains
critical to the food security and livelihood of theastal communities (Aloet al., 2004),

just like in many developing countries around tharld: Malleret-King (2000) estimated



that fisheries provide 80% of the total income @%7 of some coastal communities.
Robinson and Samoilys (2013) reported that thelfasniLethrinidae and Siganidae are the
dominant marine fish resources in the artisandlefig landings along the Kenyan Coast

accounting for 39.2% and 39.1% of the total arég@atches along the Kenya coast.

Rabbitfishes are harvested by artisanal fisheragatbe entire Kenya coastline from the
shore to the outer edge of fringing reef at depéiss than 20 m. The fishers use small
boats measuring less than 10 m long, dominatedugyodt canoes or outrigger boats
(ngalawa) often propelled by oars and sails although outh@mgines are slowly picking
up (De Souza, 1988). The artisanal gears usedhmng for rabbitfishes include gill nets,
intertidal wiers (zi0), hand-linesrfishipi) and basket trapsnélema). Previous studies by
De Souza (1988), Wambit al. (2008) and Samoilyst al. (2011) show that basket traps
(malema) are the most popular gears in the artisanal fishe

Artisanal fishing in the inshore or near-shore wate carried out using small-sized vessels
and labour intensive methods with little or no modieechnology input augmented by low
investment (FAO, 2009). In Kenya the artisanal diéés represent the bulk of total the
total marine landings which have been estimate3D%& (Kaunda-Ararat al., 2003). The
fisheries target a wide variety of fish speciedudmg demersal reef and small-pelagic
species inhabiting inshore waters, as well as cawialy-important invertebrates such as

shrimp, octopus and lobster (Samoiysil., 2011).

1.2 Problem Statement and Justification of the Study

Several studies have been published on some riablstbecies along Kenyan Coast (Ntiba

and Jaccarini, 1988, 1990, 1992; Wamhijial., 2008; Wambiji, 2010; Agembe, 2012;



Nzioka, 2012). Most of these studies were focusediological aspects such as age and
growth parameters, fecundity estimates, gonad @b, spawning times and estimation
of important reproductive parameters mainly of sge8. sutor. Wambiji et al. (2008) and
Nzioka (2012) reported on morphometrics of 3 spe8estellatus, S. canaliculatus andS.
sutor while Robinson and Samoilys (2013) reported ongpawning aggregation &
sutor. Thus, only 3 species of the family Siganida&kanya marine waters have been
studied to some detail, with sutor being the most studied species, whei®daridus, S.

rivulatus andS. argenteus are yet to be studied.

Previous studies have reported varying numberslobitfish species in Kenyan waters,
ranging from 3 to 6 species (FAO, 1984; Anam andsfsdliala, 2012; Everett al., 2012).
The National Museums of Kenya (NMK) reference adllen holds 23 rabbitfish
specimens, collected mainly from Malindi; comprgionly 3 specieS. stellatus, S. sutor
and S canaliculatus. Fish landing statistics at Kenya Marine and FigseiResearch
Institute (KMFRI) and State Department of Fishe(®BF) do not identify rabbitfishes to
species level, but only lumps them together as lRdishes”. According to some basket
trap fishers at the Old Town, Likoni, Msambweni avdlindi fish landing sites, about 6-7
rabbitfish species are landed by artisanal fishduwsing the October-March period,
identified as spawning season for the species (Robiand Samoilys, 2013). However, so
far there has been no comprehensive study of ttentemic composition of rabbitfishes

along the Kenya coast.

The purpose of this study was therefore to addifesknowledge gap on the taxonomic

status of rabbitfishes in Kenya and provide basebivlogical data on the species that



comprise “rabbitfish complex” in Kenya marine wateFurther the study was designed to
validate the species composition of rabbitfishesgba by the artisanal fishers along the
Kenyan coast; focusing on identification of addidbd morphological characters for
differentiation of the species, especially the kEshénd/or preserved specimens. This is
because existing species descriptions currentlyseare largely based on colour patterns
of live specimens which fade rapidly upon landingl ar preservation (Woodland and
Randall, 1979; Burgast al., 1979; Randall and Kulbicki, 2005). Proper idgcdition of
species and information on some aspects of thestodpy are important for the
management of their populations which are exploitedhe artisanal fishery along the

Kenyan coast.

1.3 Objectives
The broad objective of this study was to descrihe taxonomic composition of
rabbitfishes landed from the Kenyan coastal wadgis to provide scientific information
on some aspects of their biology including lengtighit relationship and condition of
rabbitfishes in the artisan fishery.
The specific objectives of the study were:

1. To validate the number of rabbitfish species in y@marine waters.

2. To elaborate morphological characteristics usefuldistinguishing rabbitfishes

along the Kenyan coast.
3. To determine length-weight relationship and conditiactor of rabbitfishes landed

along Kenyan coast.



CHAPTER 2: LITERATURE REVIEW

2.1 Biology and Taxonomy of Rabbitfishes

Rabbitfishes belong to the class Actinopteri, or@arciformes and family Siganidae
(Eschmeyeet al., 2016). The family Siganidae is divided into tgeneraSganus andLo,
with a total of 27 known species. The genSiganus is commonly referred to as
rabbitfishes, spinefoots or siganids and compr&species distinguished by their deep,
compressed body, snout resembling that of a ratBitdorsal, 7 anal and 2 ventral fin
strong spines. They possess a leathery skin, siso@ll and closely adherent scales, and
thus are frequently mistaken to be scale-less.rThmdy colouration ranges from olive-
green to brown depending on the species (HerreMomtalban, 1928; Munro, 1967 and
Duray, 1998). The genuko has five (5) species. Their bodies are charactrizg
extended snouts and prominent face stripes eathirg the name of “foxface fishes”.
None of thesé.o species has been recorded in Kenyan marine watkesshapes of the
snout, caudal fins, body depths and shapes haveusedul in distinguishing the members

of the two genera (Woodland, 1990).

Rabbitfishes spines are strong, sharp and havenvgands that contain a painful toxin.
Most species are counter-shaded, but some reefespsgch asSganus vulpinus have
colouration similar to those of butterflyfishes (f@an et al., 2009). Jaikumar (2012)
noted that “species in the gentiganus are all extremely similar to each other in most of
their traits”. They also possess one procumbemtespi front of the first dorsal-fin spine;
part of the proximal pterygeophore cartilage on ckhithe median spine sits. The

procumbent spine may be completely embedded oryst®tfrom a small groove. Their



teeth are in a single row of incisiform shape, vasynpressed and closely set in both upper
and lower jaws (Woodland, 1990). It is noted, hogrewhat such similarities are not

taxonomically useful in discriminating species (Byir1998).

Rabbitfishes are herbivores, grazing on algae, sedsvand sea grasses. As such, they are
quite important to the reef ecosystem since thaizigg keep the thick mats of filamentous
and leafy algae from smothering the corals. Theycable of keeping the mat to about 1 to
2 mm thick and can strip vegetation from a 10m kidtound the reef. Other rabbitfish
species use the reef mainly for shelter but “h@leve it in brilliant, shifting shoals, while
feeding on phytoplankton (Moyle and Cech, 2000k $hecies deposit feaces in the small
crevices where they hide, which is important innpoting the growth and diversity of
corals (Duray, 1998). Predation is the most impurtzause of death on the reefs where
most rabbitfishes live; it has been reported thelyfew larval stages survive. Defense
against predation pressure to the members of #msly is in the form of sharp, strong

poisonous spines (Moyle and Cech, 2004).

Rabbitfish species school in small to large growath species such & rivulatus andS.
luridus splitting off into pairs or small units after tetart of spawning activity (Moyle and
Cech, 2004). They migrate to their traditional speg locations which vary among
species just before the start of spawning seasobifBon and Samoilys, 2013). Wide
spacing throughout the reef during spawning aadsibccurs as a result of aggressive
behaviour of individual pairs or groups towardsentigroups (Moyle and Cech, 2004).
Some species show lunar synchronized spawning itgctisuggesting that their

reproduction depends on the appearance of the rawa,ma phenomena which is common



with many other coastal species (Haraha@et2001; Robinson and Samoilys, 2013).
Two spawning seasons have been reported for theAfrasan coast running from January
to February in Kenya and May to June in Tanzaniaters (Ntiba and Jaccarini, 1990;
Kamukuru, 2009). On the other hand, Robinson anchdBgs (2013) reported that

spawning aggregation & sutor takes place between November and March in Kenya.

Identification of rabbitfishes is difficult becauséthe morphological differences between
species are very few. Existing descriptions forcggedifferentiation are largely based on
colouration of live fish (Woodland and Randall, 29'Burganet al., 1979). However,
colour changes with age and emotional state of fitlke as well as in death and
preservation of specimen are common (Herre and 3loemd, 1928; Fowler, 1967;
Woodland, 1972; Rau and Rau, 1980; Masetda., 1980; Randall and Kulbicki, 2005).
Although there are no obvious external differenbesveen males and females in this
group, females are relatively larger than malesomme species (Moyle and Cech, 2000).

2.2 Morphological Characters

Morphometric and meristic refer to the measurahbk @untable characters common to all
fishes. These characters have been used to iddigifyspecies in numerous studies;
Nzioka (2012) compared the morphometric and menariation between populations of
S sutor as the populations are isolated and thus tenddiaceetheir genetic and ability to
adapt to variation in environmental factors thatluence changes in morphometric
characters. Previous studies by Murta (2000) andlePat al. (2004) suggest that

morphological differences occur also within species



2.3 Length-Weight Relationship and Condition Factor

Knowledge of length-weight relationship (LWR) andndition factor K) of fishes is
important in fisheries science. The LWR have a nemdd important applications in fish
stock assessment (Morey al., 2003); and sustainable exploitation and managemoe
fish species population (Anene, 2005). Dan-Kish(2813) stated that LWR provide
valuable information on the habitat where the fisles while Kulbicki et al. (2005)
stressed the importance of LWR in modeling aquat@systems. Length and weight data
are valuable standard results of fish sampling r@gnmg such as estimation of standing crop
biomass (Mansoet al., 2010) and monitoring seasonal variations in fisbwth (Pervin
and Mortuza, 2008). Therefore, data on a well-desig_WR of a fish species is important
for fish stock assessment and parametemmnd b (slope and y-intercept of the L-W
regression curve, respectively) can be used fagtheweight conversion. LWR are also
important in fisheries management for comparativemh studies (Moutopoulos and
Stergiou, 2002) as well as for estimation of Fighndition factor K) of fish species and

fish biomass through length frequency analysis (Reshiya, 2013).

In fisheries science, Fish Condition factor is usedefer to the “condition”, “fatness” or
wellbeing of fish. It is based on the hypothesat theavier fish of a particular length are in
a better physiological condition (Bagenal and Ted@v8). The condition factor in fish
serves as an indicator of physiological state efftbh in relation to its welfare (Le Cren,
1951; Dan-Kishiya, 2013) and provides importanbinfation that can be used to compare
two populations, climate and other conditions (Wedy and Gills, 1987). Fish Condition
factor is also a useful index for monitoring feeglintensity, age and growth rates in fish

(Ndimeleet al., 2010). It is strongly influenced by both biodod abiotic environmental
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conditions and can be used as an index to assestattus of the aquatic system in which
fish live (Anene, 2005). Thus, condition factoingportant in understanding the life-cycle
of fish species and it contributes to adequate gemant of the species, hence

maintaining the equilibrium in the ecosystem (Imetral., 2010).
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CHAPTER 3: MATERIALSAND METHODS
3.1 Study Area

This study was conducted at six selected landitgg silong ~600 km stretch of the Kenya
coast (Figure 1). Spatially, the Kenyan coastlimerds from Vanga (4°324.04'S
39°947.49'E) on the southern border with Tanzania to Kiurfg&@455° S, 41.4888° E) on
the north border with Somali (Maina, 2012). The §tas part of the Western Indian Ocean
(WIO) eco-region which is characterized by an almoentinuous fringing coral reef.
Other features of this important Coast include meweg forests and estuaries as well as a
number of archipelagoes. An estimated 3.0 milliengle inhabit this coast and depend on
marine resources for employment and food in thenfof shell and fin-fishes. Statistics
have estimated that the Kenya’s marine fish ressuocontribute over 70% of the dietary
protein consumed by the coastal population (Adoal., 2004).

3.2 Climatic Conditions

The East African Coast of Africa including the Kangoast experiences a tropical humid
climate, with two distinct seasons; the Northeasinskbon (NEM) and the Southeast
Monsoon (SEM). The SEM season occurs between Agmdl September, and is
characterized by high cloud cover; heavy rains ayieg 900 mm/year, strong winds and
low air temperatures averaging 25°C. The NEM seagunh runs from October through
March, is marked by weak winds and high air temipees (> 30°C) (Okeyo, 2010). The
rains occur during wet months of April to July whaaily sunshine period averages about

7.3 hrs in July and 9.3 hrs in December (Muaga., 2012).
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Figure 1: A map of Kenya (inset) showing the Ker@@ast locations of the study sites

used in this study
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3.3 Fish Landing Sites

The present study was conducted at six selectedinignsites; Vanga, Shimoni and
Msambweni in the south coast and Mombasa, Kiliti &ualindi in the north coast. Vanga
(4°3234.04'S 39°947.49E) is Kenya's southernmost coastal fishing villdgeg about
171 km from the city of Mombasa. The village isyatcessible through a 17 km rough
road from the Kenya/Tanzania boarder post at Lumggl (Trillo, 2013). The village is
built within mangrove area and the fishing areas @raracterized by some of the most
complex mangrove ecosystem along the coast estuand creeks close to shore in
proximity to patch and island reefs intersperseth wea grass beds. The Shimoni landing
site straddles at 4.6472° S, 39.3804° E and isghshing village which lies about 73 km
south of Mombasa off the Pemba channel. It is gomomant fishing settlement that also
borders the Kisite-Mpunguti Marine National Parkl&eserve (Agembet al., 2010). The
Shimoni fishing area is rich in valuable naturatl aourism resources including coastal
forests, patch and fringing coral reefs, sea-gbasts, reef flats, sand bars, important bird
areas and mangrove forests which support a highlgrek ecosystem (Gomes al.,
2012). The Msambweni landing site (4.4653° S, 3B348E) is a small fishing village
located about 55 km south of Mombasa city. Fishinthe primary source of income in
this village, with rich fishing grounds located kit complex mangrove bays, estuaries
and creeks close to shore near patch and islafgl ®@me of the largest mangrove trees
are located within Gazi Bay where some of the mwgtortant fishing grounds of the
Msambweni fishers are located (Malleret-Kieg al., 2002). Because of its reef and
extensive beaches, snorkeling tourism has gainddige popularity over the two last

decades (Koornhof, 1997).
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In the Mombasa fishing areas (4.0435° S, 39.66823rEthe north coast, inshore fishing
activities take place all the year round in thellshawaters<bm deep. Mombasa lies
within a 200 km fringing reef with shallow lagoorsga grass beds with narrow channels
connecting it with the open ocean (Malleret-Kiagal., 2002). Some areas the fertile
fishing ground were shelved off for marine protdctgea (MPA); the Bamburi Marine
Reserve (Dugong, 2000). On the other hand, thefi Kdhing sites (3.5107° S, 39.9093°
E) lies off the Kilifi resort town on the north cstaof Kenya, about 56 km northeast of
Mombasa city. The Kilifi town lies on the Kilifi @ek which is part of the Goshi River
estuary (Weiss and Heinrich, 2006). Like the réshe coastal villages and towns, fishing
is one of the historical economic activities. Mos$tthe rich fishing grounds in Kilifi lie
within the 200 km fringing reef with shallow lagagrsea grass beds and narrow channels
opening into the open-ocean (Malleret-Kieg al., 2002). The northern most site of
Malindi fish landing site (3.2192° S, 40.1169° E)acated on the Malindi Bay. The Athi-
Sabaki-Galana system drains into the bay. Fistsrgne of the major economic activities
in Malindi, partly due to its proximity to rich fisng grounds including the Kenya North
banks and the Sabaki River mouth. The Malindi figharea has fringing reef with high
coral diversity running from Malindi-Watamu with € offshore banks close to the
continental shelf. Mida Creek which forms part leé tMalindi fishing grounds is a diverse
groundwater-fed shallow mangrove and sea gras didelleret-King et al., 2002).
However, Malindi has shelved off some of its fighgrounds to the Malindi and Watamu

National parks and Reserve (Kaunda-Arara and R6¥¥5).
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3.4 Field Sampling and Species | dentification

Field sampling was conducted for three consecutizgs at each of the selected sites
during November, 2013 through September, 2014lahiled catch was sorted to species
level and the rabbitfish specimens isolated fothferr analysis. While the specimens were
still fresh; initial identification features sucls @audal fin shapes, colour patterns on the
body and fins that were distinctive enough to halpdentifying landed specimens were

observed and recorded (Table 1).



Table 1: Features useful in identification of deagreserved rabbitfishes

16

year

Morphometric | S. canaliculatus | S. sutor S. luridus S. argenteus | S rivulatus
Character
Caudal fin Moderately Slightly Truncatt
shape lunate forked
Caudal fin Dark Dark Dark Light or Light or
colour Silvery Silvery
Caudal fin lobe | Sharply pointe | Moderately Sharply Sharply
tip shape pointed pointed pointed
Caudal fin lobe | Nearly eque Unequa Equa Equa
lengths
On lateral line | Dark patch o
origin blotch
On caudal fil 4-5 dark, -4 6-7 dark, € | Light bare
light bars light bars
On dorsal fir Dark spot Dark spot | Dark spot Light spot:
base
On anal fin Dark spot Dark spot | Dark spot Dark spot
base
Stripes or Dark
dorsal fin base
On anal fin 3-4 dark
rays bars
On cauda Broad verical Broad Narrow
peduncle base | dark bars vertical dark | vertical dark
bars bars
On each caudi 3 light 3-4 dark/light | 4 dark
lobe vertical vertical vertical
stripes stripes stripes
On operculun Dark vertical
edge bar
On pelvic fir Dark spot
On pelvic in 4-5 light/4
dark bars
Pectoral fin Olive greel
colour
On dorsal par Dark patcl
of head
Above latera 7-9 dark
line patches
On upper par Silvery
of caudal patch
peduncle
Spawniny Gravid ~8
months a
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Further length measurements and the weight of dbbitfish specimens were taken and
recorded at the landing site. For each specimenstidindard length (SL) and total length
(TL) were measured on a fish measuring board tonéagest 0.1 cm. The SL and TL were
measured from the tip of the snout (mouth closedhé caudal peduncle base and tip of
the longest caudal fin, respectively (Fischer andnéhi, 1984; Anam and Mostarda,

2012). Body weight (BW, g) was measured to theestdi.1 g using a top loading balance

(Ashton Meyers, model 7765).

At each landing site, ten (10) individuals of rabbh species were collected and chilled in
ice before transfer to the Kenya Marine & FisheResearch Institute (KMFRI) laboratory
for morphological study. On arrival at the laborgiathe specimens were immediately

preserved at -2 pending further processing.

3.4.1 Laboratory Work
Before any morphological measurements and merigtients were conducted on the

preserved specimen, they were thawed at room textyperfor about two hours. Then each
specimen was dried using soft tissue paper to remegeess water from the body surfaces.
Measurements were then taken from the left lateaagpect of each specimen.

Morphometric measurements were then conducted fediraspect of each specimen as

outlined in Table 2.
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Table 2: Morphometric characters measured on edathitfish specimen examined in this study

Characters Abbreviations  Description

Standard length SL Tip of upper jaw to tail base

Head depth HD Vertical measurement across anterior end of giinipg
Snout length SnL Tip of upper jaw to anterior border of eye

Eye diameter ED Greatest bony diameter of orbit

Body depth BD Maximum depth measured from base of dorsal spine
Pre-dorsal distance PDD Tip of upper jaw to anterior base of dorsal fin
Pre-pectoral distance PPD Tip of upper jaw to anterior base of pectoral fin
Pre-ventral distance PVD Tip of upper jaw to anterior base of ventral (pe)\fin
Pre-anal distance PAD Tip of snout (upper jaw) to anterior base of airal f

Pectoral-anal fin distance PtAFD
Ventral-anal fin distance VtAFD
Dorsal fin base length  DFbL
Dorsal fin ray length DFL

Dorsal spine length GDspL
Pectoral fin length PFL
Ventral fin length VFL

Ventral spine length VspL
Anal fin base length AFbL

Anal fin ray length AFL
Anal spine length GAspL
Lower jaw length LwJL
Lower jaw width LwJW

Caudal peduncle length CPL
Caudal peduncle width CPW

Distance from anterior base of pectoral fin to eotebase of anal fin
Distance from anterior base of ventral fin to aiotebase of anal fin
Distance from anterior to posterior base end ofaldin

Longest dorsal fin length

Longest dorsal spine (5th or 8th) length

Distance from anterior to posterior end of the pesitfin

Distance from anterior to posterior end of ventfiral

Longest (1st) ventral spine length

Distance from anterior to posterior base end ofie fin

Longest anal fin length

Longest anal spine (3rd or 4th) length

Straight line between the snout tip and posterdgesof mandible
Distance between the posterior ends of the mandible

Distance from posterior end of dorsal/anal fin &sd of column
Depth of caudal peduncle taken in middle of itggtln
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3.4.2 Morphometric M easur ements

Following the procedures described in Fischer andn&hi (1984), point to point
measurements were taken on 24 morphometric chesatethe nearest 0.1 cm using
vernier calipers (Mutitoyo, Japan) as follows: $kam length (SL) was measured -from
the tip of the snout to a vertical line passingtigh the base of caudal fin; Head depth
(HD)-from anterior end of dorsal fin across antermd of gill opening; Snout length
(Snl)- from the tip of the snout to the anteriorrgia of the eye; Eye diameter (ED)-as
horizontal diameter between the fleshy marginshaf orbit; Body depth (BD)-as the
greatest distance from the dorsal midline to thetra¢ midline of the body; Pre-dorsal
distance (PDD)-from the tip of upper jaw to anterimase of dorsal fin; Pre-pectoral

distance (PPD)-from the tip of upper jaw to antebase of pectoral fin.

The Pre-ventral distance (PVD) was measured -fiwentip of upper jaw to anterior base
of ventral (pelvic) fin; Pre-anal distance-from tiiye of snout (upper jaw) to anterior base
of anal fin; Pectoral anal fin distance (PtAFD)ffranterior base of pectoral fin to anterior
base of anal fin; Ventral anal fin distance (VtIAHD)m anterior base of ventral fin to
anterior base of anal fin; Dorsal fin base len@Fk{L)-from anterior to posterior base end
of dorsal fin; Dorsal fin ray length (DFL)-from migbint of 9" and 18 spines to the
longest ray; Dorsal spine length (GDspL)-from tlesd to the tip of the longest spinét‘ 5
or 8‘“); Pectoral fin length (PFL)-from anterior to poste end of the pectoral fin; Ventral
fin length (VFL)-from anterior to posterior end#ntral fin; Ventral spine length (VspL)-
from the base to the tip of'spine; Anal fin base length (AFbL)-from anteriorgosterior
base end of the anal fin; Anal fin ray length (AFt9m mid-point of & and 4" to longest

ray; Anal spine length (GAspL)-from the base to tipeof the longest spine (3or 4");
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Lower jaw length (LwJL)-from snout tip to the paste edge of mandible; Lower jaw
width (LwJW)-from posterior to anterior ends of rdée; Caudal peduncle length (CPL)-
as horizontal distance from the rear end of the famdbase to a vertical at the caudal fin

base and Caudal peduncle width (CPW)-as the lesstal distance of caudal peduncle.

3.4.3 Meristic Counts

The meristic characters counted on each individualshown in Table 3. The counts were
done using a dissecting pin, for the Dorsal spifigspine), Rays (Dray); Anal spines

(Aspine), Anal rays (Aray) and Pectoral fin rayse¢ifay). Single (un-branched) and
branched rays caudal fin rays (Crays) were couatedach caudal fin using hand lenses.
Gill rakers (Grakers) were counted under dissectimgroscope using a pointed pin

starting with the upper then the lower limb of firet left gill arch (Fischer and Bianchi,

1984).
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Table 3: Meristic characters counted on each rsibispecimen sampled in the present

study

Characters Abbreviations Description

Dorsal fin spines Dspine

Dorsal fin rays Dray
Anal fin spines Aspine
Anal fin rays Aray
Pectoral fin rays Pectray
Caudal fin rays Crays
ULSCray
BCray
LLCray

Gill rakers (Grakers) ULGr
LLGr
TGr

Number of dorsal fin spines

Number of branched rays on dorsal fin
Number of anal fin spines

Number of branched rays on anal fin

Number of pectoral fin rays

Number of single & branched caudal fin rays
Number of single caudal rays in upper lobe
Number of branched caudal rays

Number of single caudal fin rays in lower lobe
Number of gill rakers on upper limb of gill arch
Number of gill rakers on lower limb of gill arch

Number of gill rakers on both limbs of gill arch

3.5 Data Analyses

Length-weight relationship (LWR) was estimated gsine equation: LogW =logo a +

blog;oTL, whereW s the body weightTL is the total lengtha intercept and is the slope

of the regression line (Le Cren, 1951). The retetiop was estimated from the data of the

six (6) rabbitfish species. The condition factl) (vas computed using the expressikn:

=100ML" Where:K = condition factorW= total body weight (g)L= total length (cm),

100=constant anl= slope of the regression curve (Fulton, 1904; Wwogt1990).

Morphometric measurements were expressed as anpegeeof standard length (SL) to

remove size effect. The standardized morphometeasurements were exported to PaST

(PAlaeontological STatistics, version: 2.17). Maoptetric data were then subjected to
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Principal Component Analysis (PCA). PCA is a pragedfor finding hypothetical
variables (components) that accounts for as mu¢heovariance in multi-dimensional data
as possible, the resultant new variables identifieitdg linear combinations of the original
variables (Davies, 1986; Harper, 1999). The nompatric Mann-Whitney U-test was
used for univariate comparisons to evaluate diffees between species on the characters
contributing to most of the variation. Significatifferences were considered at< 0.05).
Because raw meristic data were quite similar fosingpecies, they were not subjected to

PCA.
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CHAPTER 4: RESULTS

4.1 Species Composition

A total of six (6) rabbitfish specie§ canaliculatus, S. sutor, S stellatus, S. luridus, S
rivulatus and S argenteus are landed by the artisanal fishers. The total brmof
rabbitfishes recorded at each landing site durivegstudy is presented in Table 4. All the
six (6) rabbitfish species were recorded at Msammbviish landing site; Shimoni and
Malindi recorded five (5) species; Kilifi recordédur (4); while Mombasa and Vanga
each had three (3) species. Only two (2) specesanaliculatus and S. sutor were
recorded in all the six (6) landing sites, with 1a48d 103 specimens recorded in
Msambweni and Shimoni respectively, while Mombasezorded 67 and 62 specimens of
the same species. Five speciSsganaliculatus, S sutor, S stellatus, S. luridus and S
rivulatus were landed during both the NEM (October-March) &EM (April-September)
seasons, whil&. argenteus was only landed during the SEM season (Table byvéver
the abundance @& canaliculatus, S sutor andS luridus recorded during 2013/2014 SEM
was higher compared to the numbers recorded in/2018 SEM suggesting a probable
decline in abundance. On the other hadfellatus numbers showed higher abundance in
NEM season, and during 2014/2015 SE®fjanus rivulatus only occurred in NEM and

2014/2015 SEM.
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Table 4: Abundance (number) of rabbitfish speade®rded at the six landing sites along the Kenyastcduring the study period

Species Vanga Shimoni Msambweni Mombasa Kilifi Malindi Sub-total
S canaliculatus 75 104 118 67 76 93 533

S sutor 98 103 94 62 91 78 526

S luridus 0 43 126 86 92 10 357

S stellatus 5 26 34 0 8 37 119

S rivulatus 0 0 5 0 0 4 9

S argenteus 0 2 7 0 0 0 9

Grand total 178 278 384 215 267 222 1554
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Table 5: Temporal distribution of the six rabbities recorded along the Kenya coast

Date S canaliculatus S sutor S stellatus S luridus Srivulatus S argenteus  Grand-Total
NEM
Nov., 2013 77 62 86 0 0 0 77
Dec., 2013 217 134 84 3 0 2 217
Jan., 2014 158 91 147 9 0 0 158
Feb., 2014 4 0 0 0 0 0 4
Mar., 2014 0 0 37 10 0 0 0
Apr., 2014 0 0 0 0 0 0 0
SEM
Apr., 2014 0 0 0 0 0 0 0
May, 2014 0 11 0 13 0 0 24
Jun., 2014 21 0 49 13 0 0 83
Jul., 2014 28 0 0 0 0 0 28
Aug., 2014 97 98 13 24 0 0 224
Sept., 2014 7 11 16 20 4 0 58
NEM
Oct., 2014 2 0 0 6 0 2 10
Nov., 2014 0 0 7 18 0 0 25
Dec., 2014 0 0 0 8 0 0 8
Jan., 2015 0 0 0 0 0 0 0
Feb., 2015 0 0 0 0 0 0 0
Mar 2015 0 0 0 0 5 7 12
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4.2 Meristic Counts

A total of 234 specimens of the six (6) rabbitfisbecies recorded during the present
study were analyzed for meristic characters inclgdspines and rays of all the fins;
dorsal, anal, pectoral and caudal fins as welhasnumber of gill rakers were counted.
Results of the analysis of the meristic charactersthe specimens of the six (6)
rabbitfish species recorded along the Kenya co@ssammarized in Table 6. Results
showed similar meristic counts in most of the speexcept for differences in caudal fin
ray counts irf. stellatus that was different from the rest of the speci@sildrly, Sganus
luridus andS argenteus differed in their gill raker counts, and the twumesies were also

different from the rest of the species in termshefgill raker counts.
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Table 6: Results of meristic characters’ countifier six (6) rabbitfishes analyzed during the study

Meristic character S canaliculatus S sutor S stellatus S luridus S rivulatus S argenteus
Dspines Xl Xl Xl Xl Xl Xl

Drays 10 10 10 10 10 10

Aspines VI VIl VIl VIl VIl VII

Arrays 9 9 9 9 9 9

Pectrays 17 (17-18) 17(17-18)  17(17-18) 17 (17-18) 17 (17-18) 17 (17-18)
Crays 18 18 20 18 18 18
ULSCrays 5 5 5 5 5 5

BCrays 10 10 10 10 10 10
LLCrays 4 4 5 4 4 4

Grakers 10 10 10 10 10 10
ULGrakers VIl VIl VIl VIl VIl \1
LLGrakers 6-7+(17-18) 6-7+(17-18) 6-7+(17-18) 5-7+(15-17) 6-7+(17-18) 4-6+(17-18)
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4.3 Descriptive Statistics for M orphometric M easurements

A total of 234 individuals of the six (6) rabbitfisspecies were recorded for both
morphometric and meristic analysis. These inclu8ezhnaliculatus (60), S. sutor (62), S.
luridus (55), S stellatus (39), S rivulatus (9) andS argenteus (9) individuals. The results
of descriptive statistics of all specimens usethia study are summarized in Table 7. The
sizes of the specimens (SL, meantSD) recorded enstihdy ranged from 20.1+1.7-
22.0+£1.8 for all of the combined samples. On averdd stellatus recorded larger
individuals; (SL, meanzSD) of 22.0+1.8 and body tdefmean+SD) of 46.1+2.3. The
meanzSD for DFbL and AFbL of the same species rmrfgam 64.4+1.7-67.9+1.2 and
41.7+1.8-43.9+1.9, respectivel§iganus stellatus recorded the longest Dorsal and Anal fin
base lengths with mean+SD of 67.9+1.2 and 43.9#&<%pectively. On the other harfd,
luridus recorded the smallest individuals with standardyte and body depth (mean+SD)
of 14.1+1.4 and 34.0+2.2, respective§ganus luridus recorded the shortest Dorsal and

Anal fin base lengths with mean+SD of 56.0+1.7 48cb+1.4, respectively.
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Table 7: Results of morphometric characters amafdean+SD) for specimens of the six
rabbitfish species recorded during the study

Sganus S S sutor S S S luridus
canaliculatus  rivulatus (n=63) argenteus  stellatus (n=9)
(n=60) (n=9) Mean+SD (n=9) (n=36) MeanzSD
Mean+SD Mean+SD Mean+SD MeanzSD
SL 20.2+2 18.9+2.5 20.1+1.7 18.9+2.4 22.0£1.8 14.1+1.4
HD 25.343 23.5+3.0 20.0+1.9 25.2+1.8 25.61£21.6 26.7+2.0
SnL 9.240.6 8.2+0.3 9.4+0.6  9.3%1.0 11.6+0.9 8.510.6
ED 6.0+0.7 6.911.7 6.1+0.7 7.7£0.3 5.8+0.7 7.11£0.9
BD 38.51£2.8 35.5+1.4 38.4+2.0 36.7+2.2 46.1+2.3 34.0%2.2
PDD 23.912 23.0£1.6 24.1+1.3 22.7t1.5 26.3t1.2 23.5%1.2
PPD 22.311.2 21.5+1.4 21.8+1.1 21.7#15 22.5+1.7 21.0+1.4
PVD 30.3£2 29.5+1.4 30.3x1.5 31.1+2.0 33.9+1.1 27.8+1.9
PAD 46.6x+3.6 47.5+3.3 48.1+2.4 48.5+2.8 52.0+3.8 48.2+2.3
PtAFD 26.9+2 25.4+1.3 25.7¥2.4 26.9+1.7 28.4+2.1 27.4+2.2
VIAFD 19.9+2 19.1+1.0 18.9#1.6 19.8+1.4 20.7£1.7 22.0£1.8
DFbL  64.4+1.7 68.1+1.9 65.8+2.5 68.6t1.4 67.9t1.2 56.0£1.7
DFL 36.3£2.5 38.5+2.3 38.4+2.1 39.5+2.1 38.5+2.0 37.6%2.2
GDspL 10.2+1.0 9.8+2.2 10.3+1.7 11.2+#1.5 13.3+1.0 13.6+1.7

PFL 18.0 1.0 15.6+0.8 18.6+1.2 6.9+1.1 20.3x1.1 19.0+2.0
VFL 13.9+1.4 145+1.6 14.1+1.0 14.0+0.8 17.9¥1.3 18.0+1.3

VspL  10.6+0.8 10.2+0.8 10.5#1.2 10.2+0.6 13.840.9 12.4+1.9
AFbL  41.7+1.8 444+1.5 41.9+2.0 43.6%£1.9 43.0£1.9 42.5+1.4
AFL 30.3+1.0 34.6x1.0 29.9+2.0 34.2+1.3 34.1+1.5 31.1+2.1
GAspL 9.5+1.1 11.6+1.2 10.2+1.1 11.0+0.9 14.0£1.0 13.1%1.1
LwJL 5.2+0.2 5.1+0.67 5.2+0.4 4.6x0.4 5.7£0.5 5.4+0.3
LwJW 2.5+0.2 1.9+0.3 2.8+0.3 2.2+0.2 2.7+0.4 2.6+0.6
CPL 10.6 0.8 11.3+1.0 10.7#1.1 11.9%+1.2 10.0+#1.1 10.8%1.0
CchPW 5.2+10.4 4.8+0.4 5.2#0.4  5.1+0.6 6.3+0.1 5.510.4

4.3.1 Principal Component Analysis of M orphometric Characteristics
A total of 118 specimens were subjected to detanedphometric analyses after data

clean-up to eliminate outliers from the originatad®f 234 specimens. The initial PCA
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applied to the data of the six (6) rabbitfish spesis showed clear separation of polygons
for two groupssS stellatus andS. luridus with S stellatus specimens in the positive part of
1% principal component an& luridus specimens in the positive part of?2rincipal
component (Figure 2). The polygons of the other fpeciesS. rivulatus, S. argenteus, S
canaliculatus andS. sutor overlapped in the negative part of tH& @incipal component.
The £ principal component accounted for 64.3% of thalteariation, while 2 principal
component accounted for 47.2% (Table 8). The fatbadings showed that the™1
principal component was defined mainly by ED (0492PD (0.398) and PVD (0.249),
while the 2¢ principal component was mainly defined by PPD 18)3 PAD (0.279),
VtAFD (0.319) and DFbL (0.477) (Table 9). The résuf Mann-Whitney U-test showed
that specimens of gtellatus and S luridus significantly differed in seven of their
morphometric characters; HD, SnL, ED, BD, PVD, DFRbid VFL ¢ < 0.05). The biggest
difference (significant,p < 0.05) in morphometric characters were observeden
characters betweeh luridus andS. argenteus for ED, PDD, VtAFD, DFbL, DFL, GDspL,
PFL, VFL, VspL and CPL. More similar morphometritacacters were observed between
S canaliculatus andS. sutor in which only the ED and GAspL were significantlifferent

(p<0.05).
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Component 2

Component 1

Figure 2: Plot of individual scores on the firstdasecond components on metrics as
percent of standard length of &naliculatus (Cross) S. sutor (Open Square)S luridus
(Oval), S stellatus (Filled Square)S. rivulatus (Circle) andS. argenteus (Diamond).
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Table 8: Total variability of principal componerdsd contributing Eigen values to the
analysis of the six rabbitfish species

PC Eigen value % variance
1 64.3 47.2
2 19.9 14.6
3 11.0 8.1
4 7.0 5.1
5 5.3 3.9
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Table 9: Loading of percentage standard metricenofphometric measurements f8r
stellatus (n = 36) ands. luridus (n = 25) specimens from the Kenya coast

Morphometric characters PC1 PC 2
Head depth 0.169 0.015
Eye depth -0.071 0.050
Snout length 0.494 -0.048
Body depth 0.153 0.002
Pre-dorsal distance 0.088 0.162
Pre-pectoral distance 0.398 0.314
Pre-ventral distance 0.249 0.002
Pre-anal distance 0.117 0.279
Pectoral-anal fin distance -0.027 0.319
Ventral-anal fin distance 0.142 0.477
Dorsal fin base length 0.076 0.104
Dorsal fin ray length -0.025 0.244
Dorsal spine length 0.084 0.193
Pectoral fin length -0.028 0.109
Ventral fin length 0.096 0.182
Ventral spine length 0.039 0.235
Anal fin base length 0.165 0.037
Anal fin ray length 0.045 0.024
Anal spine length 0.014 0.030
Lower jaw length 0.008 0.007
Lower jaw width 0.007 0.039
Caudal peduncle length 0.104 0.012

Caudal peduncle width 0.067 0.319
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To test the effect of distance on morphometric ati@rs of the same rabbitfish species
from different geographical locations, PCA was @&aplto the data of each species from
two different landing sites. Analysis f@& canaliculatus, S. sutor and S. stellatus was
performed on the data recorded from Malindi and géarwhile forS luridus, data from
Shimoni and Malindi was analyzed f8rluridus and data analyzed f@& argenteus was
collected from Shimoni and Msambweni. The PCA rssidr the five (5) species showed
no clear separation of polygons. However, PCASmivulatus data recorded only in

Msambweni (n=9) and Malindi (n=9) resulted in aacleeparation of the polygons.

The Malindi specimens were located in the negapiae of the 1 principal component
while the Msambweni specimens were in the posijtiaet of £'PC (Figure 3). The®1PC
accounted for 54.7% of the total variation while £ principal component accounted for
19.6 % (Table 10). The factor loadings showed that ' principal component was
defined mainly by HD (0.224), ED (0.229), PDD (®G23PAD (0.396), GDspL (0.219)
and GAspL (0.204) while the"2PC was defined by HD (0.625), PAD (0.312), DFbL
(0.389) and DFL (0.371) as shown in Table 11. hengubsequent analysis Mann-Whitney
U-test for specimens db rivulatus from Msambweni (south-coast) and Malindi (north-

coast), showed significant differences in ED ands@A(p < 0.05).
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Figure 3: Plots of individual scores on the firstdasecond principal components as
percentage of standard length ®rivulatus specimens collected in Msambweni (Cross)
and Malindi (Open Circle) along Kenya coasts
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Table 10: Total variability of principal componerdgad contributing Eigen values to the

analysis ofS rivulatus specimens from Msambweni and Malindi landing sit@®ng
Kenya coast

PC Eigen value % variance
1 42.6 54.7
2 15.3 19.6
3 8.5 11.0
4 4.7 6.1

5 3.4 4.3
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Table 11: Loading of percentage standard metriasaphometric measurements on PC1
and PC2 foiS rivulatus specimens collected from Msambweni and Malindhgl&enya
coast

Morphometric characters PC1 PC 2
Head depth 0.224 0.625
Eye depth 0.134 0.124
Snout length 0.096 0.072
Body depth 0.229 0.041
Pre-dorsal distance 0.235 0.063
Pre-pectoral distance 0.196 0.022
Pre-ventral distance 0.125 0.089
Pre-anal distance 0.396 0.312
Pectoral-anal fin distance 0.121 0.157
Ventral-anal fin distance 0.020 0.087
Dorsal fin base length 0.099 0.389
Dorsal fin ray length 0.027 0.371
Dorsal spine length 0.219 0.198
Pectoral fin length 0.080 0.100
Ventral fin length 0.105 0.185
Ventral spine length 0.083 0.047
Anal fin base length 0.136 0.207
Anal fin ray length 0.050 0.089
Anal spine length 0.204 0.068
Lower jaw length 0.087 0.037
Lower jaw width 0.001 0.021
Caudal peduncle length 0.001 0.112

Caudal peduncle width 0.046 0.003




38

4.4 Length-Weight Relationship

A total of 1320 rabbitfish specimens from the $) landing sites along the Kenya coast
were analyzed for LWR. LWR results of the six (@blitfish speciesecorded from all the
six (6) landing sites are summarized in TablesTh2 results show that estimatedalues
ranged from 0.736 to 3.537. The highbkstalue 3.537 was recorded from the analysis of
S luridus for Mombasa data, while the lowebtvalue 0.736 was obtained fro®
canaliculatus for Malindi data.

Table 12: Length-weight relationship of six rabistfspecies recorded along Kenya coast.

(n = sample size; a = regression intercept; b gtlerxponent;r= coefficient of
determination)

Species Site Parameters
n a b re
S canaliculatus  Vanga 65 0.372 2.725 0.908
Shimoni 90 0.248 2.625 0.948
Msambweni 108 0.353 2.831 0.963
Mombasa 57 0.530 2.898 0.906
Kilifi 65 0.221 2.681 0.614
Malindi 83 0.542 0.736 0.983
S sutor Vanga 93 0.199 2.554 0.948
Shimoni 83 0.302 2.700 0.973
Msambweni 87 0.221 2.681 0.788
Mombasa 52 0.857 3.045 0.957
Kilifi 82 0.627 2.947 0.957
Malindi 30 0.018 3.370 0.814
S luridus Shimoni 114 0.358 2.855 0.585
Msambweni 76 0.022 3.537 0.878
Mombasa 82 0.957 3.194 0.955
Kilifi 82 0.627 2.947 0.957
Malindi 16 0.505 2.958 0.972
S stellatus Shimoni 38 0.460 2.914 0.992
Msambweni 27 0.434 2.855 0.964
Malindi 65 0.372 2.725 0.908
S rivulatus Malindi 4 0.030 1.967 0.378
Msambweni 5 0.131 2.339 0.988

S argenteus Msambweni 7 0.055 1.904 0.982




39

4.5 Condition Factor (K) of Rabbitfishes

The calculated condition factors for the six ()bwfish species ranged from 0.46 to 3.53.
Total number, range for condition factor and theami¢-values for the six (6) specieS;
canaliculatus, S sutor, S luridus, S stellatus, S rivulatus andS argenteus are presented
in Table 13. The results show that tevalues (mean+SD) ranged from 1.22+0.37 to
2.64+0.08. The highest mean of 2.64+0.08 was recbfdrS. argenteus, while the lowest
mean of 1.22+0.37 was obtained ficanaliculatus values.

Table 13: Estimated mean values of condition fa¢kdr range and sample size (n) of
rabbitfish specimens examined during the study

Species Number of Species Range MeantSD

S canaliculatus 468 0.88-2.86 1.22+0.37
S sutor 465 1.26-3.53 2.08+0.43
S luridus 302 0.46-2.87 1.24+0.56
S stellatus 81 1.66-2.33 2.07+0.19
S rivulatus 9 1.46-1.75 1.57+0.03

S argenteus 9 2.26-2.98 2.64+0.08
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CHAPTER 5: DISCUSSION

In the present study, six (6) species of rabbitiisnre recorded at the six (6) landing sites.
There were variations in the number of speciesrdezbper site with Msambweni being
the most specious where all the six, (6) speciag werordedSganus canaliculatus and

S sutor occurred in all the six (6) sites, whiteargenteus was only landed in Msambweni
and Shomoni. On the other harfl,rivulatus was only recorded from the Malindi and
Msambweni landing sites. The differences in the leinmof species recorded at various
sites may be indicative of spatial differenceshia tistribution of rabbitfishes along the
Kenya coast some species exhibit a wider distiwinutvhile others such & rivulatus and

S argenteus have more restricted distribution patterns. A gtadnducted in Philippine by
Lavina and Alcala (1974) reported thatargenteus occurred in the open ocean. In the
present study, the two specieS; rivulatus and S. argenteus were caught between
September and March coinciding with the spawningregation period of rabbitfishes
(Robinson and Samoilys, 2013). The spawning agtjmygalso commonly referred to as
Vumbi la Tafi (in Swahili) by the local fishers. Consequenttyisilikely thatS. argenteus

migrates from the open ocean to inshore waterpdws during that period.

The results of the present study indicate seasaar&tions in the distribution, with high

number of species and number of individuals reabrdaring the NEM season as
compared to SEM. The difference in number of sgeridNEM may be related to calmer
conditions experienced during this season whichlbes reported to result in improved
artisanal fish catches (Obura, 2001). Howeverpitld as well be related to the spawning

aggregation which has been documented to occuhenNEM season (Robinson and
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Samoilys, 2013). The fewer species and low numbérdividuals recorded in SEM may
be attributed to rough conditions of the sea expeed during that season. It is noteworthy
that some species such &sstellatus which are considered as low value fish by thelloca
dealers compared %@ canaliculatus andS sutor, are often retained for own consumption
the fishers and rarely landed or brought to thenaparket. However, in the present study,
higher landings o8 stellatus at the open market were realized after the resesdfeled to

buy the species at the same price paidfeanaliculatus andSsutor by the dealers.

A total of 1,554 individuals of rabbitfishes werecorded during the study, with more
specimens collected in the south-coast landing siteampared to the north. Relatively,
more species were also recorded in the south-toastin the north. These findings could
probably be attributed to the difference in coesdfrand sea grass cover between the south-
coast and north-coast Kenya. Obetal. (2002) reported that the fringing reef along the
Kenyan coast extends about 200 km long, with donticaral reef and sea grass cover in
the south coast while coral reef and sea grassr @eepatchy in the northern part of the
coast. This may be as a result of river dischaagelscloseness to the Somali current which
pumps cold (17-22 °C) and highly nutrient rich (abb to 20um of nutrient) sub-surface
water to the coastal region creating one of thetrposductive ecosystems in the ocean.
The coral cover interspersed by sea grass bedsuth soast Kenya is estimated at 19.5%
compared to 11.1% in the north. The difference pecges numbers and individuals
recorded may also be attributed to variation ihifig pressure, habitat characteristics or

recruitment variability between south and northstdishing areas (Obust al., 2002).
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Local names are also important in identifying sarakebitfish species whose names are
area-specific e.grafi mwarumba/mayai/kitumbo refers toS. luridus while S. stellatus is
locally referred to adsrafi mwamba/manga/mayenge/ziwa. Sganus luridus can also be
identified based on the fact that it is gravid &yout 8 months in a year, and the local
fishers have christened this speciesTaf mayai au Tafi kitumbo. Other speciesS.
canaliculatus, S sutor, S stellatus, S. rivulatus and S. argenteus are reported to have
specific spawning seasons spanning between Jaretrygary and May-June (Ntiba and

Jaccarini, 1990; Kamukuru, 2009); November-MarcbliRson and Samoilys, 2013).

The meristic counts of all the six (6) rabbitfighesies examined in the present study were
similar in most species. The only differences foundhis study were the number of
caudal-fin ray counts fd8 stellatus that differed from the counts of the rest of the@es.
Furthermore, gill rakers counts differed betw&ehuridus andS. argenteus and as well as
with the counts for the rest of the species. Vemest in meristic and morphometric traits
within a species or among closely related specassheen attributed to a combination of
environmental and genetic factors interacting @ dbveloping embryos (Fowler, 1970).
However, this was not investigated and thus cabaaitated with certainty for the present
analysis.

PCA results on morphometric measurements of th€&gixabbitfish species did not show
clear separation of polygons f& canaliculatus, S. sutor, S. rivulatus and S. argenteus
specimens suggesting these species have similar imadphometry. However, Mann-
Whitney U-test revealed significant character défeces in, ED, BD, PPD, PVD, DFbL,

DFL, GDspL, PFL, AFbL, AFL, LwJL and CPL. Howevéehe in LwJL is mostly related
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to feeding habit and variation in habitat charastexss where the fish lives. Tharwat and
Al-Owfeir (2003) reported that difference in thadghs of the lower jaw in some species
could be attributed to the fact that some rablhéfss were planktivorous while others

herbivorous.

Clear separation of polygons f@& stellatus and S. luridus specimens reflects high
morphometric differences between the two (2) seare also from the other four species
where the polygons showed no clear separation. Maan-Whitney U-test results
confirmed a high magnitude of significant charadéferences in HD, SnL, ED, BD,
PVD, PtAFD, DFbL, DFL and VFL. Similarly, specimentthese two species differed in
the number of their caudal fin rays and gill rakeFhis implies thatS stellatus and S
luridus; S luridus andS. argenteus differed significantly in their morphometric chaters.
Therefore the species can be easily distinguisimeth® basis of their body morphometric

characters only.

Results of the PCA of Vanga and Malindi specimeamdicated no clear separation of
polygons for three (35 canaliculatus, S sutor and S stellatus. Similar results were
observed forS argenteus from Shimoni and Msambweni, as well &sluridus from
Shimoni and Malindi. These findings suggest thatftlie (5) rabbitfish species are fairly
similar in their body morphometry regardless ofitlggographical locations along Kenya
coast. Howeves. rivulatus specimens from Msambweni and Malindi resulted iclear
separation of polygons. This separation of polygonspecimens of this species from the
two fishing areas could be due to geographicakismt of the species leading to some

degree of stocks differentiation of the same spediee to variation in habitats
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characteristics. However, it is also probable thatspecimens from the two (2) sites may
belong to different species. Previous studies bytd000), Poulett al. (2004) and
Turan (2004) suggest that morphological differerzas also occur within species due to
genetic and environmental factors during the est®ges of fish growth. Mann-Whitney
U-test results confirmed that the specimens froetivo locations significantly differed in
two of their morphometric characters, ED and GAgpkyefore, to differentiate specimens
of S rivulatus from the two geographical locations only ED andspAwould be useful
Knowledge of LWR and condition factdK) of fishes is important in fisheries science (Le
Cren, 1951). The length-weight relationship analysf data for the six (6) rabbitfish
species examined from the six (6) landing sitesx@l&enyan coast showed a strong
correlation between length and weight with coeéfitiof determination values?) ranging
from 0.378-1.0. The estimatddvalues for rabbitfish specimens from most landsitgs
ranged between 2.554-3.537 which are within expectage of 2.3-3.5 proposed by
Bagenal and Tesch (1978). The estimatedhlues for rabbitfish specimens from most
landing sites ranged between 2.554-3.537 whichwatiein expected range of 2.3-3.5
proposed by Bagenal and Tesch (198)canaliculatus with b-values ranging between
0.736-2.8. Rabbitfish species from various landitgs exhibited mixed growth patterns
e.g. three rabbitfish speci&s sutor, S luridus and S stellatus with b-values ranging
between 2.55-3.194 displayed isometric growth patteowever, growth pattern fds.
luridus in Msambweni was positive allometric. On the otlieand, S canaliculatus

exhibited isometric growth in all landing sites egtfor Malindi specimens that exhibited
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negative allometric growth pattern a similar resolitained forS argenteus and S

rivulatus.

The LWR parameters computed for three (3) rabbitfigecied-values; 0.736-3.370 f&
stellatus, S. canaliculatus, andS. sutor respectively. These are comparable vbivalues of
2.597, 2,800, and 2.716 reported by Wandtigl. (2008) but are different from 3.12-3.37
reported forS. sutor by Mbaruet al. (2011). Theb-values obtained in this study compared
well with 2.939 forS sutor reported by De Souza (1988). Results of LWRSduridus, S.
rivulatus and S. argenteus obtained in this study are reported for the finste in Kenya,
therefore no previous results are available forganmson. The results of this study showed
that there were differences in LWR of different plgtions of the same species. The LWR
between fish species and different populationshefdame species can be affected by a
number of factors including season, habitat, gomadurity, sex, diet, and preservation
technique of samples and sample size which mayhéecause of variation ib-values

computed in various studies (Mousavi-Satietl., 2014).

The mearK-values of the six (6) rabbitfish species sampled@the Kenyan coast were
>1.0, which indicates good physiological conditiointhe fish species along the Kenyan
coast during the study period. The mé&awalues calculated in the present study for the
three speciesS stellatus, S canaliculatus, and S sutor; 2.07£0.19, 1.22+0.37 and
2.081£0.43, respectively, are comparable to estisnaté 1.47+0,021, 1.259+0.010,
1.317+0.008 reported by Wambgt al. (2008) and 1.0-1.18 and 0.9-1, for females and

males ofS. sutor reported by De Souza (1998). However these valifessed from those
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(0.14) reported by Mbaret al. (2011) which could be due to variations in sangli

strategies.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

This study established the occurrence of six (&cis of rabbitfish in Kenya inshore
waters with spatial and temporal seasonal diffegsme abundance. Four (4) of the six (6)
species generally showed similar body morphometng, atherefore could not be
distinguished from PCA analysis. On the other han, (2) speciesS stellatus and S.
luridus differed from each other and from the rest of $pecies. Meristic counts were
similar for most species except farstellatus andS. luridus that differed in caudal-fin rays
and gill-raker countsSganus luridus andS. argenteus differed in their gill-raker counts

and as well from the counts for the other species.

While existing species description are useful iantifying live specimen, landed and
preserved specimens could be more easily distihgdisy other characters such as
caudal-fin shapes and markings on the specimerdy bad fins that remain visible. This
study provide additional morphomeristic charactesseful in differentiating landed and
preserved specimens of the rabbitfish species. Bagpon the present morphological
characters analysis no clear evidence was obtdmdating the existence of separate
stocks of the same rabbitfish species along Kewgast except fos. rivulatus specimens
from Msambweni and Malindi which could either bea®te stocks of the same species or
two different species. Therefore, their clear safy@n would require further analysis with
recommendation for more analytical process usinguacke technology such as molecular

genetics.
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6. 2 Recommendations

1. There is need of further research on the taxonofm$§. oivulatus including the
analysis of its molecular genetic variation to @onfwhether populations in the
south Msambweni and north Malindi are differentck®of the same species or are
actually different species.

2. There is a need for revision of existing taxonodescriptions to include additional
distinctive characters documented in this study rimore accurate and quick
identification especially of landed and preservgukcamen given that colour
patterns and markings fade upon death and pregsrvat

3. There is a need for further research to underdtatdrs influencing the spatial and
temporal distribution of the rabbitfishes along Kenya coast. This should include

any seasonal movement or migration.
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Appendix 1: Scientific and common names of rabdliiis (Plates 1-6) recorded along
Kenya coast in the present study and their origilegicriptions as in Anam and Mostarda

(2012)

Plate 1:Sganus argenteus, Quoy & Gaimard, 1825

a0

Streamlined rabbitfish with a forward- directedrepin front of dorsal fin, embedded in

nape; longest dorsal spines are from the 3rd"tspnes; caudal fin is deeply forked with

pointed lobes. The species is light blue to blgsty or brown with several spots which

can join to form horizontal wavy lines, mostly @mwler sides; colour fades rapidly at death
so that head and trunk may be solid brown; prexjiles are reported to be yellow-brown

to silver below.

Plate 2:Sganus canaliculatus; Park, 1797

FAQ



59

White-spotted rabbitfish head profile is slightly markedly concave above eye; has
forward-directed spine in front of dorsal fin; calidin almost emarginate in specimens
under 10 cm, forked in larger fish. In life, colaarhighly variable, depending on mood of
fish and colour of substrate; greenish-grey abovsilver on belly; numerous pearly blue
spots covering nape and sides, arranged more ®rresorizontal rows; frightened and
injured fish is mottled brown.

Plate 3:Sganus luridus; Rippell, 1829

Fal

Dusky rabbitfish has forward-directed spine inntrof dorsal fin; scales minute; cheeks
with a few or many fine scales; 15-20 scale rowsvben lateral line and bases of leading
dorsal-fin spines; anal fin with 7 spines and 9 says. Head and sides olive green or very
dark brown in colour; sides often conspicuously kedrwith pale reticulating lines, but
sometimes patterns are very indistinct and disappeat death; pectoral fins hyaline-

yellow.
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Plate 4:9ganus rivulatus; Forsskal & Niebuhr, 1775

Fan

Marbled rabbitfish has forward-directed spine ionfr of dorsal fin; caudal fin only

moderately forked; scales minute; 18-21 scale rbetveen lateral line and bases of
leading dorsal spines. Head and body brown or gresn, grading to pale below;
horizontal golden lines running the length of thady to 2/3 of sides; lines becoming
indistinct after death.

Plate 5:Sganus stellatus; Forsskal, 1775

Brown-spotted rabbitfish has forward-directed spiméront of dorsal fin; scales minute;

cheeks strongly scaled; 23-28 scale rows betwdenaldine and base of leading dorsal
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spines. Colour in life, is grayish-green with brogmots all over head and trunk, spotted
pattern extending onto all fins; the spots becormey wark brown and the intermediate
areas pale to dark lilac; trailing edges of softtpaf dorsal and anal fins, perimeter of
caudal fin and a saddle over the caudal pedundheaikedly paler than the rest; a dark
patch of about the size of orbit present at ordjifateral line.

Plate 6:Sganus sutor; Valenciennes, 1835

Shoemaker rabbitfish has forward-directed spindramt of dorsal fin; scales minute;
cheeks either scale less or with a few or many fieg/scales; 26-31 scale rows between
lateral line and bases of leading dorsal spinefu€an life, is green-grey to sandy above,
paler below; sides with about 30 large spots, #rgest bigger than the pupil; spots are
evenly spaced over sides in 6 irregular rows, thgeurow lying close to lateral line; after
death, brown mottled with dark brown; spots absent.



