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INTRODUCTION

The growt h rates of a great many littoral marine aninals

iiv inc~ in tc 7erate and cold climates have been investigated . Lit—

erature concerning intert idal forms has been rev iewed by :-;oore (1958)

and ~Je -rell (1961i ) , while ; ilbur and ~wen (1961~) hav e asserTtbled

in~ or’ ation on riollusc ~r -y-rth . Growth rateu of marine tropical and

subtropical. f o r ms  are , ho - ever , coniparativeig little known .

(
~ro~-rt h ra’u~cs and other asmects of the  ecolog y of a number

o~’ tropical anima ls  in ~arbad us , .est in-~~es , i’nve been investieated

(he~ iz , 1958 , 1960 , 1961, 1963 , 1)66). ~ini1arlg at i- iami growth

rates of a series of tropical forrn~ have already been studied (Moore

et al., 1963a, 1963b; acpherson 1965, 1968; Lenderking 195ti;

-:oiipinsk5. 196)j). Goodbody (1962, 1963) has investigated ascidiari

growth rates in jamaica while growth of littoral forms in Puert o F:ico

has beer studied by ~J. Landau ~i961i ) and H. P.andall (196li).

These studies ind icate that different rates of growth may

be f ound for the same saecies ~-dth in  the Caribbean. For exarnle ,

the sea urchin Trinneustes matures in a sing’,e year in ~arbados and

reachcs a sLze of C cm test. d iameter (Lewis 1958) , wbile at ~i~tr~i

it ampeara t o rroty a little more siowl~ and to nature f irst at a

ali~ht1y mreater size. Both this snecies and the urchin ~~techinus

variegatus grow faster at l iani in the winter than in surmer

(Moore et al., 1963a, 1963b). There annear, then , to be latitudinal

variations in growth rates in the Caribbean. It ‘is the nurnose of

th~ present stu dy to con sider to :~at extent latitudinal differences

in rro’-rth rates ray exist in sore intertidal molluscs in the Caribbean.

- ._~~~~~~~~~~~~~~~~~
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A recent paner by .~n~ el1 (1966 ) on th e ~-rowt h of ahe ~~~~ 

arc enar ia  s owed t h -t  in ihe north of its range , cro- :tL ~<ec

o n l y  :h1rinc ahe  summe r , - h u e fur ther  south  Rr owth is continuous

In i ~~~~ th e -~-a r. - ‘-r o~~ h stopne d - e n  environmental  temneratare s

- -:a r~ h- ~1ow 9°C and above 30°C. ~n ontim cr’. ten-nerat~ re of 2~ °C was

n~~’~c a c ~ for ~rowt h and the relationship between ter-~ erat ’ire and

— no ~-th  a a ~ ared tne same t h r au r h a ~it the  reo~-ramhical r a n g c -. ~on~~~ erable

ioca variations in croytt ,  r-~tes were recorde ’~ and “ac tor s  at~ € r

am t a- -~erature  I-~ere 5 1 ~~~~Cs t~ d as limiting r~w th .  h iml la r l - .’, €hn el

~ u~~r~~ ) f o i l con sideral le  comp ensatton for  low t~~ ne r a t ir ec  a.t t::e

mo ’~thc rn end of ’ a. geonranhica l smec~ es range and s~i~~ as t ed t h - t  a

m c m I c r  of’ factors  influenced c~corramhical d rffer ences  in cr -owth rotes .

~im~~ factors are Lnovrn to affact rrowth rates of moT 1~~ cs.

(
~~r,ad na t ’~r~t ion , ace , temierature , food suonly , envi ronment a l  and

bio tic  fac tors  all ave been sho~~ to al~ r r  rrowth rates ~lu~ :ell

~~-li9; rton 191) , 1928; Allee 1930; oore 1938; Tho~ os on l~~~2;

ox and oe 19)12, 19)13; Carter 1951; uavle 1951; d& nel l9f ~~;

rt on ~t ii. l9~6 ; il iars 196Lj a , l9ôtib; Frank l9uSa , l9d5b , l u ~-c ,

1;69).

The reduction in growth rate d~i r th~ ronad maturation is

t o  be due t o  the ene~~~ loss required t o elaborate gonads

-~-d sex nroducts. Lawrence, Lawrence and Giese (1965) worked with

chitons and found tF - - - e was an inverse relation between d ic-estive

miard c-rowth and gon.~J cycles. They sucgested that nut ritive demands

of ~- onad growt h might be a factor in the reduction in size of the

digestive gland . it was not possible to say whether gonad growth

I-
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was due to d irect transfer of stored material from the digestive

gland. These workers did , however, commen t on the very close

association between the gonad and the digestive gland in molluscs

and noted that the digestive gland is an organ of energy storage .

Ort on (1920) and Moore (1958) have suggested that con-

tinuous breeding is common in the tropics. It is inferred that flue—

tuat ions of growth rates , caused by the seasonal gonad maturation,

is therefore not significant. In some animals, even thoug h there

are definite pronounced breeding seasons, there appears to be no

reduction in growth rate (Loosanoff and I.omejko 19)19; ~~ayle 1951;

Leighton and noolootian 1963; Iilliams 196)1b).

The effects of temperature on growth rates of molluscs have

been considered by several workers (Russell 1909; Quayle 1951;

Taylor 1959, 1960; Ui11iai~s 196!~a, 196bb; Kolipinski 196)1). In

most cases the growth rates increased with increasing temperatures.

It has also been found , h owever, that excessively high terperatures

can , if prolonged , cause death. Mayer (191)1) stated that the effect

of increased temperature is felt to a greater extent in tropical

animals than in temperate or arctic forms. This, he concluded , was

probably due to the fact that tropical animals live within 100 to

15°C of their unner death temperature.

Thorson (1936) and Debnel (1955) have found , howeve r, t hat

larval growt h of arctic molluscs is faster than forms from more

southerly Latitudes. This anpears to be an adaptation of these

northeni pelagic animals to allow them to take full advantage of

the short prod uction season in the arctic.

_______ 
L.
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It has been generally recognized that growth rates decrease

with increasing age (Carter 1951). In sore cases , growth has ceer.

sh own to  cease after sexual maturity has been reached . hoore ( : 9 3 6 )

found this to be the case in the gastropod P urpura lapillus.

Food supply and its effect on growt h rate has been investicated

by Fox and Coe ( 19L~2 , 19Lth ) , Leighton and Boolootiari (1963 ) and

Frank ( 1965a , l965b). It was found that abund ant food s~ pn1ies ,

eff iciency in foraging , an increase in time available for feedina

and food ol’ high nutritive value all produced increases in growt h rate.

Several authors (Colman 1933; Nort h 195)1; •-oore

~eyer and ~J ’Gower 1963; Lewis 19614 , and others ) have recognized the

c~-reat influence of wave action on distribution and zonation of orc an-

isms in the intertidal habitat. Changes in shell shape and size

accompanying increasing exposure have deen noted by several researchers

M~ussel1 1909; 3rt on 19114; Abe 1932; Moore 193) 1; Segal 1956;

Lara and ..righ t 196)1; ..illiams l96)1a; Frank 1965a). The maj ority

of authors have inferred that the higher living intertidal animals

developed thicker shells and exhibited slower growth rates than

forms occurring lower on the shore.

fliot ic factors , such as competition and crowding, have been

suci-ested (Allee 1930; Conriell 1961; Frank 1965a; Forster 1967)

as causing decreased growth rates.

Several renorts on the growth rates of members of the gastropod

family Neritidae have been documented . ~‘1oodward (1892) described the —

mode of growth and the structure of the shell of Velates c noideus (Lam.)

and other Neritidae. Andrews (1935 ) studied shell repair in Neritina.

_ _ _ _ _  - L
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?loLinir~ski (196Ij) described the life history, growth, and ecology

of four -lerita soecies. recently ~
‘xelsen 196 ) and Thislett (1969)

studied the growth rates of three snecies af ~erita in Barbados.

MATERIA1~ A ’ ~fT~

Six smeeles of intertidal nastropods which are cor~ion through-

out the Caribbean were chosen for study. They were ~ittorina ziczac

Grelin , :rod out.torina tuberculata enke, Tectarius muricatus Linne,

harita oeloronta Linne, ~erita versicolor Grelin and ~‘erita tessellata

haclin.

:me ~-rowt h rates of’ the six smecies cons idered were determined

b’ two methods; b~ the recanture and r.easurar’.ent of marked ind ividuals

and b~ the  determinatiw- of size frequency distributions from rand om

• sammlc:. ..t a—nroximatelv monthly ~nterva1s, between 330 and 500

snecirens of each species were collected from t he various stations

in 1-arbad o s and Ja~”aica. These samples were collected at ran d om

from alona a line ne rpend icular to the sh ore from the lower to upper

lim *t  a ” each snecies. All the individuals in this transect were

collected and although the sample was not taken from the same position

each month , it was collected in the sane area. The maximum shell

:ength (~ olininski 19614) of each animal was measured to the nearest

0.1 ~a orith a micrometer. AU animals ~ere returmed to the sampling

area wh en the measurements were comnleted.

Markirw of individual animals was accom~a1ished by attaching

small numbered plastic tags ~o the shells by means of an enoxy resin

glue. The tags were supplied by the r~owitt Plastics Co. of Molafla,
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Oregon. They were of dimensions 1/16” x 1/8” with serial numbers

from 1 to 999 stamped in black on them. Several colours were

available. The cement took several hours to dry, after whic h the

animal was returned to the point of collection. Marked soecimens

were recovered each month , remeasured and returned to the point

of’ canture. Approximately 1000 of’ each spec ies were marked at

each field station.

Standard statistical procedures (Stanley 1963) were used

throughout for the analysis of population structure and growth rates.

The details of these procedures are noted in the relevant sections

of the renort.

FIELD STATIO~~ - BARBADOS

Four main stations were ch osen for this study , at Little Lay,

Hey-wood’s Beach (Six Men ’s Bay), h arrison’s Lighthouse and South

Point (Fig . 1).

Little Bay (Figs. 2A, 3) :

The Little Bay station was similar to the east coast station

described by Lewis (1960). This station was exposed to the prevailing

north—easterly and easterly winds, (Sailing Directions , 19)18), and

was subjected to heavy wave action particularly during the winter

months . The area consisted of a seaward platform , anproximately

at mean sea level, varying in width from 5 to over 30 meters and

200 meters long. The platform rises to meet the landward limestone

cliffs by a series of more or less sudden elevations. There were

boulders and debris along the base of the cliffs. The whole area
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BARB ADOS

~~~~~~~~~~~~~~~~~~~~~~~ 
BAY

I 1~ — LJTTLE BAY
SIX MENS BAY-N

HEYWOODS

PAYNES BAY-... 5MLS .
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SOUTH POINT/ SILVER SANDS I
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ST. THOMAS
FIGURE 1 MAPS OF BARBADOS AND MORA I

JAMAICA SHOWING LOCATION POINT
OF STATIONS.
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FIGURE 2A GENERAL VIEW OF STATiON AT LITTLE BAY,
BARBADOS .

FIGURE 28 GENERAL VIEW OF STATION AT HARRISON ’S
LIGHT, BARBADOS . 

. _ . _ : _
~. ~— — —~ 
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FIGURE 3 DETAILED VIEW OF STATION AT LITTLE BAY
- BARBADOS , SHOWING ZONATION .
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was covered by depressions and crevices, affording protection from

wave action . The vertical profile contained the six faunal zones

described by Lewis (1960). The six mollusc species invest igated

were found in the mid and uppe r intertidal regions (the raid -littoral

an~- s-~pralittoral zones of Stephenson and Stephenson, 19149).

Hey-wood ’s Beach (Six Men ’s Bay) :

This station is situated on the west coast of Garrados.

Tt is not in the line of the prevailing wind s and is subject to

only moderate wave action. It consists of a low lying platform

of beachrock , similar to that described by Lewis (1960), 35 meters

long and 10 meters wide, which is fully exposed at low tide. The

outer edge is deeply fissured and has a very irregular s irface with

many cracks and holes. The horizontal surface is also very raurh

and irregular. It supports a heavy growth of algae such as Clad ophora,

Centroceros, Ceramium, Neomeris, and Caulerpa spp. N. tessellata

and the barnacle Tetraclita squamosa are the two dominant forms .

The farmer tend s to  cluster in small depressions and reaches a

densit y of 60 animals per square meter. N.  versicolor and ~~. peloronta

are entirely absent from the platform, while N. tessellata is abundant.

Harris on ’s Lighthouse ( Fig. 2B) :

The Harrison ’s i4ghthouse station on the north-west of the

island was largely protected from the prevailing winds. As a result,

rough wave conditions occurred infrequently and these were usually

long period waves from storm conditions originating some distance

from the island. This station was similar to Little }3ay exceot that

it was on a much smaller vertical scale. The area under study extended

, ‘4
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f or about 200 meters along the shore. The platform at mean sea level

varied in width from less than a meter to a maximum of 3 meters.

The limestone cliff , landward of the platform , reached a maximu m

height of L1 meters. From the top of this c liff, the land sloped

inwards by a stee n escarpment to a height of about 100 feet. The

zonati on here was of t he same type as that at Little Bay but due to

£‘enerally reduced wave action it was vertically compressed. There

~-:ere also many surface rock denressions and crevices here to afford

nrotect~ on to the fauna.

South oint:

The station at South Point received even less wave act ion

than i arri son ’ s Lighthous e because of protection from the prevailing

win ds. There ~xas a fringing reef wh ich dissipated most of the

energy of the sea swells. The land sloped mently to the -sea with

a maximum height of 1.5 meters at the seaward escarnment and an

avera~’e iei ght of about 0.5 meters. The land vegetation came to

within an averare distance of Li to 5 meters of’ the water’s edge.

This area was greatly eroded ar~ was covered hn crevices and deep

holes. The typical zonation previously mentioned was unrecognizable

for the most part due to the absence or narrowness of some of the

zones.

FIELD STATT.OT!S - JAMA ICA

Three fie~ tations were selected for study in Jamaica at

~orant Point Lighthouse, Green Castle and St. Thomas (see Fig. l).

I
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1~orant Point Lighthouse (Fig. LiA ):

This station is situated at the extreme eastern end of the

island where it is fully exposed to prevailing north-easterly winds

and ocean swell. The roc1~r shore slopes gently ~dth only a

d iff erence of about one meter between the top of the shore and the

seaward edge. The width of the shore varies between 20 to 30

meters and the zones proposed by Stephenson and Stephenson (1949)

in Florida could be recognised. The gradual slope of the shore

thus extends the intertidal region over a relatively large area.

The three species of iJerita are all abundant in this area.

Green Castle (Fig. loB):

This site is situated on the north-east coast of Jam aica

and tJ.e coastline consists of a series of’ si~all cliffs  about 20 feet

in hei ght- fully exnosed to wind and waves. Since the shore is

steen the intertidal zones are narrow and this limits the areas

available to the intertidal fauna.

The tops of the cliffs are very rough and pitted and,

excent on calm days, are moist from sea spray. Large numbers of

T. muricatus ~ire found on the tops of these cliffs , wh ile N. tuberculata

and S. ziczac are more common in the lower regions wI ich receive

more moisture. The intertidal region at this site can also be

suhd ivided into zones suggested by Stephenson and Stephenson (19149).

There is a large supralittoral. fringe which could be subdivided

into white, grey and black zones with a snail mid littora]. zone at

the base of the cliff. -
~

_ 
_ _ _  

_ _  

1~______ — - ~~~~~~~~————~~~~~~~~~~~~~ —— - — ~~~ -
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FIGURE 4A GENERAL VIEW OF STATION AT MORANT POINT,
JAMAICA .

-- . . ~~~~~~~~~~~~~~~~~~ -~~~~~ -.~~- ~. ~~~~~~~~ --“

~J ( .~~~14ja~~~ ~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~ - .
. -

FIGURE 4B GENERAL VIEW OF STATION AT GREEN CASTLE ,
JAMAICA .
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St. Thomas:

This site is on the south coast and consists of a series

of small cliffs and outcrops of rocks varyin g in height fr:rr 3 to

10 feet. It is not an exposed region and is situated in a

relat ively dry part ol’ the island. Some of the rock ~~~~r~’s receive

a c r as iderable amount of splash on windy days. Large punulations

of L. ziczac and N. tuberculata are found here. T. muricatus is

found in large numbers on the small cliffs in the suprali~-toral zone.

The grey and white zones are wide; there is a small b~~cic zone at

the base of the cliff and a very narrow upper yellow zone below this.

The latter zone is often covered with sand.

ENVIRONNE NTAL FACTORS

Daily weather records were obtained from representative

stations in both Barbados and Jamaica over more than a two year

period . At Little Bay, North Point and at i~arrison’s Point in Barbad os ,

weather stations were set up to record daily maximum arid minimum

temperatures , da ily rainfall, relative humidity and wind . In

addition, temperature observations were made in the immediate environ-

ment of the animals themselves , in order that the relationships

between microclimates and general site conditions might be asse0sed.

Comparison of site conditions can also be compared with data

available from the Government meteorological stat ton at Leawell air-

port on the south coast of Barbado’.

Similarly.’, records of daily temperature, rai~f~1l, relative

humidity and wind were obtained from stations at Green Castle and

A
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Moran t ~‘oint in Jamaica. Detailed meteorological data were available

from November 1965 to July 1967 for Morant Point Lighthouse and were

supplied by the .Test Indies Meteorological service at i~a1isadoes.

Daily readings of minimum and m aximum air temperatures were

available together with readings taken at three hour intervals of

wind speed , wind direction, cloud , relative humidity, baromctric

pressure and dew point. A station was set up at Green Castle in

July 1966 and daily readings of rainfall, temoerat ure and relative

humidity were recorded. ~-Jtnd measurements were taken for one month.

icroclimatic data were taken at the different sites, as in

Barbados , whenever 4
~~ey were visited f rom April 1966. Temperatures

were taken wi t-h a thermis t or of d i f ferent  parts of the roc k , such

as the rock surface , holes , crevices and rock pools . Uind speed

measurements were taken with a hand anemometer .

Mean monthly observations from Barbad os are shown in Figures

5—11. Mean monthly minimum temperatures varied between 22.5° and

27.0°C at both North Point and Little Day (Fig. 7). Maximum

temperatures varied between 27.50 and 31°C with the highest temperatures

occu rring at the Harr i son ’s i~oint station. Temperatures at both

sites were thus similar to the temperatures measured at Seawell

airport (Fig. 5) .

The highest rainfall was recorded at each station in November

of each year (Fig. 8). Rainfall was lowest at the North P oint station

and h ighest at Little Bay . The mont hly rainfall totals at each of

the three stations were, h owever , considerably less than the monthly

amounts of rainfall at Seawell airport (Fig. 6) .

_ _ _ _ _ _  ~~.
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The mean monthly relative humidities from both Nort h Po int

and harrison ’s Point were both low in May to August of 1967, but

during the rest of the period the observations fluctuated between

88% and 98% (Fig. 9).

Marked seasonal changes ~.ri wir~ speeds were noted at both

Little Bay and North Point (Figs. 10 and II). Wind speeds were highest

in Nay to August and from December to February. Wind speeds were

lowest at both sites from September through November. At Harrison’s

Point winds were highest in June and in March.

Air temperatures in the intertidal region, close to the

rock surface may be considerably higher than the ambient air temperatures

(Lewis 1963). The curves of figures 12 and 13 show the results

of daily temperature observations In the intertidal zone taken with

a fine thermistor at Little Bay and Harrison ’s Point over a

prolonged p eriod . Considerable daily variations of air temperature

close to rock surface and of rock crevice temperature are evident

and are frequently considerably higher than recorded weather station

temperatures. The daily variation of sea surface and ambient air

temperature was only slight. On a sunny day, with no clouds , moderate

wind and low tide, the difference between ambient air temperature

and the air temperature close to the rocks was as much as 10°C.

The tides at Barbados are of a semi—d iurnal type with two

hip~hs and two lows each day. One tide each day has a greater

amplitude than the other. The average semi-diurnal range is about

one meter (U.S. Geodetic Survey Tide Tables, 1968). It was found,

however , that the breakir~ waves could rais e the water level up to
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2 meters above the level predicted in the tide tables. The height

of the splash zone is, however, difficult to estimate, as it varies

with the kind of weather and the topography at ar~r given area. *

There is a marked contrast between the wave amplitudes on

the east and the west coasts of Barbados. The east coast is

continuously subject to heavier wave—action than the west coast.

Reproduction of wave records on both the east and the west coasts

of Barbados have been previously reported by Lewis (1960).

~. iean monthly weather observations for Jamaica are shown in

figures IL-20. -lean monthly maximum daily temperatures varied

0 0 obetween 27.0 and 3O.I~ C at Green Castle and between 27.8 and
0

3l.~ C at ~orant Point (Figs. )J~ and is ) .  ?- ean monthly minimum

daily temperatures varied between 18.20 and 22.Ii°C at Green Castle

and between 19.00 and 2?C at Morant Point. Highest temperatures

were recorded during the period June to November and lowest

temperatures occurred during the winter from December to ray.

Rainfall was low in both areas with the greatest amounts

being recorded in the period October to December. There was not,

however, a marked inequality of distribution of rainfall throughout

the year in either area (Figs. 16 and 17).

Relative humidities were highest during the winter months

and ranged between 78~ at Green Castle in August of 1966 to a

high value of 92% at the same site in October of 1967. There was

thus no marked seasonal variation in relative humidity (Figs. 18

and l9).
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Wind speed showed a seasonal variation at Morant Point in

both 1966 and 1967. Wind varied from highs of E3.Ij and 10.6 miles

per hour per day in January of 1967 and 1966 respectively, to

lows of only LL .) 4 miles per hour per day in September and Octo ber

of the same years. The seasonal pattern of variation was thus

similar for both years (Fig. 20).

Sites at Green Castle on the north—east coast and at

I~ orant Point Lighthouse at the extreme eastern tip of the island

are both fully exposed to prevailing north—easterly winds , hut the

St. Thomas site on the south coast is in a more sheltered position.

The mean tidal range, based on the weekly extremes of low

and hig h tides in Jamaica is small ( about 21.~ cm). Tidal heights

probably did not affect the environii~nt at Green Castle on the north-

east coast as much as the amount of spray and splash on the rocks

which are most important in th is area. When the sea was calm and

there was very little wind, the tops of the cliffs were dry. A

moderate easterly wind with choppy seas caused slight spray in

exposed regions but none in the sheltered regions . A stronger

easterly wind pr oduced spray in both exposed and & eltered regions.

At St. Thomas on the south coast a combina tion of high tide wi th

a moderate south-easterly wind and roug h sea prod uced a high splash

z one . ~Jav e action was thus cons id ered to be most importan t at
N

Morant i~oint Lighthouse.
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FESTJLTS A!W DISCUSSION

A. S IZE ZT-ZS1JE:CY S1STR ISUTIONS

Frequency distribution histograms for  the monthly rand om

samples for three stations in Sarbados are shown in Figs . 21—26.

The resalts for  Nodolit torina,  Littorina and Tectarius suggests

very slow rates of growth throughout the year. There is some

evir~ence that two are classes are oresent in the population sanpie

of :ft~do1ittorina, but the increase in nodal va1ues fro m ronth to

nonth is not regular and provides no accurate estimate of m~r .thly

rrowth. Animals of shell length between 2 and 3 rr~n in Sovember of

l96~ reached a size of ~ to 6 mm iSe following -~car. In tSe other

two smecies there are only single mc -~al values fo r  each month but

these are variable and it is not ponsible to detect a month ly

increrent from ins~ ection of t h e  histo~ rarns .

T) oth Serita tessellata and t erita versicolor have bir~oda1

~h~stributions. In Uerita tessellata an increase at Little :~ay in

the monthly modal value from about 7 mm iri november of 196S to 12 mm

in June of 1966 is apparent . This re- .resents a monthly growth

increment of 0.7 mm. In September and October of 1966 the annearance

of very ~‘ral1 sizes of 2—6 mm indicates recruitmen t of young classes

into the population, presumably from summe r breeding activity. 2

In ~erita versicolor an increase of modal values from 7 L . U - 1

in January of 1966 to 13 mm in November of the same year indicates

an increase of growth of 6 mm in less than a year. This renresents -c
a monthly shell growth increment of more than O.~ mm .

_ _ _  -
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Because the frequency distributions of both Nerita sr ecies

were polymodal, a more deta iled analysis of the various components

of the p opulation was undertaken by computer in order to determine

growth rates of different sizes • FORTRAN IV programs were

written to analyse the unimodal curves for mean, variance, SD , SE,

ratio of mean to SD and the upper and lower fiducial limits for

and ~~~~ All statistical terms are those of Stanley (1963).

A pro~-ram was also written to split the numerous bimodal distributions

into their unirnodal c omponents by a method of successive approxima-

tions based on the theory of probability. In the case of the

trimodal distributions, one of the side—modals was split visually

and the remaining bimodal by computer.

All the means obtained were then plotted against time of

collection in Figs. 27—29. The mean value of each c omponen t is

included in the figures. All samples were not collected at exact

monthly intervals but they are close enou~~ to jus t i fy  growth rates

being designated in mm/month. Th e growth rate of each component was

calculated using the formula:

Y a + b CX — X), where Y size , a = Y, b = growth increment, ~ = tinc

~there there was a marked change in the rate of growth of a

component of the population over a period of several months , the growth

rate was calculated separately for that section. The regression lines

were than fitted for each component of the population . For each

regression line , a t—test was performed to determine whether the

regression coefficient differed significantly from zero at 1imit~
and P.~yj .

- -  — - - y 
————— - - --
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Nerita versj color

A total of nearly 5600 animals was collected at Little Bay.

The population had a definite polymodal frequency distribution. Each

year class showed up as a nearly isolated mod e in the size frequency

distribution (Fig . 2 14) .  In July 1965 , the population cons isted of

two components , A and B (Fig . 2 7) , with mean shell length values of

10.14 and 19.3 mm. In January 1966 a third compone nt C was detected

with a mean value of 7.14 mm representing the settlement of the

1965 young brood . Failure to detect this c omponent at an earlie r

date was due to the fact that the very small individuals hide in

deer crevices of the rocks and are not easily detected . flowever,

on Ilovember 17 1965, an abundance of specimens, measuring between

14 and 5 mm, was found on the platform not far from the actual

sampling site. Thus it is reasonable to suppose that the 1966 brood

settled in the autumn of 1965 . In Nay 1966 , only two components

were present as A had merged with B. In October 1966 another

component B was detected having a mean shell length of 5.2 mm .

C omponent 1) represents the settlement of the 1966 brood .

The curves of Fig. 27 show tha t the various components of

the nopulation had different rates of growth . The components c on-

sisting of the larger size groups g rew more slowly than t h ose

representing the smaller size groups . Xienc e , the  younger components

merge with the older which are replaced by settlement o~ a new

brood each year. N o calculated growth rate for comoonent B was

detectable. The latter population represents shells w~ich are at

least two years old and includes the largest ir~1ividuals collected

1-
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(up to 23.8 r~n ) which must be considerably older . Growth above

19 mm proceeds only very slowly (less than .2 mm/month) , as

determined from tagged specimens.

The B component also included specimens which are dying off .

The refore this sect ion of the total population is very unstable and

subject to considerable variations. The growth rate of component

A was .9 mm/month as the animals got larger and older. Component

C grew at a rate of .6 mm/month arid D at a rate of 1.9 mm/month.

There are indications that the rate of growth in N . versicolor

was fairly similar in successive years; for instance, component A ,

possessing an initial shell length of 10.14 mm in July 1965 had

a growth increment of 3.6 mm over a period of six months , and

component C , hav ing a mean value of 10.2 mm in May 1966 , increased

by 3.5 mm also over a period of six months .

Nerita tessellata

The frequency distribution s were distinctly bimodal and the

population strmcture was similar at the two stations (Figs. 25 and 26 ) .

A total of nearly 6300 an imals was collected at Little Bay. In

November 1965 the population consisted of two components, A and B ,

with mean values of 6.5 and 15.3 mm (Fig. 28). A and B were present

in July 1966. In the sample taken in September 1966 component B was

no longer present , but a new component , C , with a mean value of

5.14 was detected representing the settlement of the 1966 brood .

A total of 5500 animals was collected at kievwood ’s Beach.

In July 1965 only one component, A , was detected with a mean value

of 114.5 mm (Fig. 29). In September a new component, B, had anpeared

I A
-~~~- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

- - - - - - ___________________
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with a mean value of 14.6 mm represent ing the settlement of the

1965 young brood . By September 1966 component B had merged with A

and a new comp onent , C , with a mean value of 14.8 mm was detected.

Component C represents the settlement of the 1966 brood.

Certain sections of the components of the populations from

the two stations are comparable as they represent the same growth

period and have initially almost the same mean shell length. Corn—

nonen t A (Fig. 28) possessing an initial shell length of 6.5 rn-n in

November 1965, measured 12.5 mm in July 1966 and component B

( Fig . 29) possessing an initial shell length of 7.2 mm in November

1965 measured 13.6 mm in July 1966. Thus there was a length

increment of 5.9 rn-n and 6.14 mm respectively over a period of eight

months . The monthly rate of growth for both c omponent s was rapid

up to a shell length of 12—13 mm, then growth slowed d own considerably

dur inm the summer months .

Although the growth increment over an 8—month growth period

of the different components from the two localities was almost

identical, the two stations sh owed ent irely differen t variat ions

in monthly growth rates. This is probably due to the difference in

habitat of the two stations. The variations in growth rates were

r~ore pronounced for Little flay.

The analysis of the random samples of ~~. versicolor and

E. tessellata clearly indicate that distinct year classes are present.

The length frequency distributions show a definite series of

-iodes indicating the various size and age groups. It thus appears

— I

I.
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that the random sampling method is reliable in determining the rate

of growth of the younger components of the population. It is,

however, an elaborate and time—consuming method which produces

results that are not entirely satisfactory over the whole size range

of the population.

The frequency distribution histograms for the monthly random

samples from three stations in Jamaica are shown in Figs. 30 to 314.

Samples of Littorina ziczac from St. Thoma s on the south

coast show a unimodal distribution with very little evidence of growth

increase throughout the year (Fig. 30).

The distribution of Tectarius muricatus, however , from the

same station, is distinctly bimodal. Little change in the upper

modal value in Tectarius was observed throughout the year (Fig. 31).

Lowe r modal values increased from about 6 mm in February of 1966

to about 10 rn-n in ~
)ecember of the same year. This represents a

monthly growth increment of about 0.14 mm . Thus two age classes

appear to be present within the population of Tectarius in Jamaica.

This is in contrast to single class found in Barbados where

practically no young stages were observed.

The frequency distribution histograms for hodolittorina

tuberculata from Green Castle, Jamaica also appear to be bimodal

(Fig . 32). Lower modal values increased from about 5 mm in February
of 1966 to 8 run in January of the following year or a monthly

increment of about 0.3 mm. There was an increase in upper modal

values from 7 mm in February of 1966 to about 11 mm in September

of the same year or about 0.6 mm/month.

___________ 
_ _ _ _  .4’-
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Thus in both Nodolittorina and Tectarius the samples from

J amaica indica ted slow growth throughout the year while there was no

clear ~idence of growth from frequency distributions in the Barbados

samoles of the same species.

The samples of Nerita tessellata from Norant r~oint , Jamaica

(Fig. 33) are strongly unimodal and giv e very little precise

information on growth throughout the year.

In i~eri ta vers icolor, however , there is evidence that the

popula tion contains more than two age classes (Fig. 314). Because

of the complexity of the size clas ses in th is population it is

diff icul t to determine the monthly growth increments by inspection.

~:owever , lower mod al values of 14 mm in February of 1966 appear to

increase to about 9 mm in January of 1967 or a monthly increment

of about 0.14 mm .

B • GR~~TH OF MARKED SPEC IMENS

The results of the measurements of marked individuals are

shown in Figs. 35—51 for Barbados and Jamaica. All regression

lines are calculated from growth increments of individually marked

animals according to U e  methods of Nanzer and Taylor (19147) and

Hancock (1965).

Littoriria ziczac

The regression lines for yearly shell growth increase for

Little Bay and k~aynes Bay in Barbados and for ~t . Thomas in Jamaica

are shown in Fig. 35. There was little difference in annual shell

growth increments between Little Bay and St. Thomas . Individuals

_ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _  _ _ _  .-c~~~~~~
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with an initial shell length of 5 mm reached a size of 7 rn-n in one

year in Jamaica, while at Little Bay they attained a size of 6.6 mm.

A notable difference in growth rates was found in the population

from Paynes Bay, Barbados however. Ind ividuals with an initial

measured shell length of 7 mm were only 7.2 run long at the end of

a year, while those with an initial shell length of 10 rim grew a

full 2 mm at Paynes Bay in one year and reached a larger size than

the group from Little Bay. The regression coefficients of the two

lines were significantly different at the level P.0i. Relevant

equations for regression lines were as follows:—

Little Bay - y = 2.8192 + O.76tilx

Paynes Bay — y 14.13 + l.62x

St. Thomas — y = 3.56 + O.5321x

Nod olittorina tu berculata

The regression lines for shell length growth over a period

of one year for Nodolittorina from Little Bay in Barbados and from

St. Thomas in Jamaica are shown in Fig. 36. There was little

difference between St. Thomas and Little Bay in shell growth.

Individuals with initial shell lengths of 5 mm increased in shell

length to 6.2 rn-n in Barbados and 6.5 mm in-i Jamaica in one year.

Individuals with initial shell lengths of 11 mm increased to

11.5 and 11.6 mm in one year in }3arbados and Jamaica respectively.

The relevant equations for the regression lines are as follows:-

Barbados - = 1.72 + O.8814iiC

Jamaica — y 2.53 + 0.8230x

I
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Tectarius rnuricatus

Pegression lines for shell length growth in one year for

Tectarius in Barbados are shown in Fig. 37. Growth of Tectarius

in Barbados was found to be very slow in individuals larger than

10 mm . It should be noted that juveniles of this species were

seldom found at arty of the stations in Barbados. A steady increase

oI’ only 0.14 mm/year from sizes 15 rn-n to 2}.i inn was observed.

A sample of Jam aica specimens which were transplanted to

Parbados showed , however, high growth rates (Fig. 37) when compared

with the growt h of the Barbados native forms. Individuals with an

initial shell length of 10 mm reached a size of nearly 17 mm in

one year while large soecimens of initial shell length of 21 run

attained a size of 23.6 run in one year. The fact that transplanted

specimens ~:rew faster than the local Barbadiari population indicates

that the environment is not in itself limiting to growth. A

possible alternative explanation for the very slow growth of Tectarius

in Barbados is that the local population is one which has existed

for a long period and the individuals themselves are very old. The

fact that few juvenile stages of t~-is species were found in Barbados

suc~gests that little recruitment is taking place in the population.

The stable form of the size frequency distribution histograms of

Fij~. 23 also supports the hypothesis of an old , slow—growing

population.

The growth of Tectarius in Jamaica is shown in Fig. 38. The

sizes of individuals tagged were smaller than those studied in
p.

Barbados and the regression lines for both 1966 and 1967 indicate
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rather rapid growth rates in the smaller sizes. Thus individuals

w-Ith an initial size of 8 nun reached a shell length of 9.5 and

10.2 mm in a single year in 1966 and 1967 respectively. Individuals

of slightly larger size, however, grew more slowly and growth

increments were approximately the same as in Barbados samples.

Thus individuals with an initial shell length of 12 mm increased

to 12.14 mm in a year in 1967—68 and slightly more in 1966-67 to

13.7 mm . There was, therefore, a difference in growth rates between

the two years in the Jamaica samples. Relevant equations for

regres sion lines for Tectarius are as follows:

Jamaica, 1966-67 — y = 2.86 + 0.9056x

Jamaica , 1967—68 — y = 3.814 + 0.7l57x

Barbados , 1966—67 — y = 0.7514 + 0.OOLj8x

Barbados , 1967—68 — y = 0.02 + l.OOlx

Barbados , transplant - y = 10.331.i + 0.6158x

~Jerita tessellata

Pegression lines for s~el1 length growth for ~erita tessellata

for one year periods in Barbados and Jamaica are shown in Fig. 39.

Growth of ~. tessellata was faster in Barbados than in-i Jamaica.

Indiv iduals with an initial shell leng th value of 9 mm reached a

size of l)i.2 mm at Little ~ay in Barbados in a single year, while

in Jamaica a 9 rn-n snecimen only grew to 12.6 ;~m in a single year.

Ind ividuals ~-j-ith an initial shell length or 15 mm grew to 16.5 mm

in a year in Barbados, while in Jamaica an individual of Th mm
initial shell length grew to only 114.2 nun in a year.

-
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A population sample of N. tessellata was transplanted to

Barbados from Jamaica. The regression line of shell length growth

f or the transplanted Jamaican population is also shown in Fig. 39.

Young stages grew very rapidly and an individual with initial shell

length of 7 mm grew to 114.3 mm in a single year. Individuals

of shell length 114 nun reached a size of 16.3 mm at the end of a year .

The growth of the Jamaican transplanted sample was thus slightly

faster than the native population in Barbados. Relevant equations

for the regression lines are as follows:—

Barbad os — y = 10.5 + 0.14065x

Jamaica, 1966-67 - y = 10.97 + 0.2213x

Jamaica , 1967—68 — y = 9.914 + 0.3058x

Transplants — y = 12.28 + 0.28614x

A comparison o~’ rrowth rates over a four month pe riod in

Barbados and Jamaica is presented in Fig. 140. It may be seen that

a sample of specimen s transplanted from J amaica to Barbados had

the highest rate of growth, followed by native Barbados animals

in the same locality. Growt h rates of Barbados spec imens transplanted

to Jamaica were similar to the growth rates of the native Jamaican

samples. Helevant regression lines for the ~~~ month period are

as follows:—

Barbad os nat ive — y = 3.14 + Q.87x

Barbad os t ransplant — y 0.5 + l.25x
from Jamaica

Jamaica native — y = 1.6 + 0.93x

Jamaica transplant - y = 0.14 + 1.06x
from Barbados
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:~er~ta vers icolor

~cgre5sion lines showing growth rates of s- .11 l rnr t : .  of

~~. vers Lcolor from Barbados and Jamaica are si own in Fig . 141. The

t~.;o re~re5~ion lines for Barbados indicate growth over a meriod of

one year each in 1966 and 1967. Growth was similar in both y~ar~.

Individuals with an initial shell length of 9 mm reached a size

of 17 in one year at Little Bay in harbados, while individuals

of in~tial shell length 21 mm reached a size of 21.2 to 22.2 mm at

the end of a year. The growth of the Jamaican sample was some-

what lo~rer. :oecimens w~th an initial shell length of 9mm reached

a size sf 114 mm at the end of a year , while those with am initial

shell length of 1~ mm reached only 18.2 mm at the end o~’ a -~r a r .

ye1 nva’~t equations for  the regression lines are as follows:—

Iarhados 1966 — y = 11.214 + 3,5269x

arba dos 1j (;~ — y = 13.714 + 0.3579x

Jamaica — = 7.03 + 0 .762 5x

~erit - a neloronta

err-ession lines st:o~;inr c-ro~ th rates of shell length of

N. peloronta in hnrbad os  and Jamaica are shown in Fig . 142. ~rrowth

rates of this soecies were cons iderabl y faster than in he other

two smecies of herita. I~nima 1s ~-:ith am initial shell length of

9m m  reache~ a size of 18.5 rim in one year in art ad os, while

~ri”o1s in Jamsica with an initial c~ ell length of 12 mm reached

a size of 18 nun during the first year. The growth rates of

J-~~aican ponulations were, h owever , slower in both 1966 and 1967

than the  nopulations in Barbados. Among the larger individuals
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in both areas, specimens of 20 nun initial length atta ined sizes of

22.8 rim in 1961 in Jamaica and 214.8 in 1967. In Barbados growth

was slower in the large shell length ranges in 1967 than in 1966.

Specimens with an initial shell length of 2).~ nun reache d a size of

30.8 nun (1966) and 28.2 run (1967) in a single year. Relevant

equations for the regression lines are as follows :-

Barbad os 1966 — y = 11.142 + 0.802].x

Barbados 1967 — y = 15.11 + 0.5Lt63x

Jamaica 1966 — y = 9.58 + 0.6651x

Jamaica 1967 — y = 7.68 + 0.8514].x

C. SF~AS0NAL VARIATIONS IN GR0~T}i

Beasonal differences in growth rates in the genus Nerita

have been reported from Hiami by Kolipinski (19614) who foun d that

growth was slowest during the months of December and January and

fastest in the late sunTser. He considered that growth rates were

directly related to seas onal temperature changes and possibly to

reproductive activity. He showed that mean monthly sea and air
0

temperatures were nearly 10 C higher in summer than in winter.

However , his results are founded only upon a single, arbitrarily

chosen shell size for each species and may not be true for all

size ranges.

Axelsen (1968) also considered that there were small

seas onal differences in growth rates of three species of ~erita

in Barbados. However , his conclusions were also based on a few

size ranges. Furthermore , the results were determined on a small
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sample and the statistical significance of his differences was

not established. Chislett (1969 ) found no such seasonal difference

front two localities in Barbados.

By using the Nanzer and Taylor plots (19147) for computing

regresnion lines at intervals of one month instead of one year it

is nossible to show monthly growth rates for all sizes of individuals

~brDu gho u t  the year. Because growth rates were so slow in the

snec~ es Lit torina z iczac, I~od olittorina tubercu lata and Tectarius

tuberculata the monthly growth increments were exceedingly small.

It -;ac therefore not possible to analyse their monthly growth

rates by plotting monthly increments. The regression lines of

monthly growth increments for three snecies of Nerita in harbad os

a t e  shown in Figs . 143 to ~. No statistically significant

difFerences in regression coefficients at the P.QS level between

arty nairs of lines within families could be detected . It is,

therefore , apparent that there wss not any seasonal variatior in

rro’ ~th rates in these sari-riles of either Nerita tessellata,

~. versicolor or N. peloronta in Barbados.

~imu1ar regression lines for monthly growth intervals for

all three species of Neri.ta in Jamaica are shown in Figs. 146 to 148.

~Jo stat i s tically significant differences in regression coefficients

at the ~~~~ level between pairs of lines were detected for Nerita

pçloronta or U. versicolor. In N. tessellata, however, regression

linos for ~he months of ~ay and June were significantly different

from each of the rest of the family of lines at the level ~~~~
Growth of 1. tessellata in May and June was, therefore, slightly
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higher than growth during the rest of the year.

The evidence for seasonal variation in growth of Nerita

from Barbados , Miami and Jamaica in this study, as well as from

other authors, indicates that there is a seasonal difference in

Miam i wh ich is related to seasonal temperature changes; that in

Jamaica there is some seasonal difference in N. peloronta; and th at

at Barbados there is no seasonal variation in growth rates of any

of the species. In both Jamaica and Barbados the stability of

growth rates may be related to the relatively small differences in

mean monthly air and sea temperatures~ and other environmental factors.

D. CO PAPATIVE ASPECTS OF GROWTH

The interspecific differences in growth rates between the

three species of Nerita in Barbados have already been noted by

Axelsen (1968) and Chislett (1969). Both authors reported that

N. peloronta grew fastest while N. tessellata was the slowest

growing species. These differences are confirmed by the data of

the present study as is presented in Figs. 39, 141 and ~2. The

same relationships in growth rates between the three species of Nerita

in Jamaica are also illustrated in the above figures. The inter-

snecific differences observed in Barbados arid Jamaica agree with

the result s of Kolipinski (l96I~) from Miami.

A number of similarities and differences in growth rates,

in patterns of growth and In population structure between Barbados

and Jamaica have been noted in previous sections. Size frequency

• distribution histograms of Littorina are unimodal in both areas and 4

- - ~
-- -
~~~ 

_
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calculations of growth fro m both frequency distributions and

regressions of yearly increments indicate that growth rates are

similar . The presence of only a single year class in the pomulation

sam ole suggests that breeding is continuous or recruitment from

elsewhere is continuous, and that the species is relatively slow

growing. Information on growth of this species from i~iami is

not- ~vai1able for comparison.

Frequency distributions of Tectarius are unimodal in Barbados

and growth is very slow in all sizes. In Jamaica, on the other

hand , frequ ency l istribut ions are bimodal and growth , especially

in the young stages, is rapid. The Jamaican population, therefore,

anpears to have a definit e breedinv season with annual recruit ment

and natures quickly, while the Barbados ’ population is apparently

composed of old slow growing animals with very little recruitment

of young stages.

The size frequency distributions of IJod olittorina were

clearly bimodal in Barbad os, while in Jamaica the year classes

were less distinct. The population thus appears to have a distinct

breeding season or annual recruitment in Barbados , whereas in

Jamaica the details of the population structure are less precise.

The rates of growth were slow for i~od olittorina in both areas.

In the three species of ~erita the pattern of frequency

distributions is highly variable. Populatior~ of U. tessellata

are bimodal in two localities in P arbados , whereas in Jamaica

there is only a single year class apparent in the population

sample. In i~iami Kolipinski (19614) also found that the population

I’.
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had a single modal value. Growth rates were relatively rapid

in th is species , especially in the young stages, and were slower

in Jamaica than in Barbados .

Growth rates of the other two species of Nerita were also

slower in J amaica than in Barbados , while the population sample

of N. versicolor showed two modes or year classes in both areas.

A comparison of the monthly growth rates of the three species of Nerita

in Barbados with the results of Kolipinski (19614) in Niarni is

shown as follows:—

Species Florida Barbados

1961 1962 March 196b-~-iarch 1967

N. peloronta .51 .58 .146
— 

(214 mm)

U. versicolor .25 .51.i .26
(18 mm)

i~. tessellata .31 .19 .12
(16 mm)

The se results indicate that growth rates for the larger ~~. peloronta

and B. versicolor were similar in both areas, but that N. tessellata

grew somewhat faster in :-~iami tha n in Barbados .

Growth rates and population structure also may vary within

two sites in Barbados. Differences in the presence of year classes

in populations of Nerita tessellata at Little Bay and lieywood t s

£‘oint hav e been reported by Axelsen (1968). Chislett (1969 ) has

shown that growth rates may differ significantly between two sites

in Barbados at Little Bay and h arrison’s Lighthouse. Comparative

• rerression lines for the yearly growth rates for N. peloronta

t i l

_ _ _ _ _ _  _ _ _________________ — -  — _______________

~~~

— ---- ~~~~-~—•- - --~ — •4~~)

— ~~~~~~~~~~~~ - _ . — -~~~~
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and F. versicolor are shown in Figs. 149 and 50. The regression

lines for the growth rate of ~. tessellata over a six mont h period

are shown in Fig. 51.

Growth rates of all species were found to ‘ce significantly

c’reater at flarrison’s Lighthouse than at Little Bay. In U. versicolor,

h owever , animals below amproximately 17.14 mm in length grew faster

at Little Bay than at Harrison ’s Lighthouse.

The regression line for U . peloronta at Little Bay had a

rec ression coefficient of 0.60614, and for Harrison ’s Lighthouse the

coefficient was 0.7620. There was a significant difference between

thesc at less than the 0.01 level. The linear regression enuation

for U. peloronta at Little Bay was y = 14.142 + O.60614x and the equaticm

f or i:arrison’s Lighthouse was y = 8.01 + O.762~~ .

The regression line for  B. versicolor at Little Bay had a

rerression coefficient of 0.30Th and for Harrison ’s Lighthouse the

coef”icient was 0.5687. Again the difference was significant at

less t h a n  the 0.01 level . The linear regression equation for

B . vcr~ icolor at Little flay was = 14.23 + 0.30714x and for Barr -ison ’s

Lighthouse was y li.76 + O.5657x.

In the case of H. tessellata, despite having had to use a

six month growth period , the regression coefficients of the equations

for Little Bay and Harrison ’s Lighthouse were significantly d i f f e r e n t

at the 0.02 level. The linear regression equations for Little Bay

and Harrison ’s Lighth ouse were y = 1.26 + 0.551414x and y = 3.01 + O.6093x

resnectively. It was also found that all the coefficients differed

s igni f icant ly  from a zero value at less than the 0.01 level.
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A further comparison of growth of Nerita in Jamaica and

N iarni may be noted in Fig. 39 in which specimens of N. tessellata

transnlanted from Niami are shown to have grown faster than the

native Jamaican species.

Thus in the following cases of the experimental transplanting

of species from Jamaica to Barbados and ~iam i to J amaica (Tec tar ius

from Jamaica to Barbados; Nerita ‘from Bjami to Jamaica and Herita

from Jamaica to Barbados) all grew at a faster rate than did the

native population samples. Only in the case of Merita tessellata

transferred from Barbados to Norant point , Jamaica was the growt h

rate the same as the native population sample.

There was , therefore , a good deal of variati on in growth

rates between Barbados , Jamaica and I- ’iami, and within li fferent  sites

in Barbados which has been the most intensively studied area. A

compar ison of the climate reco rds f r om Barbados and Jamaica sLows

a regime of slightly lower mean daily minimum temperatures, lower

average rainfall, humidity and daily wind speed in Jamaica. These

fact ors may determine the slower rates of growth of the genus Nerita

in the latter area. A positive correlation between the amount of

rainfall and relative humidity with relative rates of growth of

IJerita at two d ifferent sites in Barbados has been shown by

Chislett (1969).

Differences between Niaxn i and the other two areas may also

be related to seasonal variation in climate. However , the significant

d ifferences in growth and population structure between different

sites in Barbados point to the importance of rnicroclimatic effects

k~.
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arid sugges t that in the areas considered microclirnatic differences

are equally as important as latitudinal seas onal climatic

differences.
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