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A B S T R A C T

S u rface w a ter  tem peratures and sa lin it ie s  at tw o  sta tion s around the L a g o s  
H arbour en tran ce w e r e  m easured  from  January 1978 to  D ec em b er  1987. S u rface w ater  
d isso lv ed  o x y g e n  (D .O )  w a s  a lso  m easu red  at o n e  o f  the sta tion s from  January 198/. to 
D ecem b er , 19 8 7 . T h is  paper p resen ts th e  f in d in g s  for the period  and th e  in ter-re la tion ­
ship o f  the m easu red  param eters w ith  the p reva ilin g  h y d ro lo g ica l and m eteo ro lo g ica l
regim es.

T h e pattern o f  su rface w a ter  tem p eratu res at both  sta tion s in th e stu d y  period  
sh ow ed  a c lea r ly  d e fin ed  m ean m ax im u m  o f  2 9 .5 °C  around April and an eq u a lly  c learly  
d efin ed  m ean  m in im u m  o f  2 5 .8 °C  around A u g u st. O cca s io n a lly , there w e r e  a lso  le ss  
clearly  d efin ed  m ean  m ax im u m  and m in im u m  tem peratu res in O c to b er /N o v em b er  and 
January re sp e c tiv e ly .

T he sa lin ity  a m p litu d e  at both  sta tion s is in flu en ced  by rain fa ll e sp e c ia lly  at the  
H arbour sta tion s and a lso  p ossib ly  b y  lo ca l u p w e llin g  w h ic h  c o u p le s  both  stations  
through tidal flu sh in g . T h e m ean m in im u m  sa lin ity  at the H arbour sta tion  ( 1 2 .2 9 +  6p su  ) 
w as record ed  in O cto b er  w h ile  the h ig h est m ean  m axim u m  ( 1 3 .2 3 ± 1 .7 )  at th is station  
w a s in A pril. A t the B e a c h . sta tion , m ean  m ax im u m  (3 2 .3 + 1 .3 )  and m in im um  
(2 7 .5 3 + 3 .1 )  sa lin it ie s  w er e  recorded  in M a y  and S ep tem b er re sp ec tiv e ly . It w a s  ob served  
that in m ost o f  the yea rs o f  study, the rainfall pattern sh o w ed  no break in the m onth o f
A u gu st. .

S u rfa ce  D .O  v a lu es  w ere  g en era lly  greater than 4 .5 0 m g  L '1. T h ere  w a s  a peak
D .O  period  in J u ly /A u g u st. T he inter- and intra-annual va r ia b ility  in th e  D .O  pattern is 
e x p lica b le  in term s o f  th e  n o n -co n serv a tiv e  nature o f  the ga s, its in v o lv e m e n t  in the b io ­
g e o c h e m ic a l c y c le  and th e in flu en ce  o f  p h y sica l p ro cess  on  its tem p o ra l and spatial 
con cen tration .

2



IN T R O D U C T IO N :
In N o v e m b e r  19 77 , the N ig e r ia n  In stitu te  for O cean og rap h y  and M a rin e  R esearch  

(N IO M T l) started  a data acq u isition  p rog ram m e w h ich  in clu d ed  th e c o l le c t io n  o f  surface  
w a ter  tem p eratu re, sa lin ity  and D .O  data  around the L a g o s H arbour entrance. T h e m am  
o b je c tiv e  w a s  an im p ro v em en t o f  the u n d erstan d in g  ot the q u a lity  o t  the w a ters  o f  the  
H arbour en tra n ce  area as a b en ch m ark  for ev a lu a tin g  past and future ch a n g es  in the area.

T h is  paper is a fo llo w  up o f  O y e w o  et al (1 9 8 2 )  on  th is su b ject. It is lim ited  to  the  
p resen ta tio n  o f  B e a c h  and H arbour s ta tio n s’ su rface w a ter  tem p era tu res and sa lin it ie s  
data ov er  a ten -y ea r  period  (1 9 7 8 - 1 9 8 7 )  as w e ll as D .O  data at the H arbour sta tion  on ly  
for th e  p eriod  1 9 8 2  -  1987 . S o m e m e te o r o lo g ic a l data are p resen ted  to  ex p la in  ob serv ed
varia tion s.

M A T E R IA L S  A N D  M E T H O D S
T h e sa m p lin g  sta tion s are m arked H (H arbour station) and B (B e a c h  sta tion ) on  

F ig u re  1. S u rfa ce  w ater tem peratu re w a s  m easured  u s in g  th e ‘B u ck et m eth od  an 
m ercu r y -in -g la ss  w a ter  therm om eters. P recau tion s again st the h ea tin g  and c o o lin g  e ffe c ts  
o f  th e  sun , w in d  as w e ll as p ara llax  w ere  taken. A s m u ch  as p o ss ib le , th e dai y 
tem p eratu re read in gs w ere  m ade b e tw e e n  0 7 3 0  and 0 8 0 0  h ou rs G .M .T . A ir tem perature  
m ea su rem en t w a s  m ad e ju st b efo re  the read ing o f  the su rface w a ter  tem perature.

S a lin ity  m easu rem en ts w er e  carried out u sin g  an au to m a tic  T su ru m i Seik i 
laboratory, S a lin o m eter  and reported in practica l sa lin ity  units.

S a m p les  for D .O  d eterm in ation  w ere  fixed  at th e sa m p lin g  sta tio n s and later 
treated in th e  lab oratory fo llo w in g  th e standard w in k le r ’s t itn m etr ic  m ethod .

M c te r o lo g ic a l o b serv a tio n s w e r e  m ade d aily  at 0 9 0 0  h ou rs G .M .T . at N IO M R ’s 
r o o f t o p  m e te ro lo g ica l-o b serv a to ry . A d d itio n a l m etero lo g ica l data w er e  ob ta in ed  from  
the F ederal D ep a rtm en t o f  M e te o r o lo g y  w h ere  n ecessary . T h e  in c id en t rad iation  data are 
g iv e n  o n ly  in term s o f  d is tillo m cter  v o lu m e s  b c c a u sc  th ey  w er e  ob ta in ed  from  an 
u n ca llib rated  G u n n -B ella n i eq u ip m en t.
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F i g .  V- M a p  o f  L a g o s  H a r b o u r  ^ n u a n c e  
S h o w i n g  s a m p l i n g  s i t e s  B  ( 
a n d  H  ( H A R B O U R ) .
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R E S U L T S  A N D  D I S C U S S I O N

T e m p e r a tu r e
T he pattern o f  d a ily  varia tion s at both  station s is d ep icted  in F ig u re  2. S in ce  this 

pattern w a s  sim ilar  for each  o f  the ten  years o f  study, varying in ter-an n u a lly  o n ly  in the 
fin er d eta ils, o n ly  th o se  for f iv e  years are presented . T he diurnal flu ctu atio n s in 
tem perature are so m e tim e s  large and rather co m p lex . T he m on th ly  m ea n s for 1978 - 8 7  
(F igu res 3 and 4 ) sh o w  the seaso n a l c y c le  and tem poral variations. T h e c o m p le x ity  o f  the 
d aily  flu ctu ation s is h o w ev er  m ask ed  in the m onth ly m eans. T h e apparent relative  
s im p lic ity  o f  the m on th ly  m ean s com p ared  w ith  the diurnal va ria tio n s has been  
p rev io u sly  reported  (O y e w o  et_ al 1 9 82 ). T h e overall tem perature pattern at both  stations  
sh o w s  a c learly  d e fin ed  m ean m ax im u m  o f  ab ou t 29 .5°C  in April and an e q u a lly  clearly  
d efin ed  m ean m in im u m  o f  about 2 5 .8 °C  in A u g u st (T ab le  1). In m o st o f  the years o f  
study, there w a s  a seco n d  but le ss  c lea r ly  d efin ed  m axim u m  in th e O cto b er /N o v em b er  
period . In so m e yea rs, there w ere  seco n d  but le ss  c learly  d etin ed  m in im a  around January 
(F igu re 2). T h ere  w a s  a regular tem perature d eclin e  from  A p ril/M ay  o f  each  year 
reach ing a m in im u m  around A u gu st. T here w a s  a lso  a regular rise in tem p eratu re from  
S ep tem b er to N o v em b er . O lan iyan  (1 9 6 9 )  ascribed  the m axim um  tem p eratu re period in 
the L a g o s  la g o o n  c o m p le x  (in c lu d in g  the L a g o s  H arbour) to the e ffec t o f  in so la tio n  on a 
b od y  o f  w ater that is largely  sta tic  at th is period  o f  the year. H e  a lso  ex p la in ed  the 
m in im u m  tem perature period  in term s o f  the in flu x  o f  coo l freshw ater in to  the lagoon  
co m p lex  at th is p eriod . L ongh u rst (1 9 6 4 )  ascrib ed  the w arm in g up p ro c e ss  around the  ̂
G u lf  o f  G u in ea  from  S ep tem b er to N o v em b er  to  the p rogressive  d ow n w ard  m igration  o f  
iso th erm s from  the su rface to ' b e c o m e  incorporated  in the th erm o c lin e  w hich  
co n seq u en tly  c o m e s  to  in c lu d e a p ro g ress iv e ly  greater range o f  tem perature. H e also 
ascribed  the tem perature d ec lin e  b etw een  A pril and A ugust to the ov era ll c o o lin g  o f  the 
G u lf  o f  G u in ea  and the S ou th  A tla n tic  during this period o f  the year. A t b oth  stations  
h ow ever , there is e v id e n c e  (F ig  3) that the in flu en ce  o f  radiation p aram eter is very  
s ig n ifican t. A lb eit, it is im portant to  caution  here on the danger o f  a d d u c in g  radiation  
forc in g  fu n ction s a lo n e  to  exp la in  the ob serv ed  variations:
Apart frojn radiation h eatin g , ocea n  u p w e llin g  can a ffect the recorded  v a lu e s  and m ay be 
cou p led  through the sea so n a l c y c le  that a ffe c ts  b oth  w ind  and c lo u d in ess . A lth o u g h  w ind  
data for th e study p eriod  are not su ffic ie n tly  co m p le te  for any m ea n in g fu l interpretation, 
there are in d ica tion s that strong w in d s m ay be occurring during the lo w  tem perature  
season . B es id es , i f  rad iation  w ere  the prim ary in flu en ce  on the tem p eratu re cy c le , it 
sh ou ld  lead by a quarter c y c le  (H o u gh to n , w ritten  com m u n ica tion ). It is a lso  im portant to 
m en tion  that va ria tion s at station  H  can be a ffec ted  by ad v cction , tidal and oth er m ix in g  
p ro cesses  in the L a g o s  la g o o n  co m p lex . S ta tion s H and B are th e m se lv e s  coupled  
through tidal f lu sh in g  such  that the relevant radiation and other in f lu e n c in g  param eters 
m ay a ffect both  sta tion s s im u lta n eo u sly . T h is  m ay exp la in  the s im ilar ity  in tem perature  
patterns at both sta tion s.
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STATION H —Ji3
1 9 7 8  -  1 9 8 7

STATION B

TI ME IN M O N T H S

-----O S U R F A C E  W ATER T E M P E R A T U R E
-----•  I N C L D E  NT RADI ATI ON
---- A  HOURS  OF S U N S H I N E
-----A  AI R  T E M P E R A T U R E
R E L AT I ON S HI P  B E T W E E N  MONTHLY ME AN S  
OF S U R F A C E  WATER T E M P E R A T U R E  AND 
T H R E E  CLI MATI C E L E M E N T S .





T A B L E  1

M O N T H L Y  M E A N S  O F  S U R F A C E  W A T E R  
T E M P E R A T U R E  . R A I N F A L L ,  I N C I D E N T  R A D I A T I O N^ 
H O U R S  O F  S U N S H I N E  I N  S T A T I O N S B. A N D  H . ( 1 9 7 8  — 
1 9 8 7 ) S T A N D A R D  D E V I A T I O N S  A R E  FN P A R E N T H E S E S

Months
Station
B
Temp.
(°C)

Station
H
Temp.
(°C)

Air
Temp
Station
B (°C)

Air 
Temp. 
Station 
H (°C)

Station
B
Salinity
psu

Station
H
Salinity
Psu

Mean
Rainfall
(mm)

Incident
Radiation
ml
Eva p/da v

Hours
Of
Sun-
Shine

Jan. 27.85 
(1 15)

27.45
(0.980

27.15
(1.25)

27.15
(119)

31.88
(1.18)

29.15
(1.89)

5.5
(11.14)

11.10
(2.31)

4.42
(1.74)

Feb. 28.45
(0.98)

28.46
(0.48)

28.29
(1.31)

28.01
(1.33)

32.45 
(147)  _

30.29
(2.36)

25.31
(36.88)

12.71
(1.59)

.08 
r 1.38)

March 29.09 
(0 90)

28.92
(0.69)

28.66
(1.43)

28.53
(1.19)

31.70
(3.01)

30.15
(3.51)

68.89 
(38.91^

13.02
(1.14)

5.05
(0.97)

April 29.54 
(0 41)

29.45
(0.47)

29.32
(0.93)

29.07
(1.06)

32.55
(1.22)

31.23
(1.72)

1 14.29
(76.49)

12.66
(1.97)

<>.02
(0.67)

May 28.65 
(0 99)

28.56
(0.94

28.12
(1.32)

28.24
(1.39)

32.30
(1.32)

27.77
(4.7)

275.5
(132.5)

12.00
(1.09)

5.61
(0.73)

June 27.85 
(1 01)

27.71
(0.73)

26.89
(1.09)

26.87
(0.95)

30.95
(3.82)

19.60
(5.79)

272.85
(121.76

8.91
(0.97)

4.06
(0.83)

July 26.16 
(0 67)

26.22
(0.55)

25.45
(1.29)

25.55
(0.92)

31.49
(2.99)

15.10
(5.48)

189.62
(137.31

7.30
(2.39)

3.60
(0.62)

August 25.86 
(0 41)

25.78
(0.46)

25.34
(0.91)

25.55 
(0 48)

31.10
(3.25)

16.85
(7.88)

135.83
(140.53

7.66
(0.75)

2.99
(1.20)

Sept. 26.19 
(0 '68)

26.33
(0.44)

25.71
(0.85)

25.70
(0.58)

31.82
(3.25)

19.66
(10.36)

196.10
(122.96

9.26 
(0-9) .

3.50
(0.59)

Oct. 27.46 
(0 88)

27.67
(0.56)

27.40
(0.77)

27.57
(0.49)

27.53
(3.12)

12.95
(5.59)

147.07
(749.1)

9.83
(2.19)

4.66
(0.58)

Nov. 28.29 
("1 101

28.35 
(0 98)

28.29
(1.17)

28.49
(0.62)

28.11
(2.26)

18.18
(4.48)

60.38
(47.17)

10.34
(1.35)

5.58
(1.60)

Dcc.
V * ■  ̂ /

28.14 
(1 41)

27.89
(1.27)

27.64
(1.39)

27.63
(1.04)

31.09
(1.09)

24.71
(2.98)

54.60
(8.79)

10.53
(2.22)

4.70
(1.40)

Overall
mean

27.79
(1.18)

27.73
(1.13)

27.37
(1.30)

27.36 
1 (1-22)

31.08
(1.^2)

22.97
(6.62)

128.83
(90.85)

10.44
(1.44)

(4.61)
(0.93)



It is a lso  w o rth y  o f  n ote , that the b a s ic  e le m e n ts  in, the c y c le  ju st d escr ib ed  are broadly  
repeated  a lo n g  the entire W est A fr ica n  C oast (L on gh u rst, 19 6 4 , O y e w o  at_ a] 1982)  
w h ere sim ilar  c lim a tic  reg im es  ex ist. F urtherm ore, the sim ilar ity  in the tem peratu re cy c le  
b etw een  the L a g o s  H arbour entrance sta tio n s and three Ivorien  sta tio n s are c lea r  (F igures, 
3, 4  and 5). T h e m on th ly  m ean s o f  the su rfa ce  w a ter  tem perature at both  sta tion s based  
on  data for 10 years (T a b le  1) m ay  b e  regarded as p red ictive  and a b a sis  for eva lu atin g  
ch an g es. D ep artu res m ay o n ly  be ex p e c te d  in the even t o f  a lo ca l or  g lob a l c lim ate  
ch an ge, u p w e llin g  around sta tion  B  or  in an y  o th er  area under th e in f lu en ce  o f  the sam e  
current system .

T he u n usu al o cea n o g ra p h ic  and m eteo ro lo g ica l co n d itio n s  reported  b y  P hilander  
(1 9 8 6 )  w ere  not re flec ted  in the data for station  B . A lth o u g h  the lo w e s t  tota l rainfall w a s  
recorded  in 19 8 4 , no s ig n ifica n t p o s it iv e  departures from  the m ean  tem perature w as  
recorded  in a n y  o f  the years o f  study. A  s ligh t d ecrease  in su rface tem p eratu re w a s  infact 
recorded  in th e  in itia l period  o f  1983 . T h e p h en om en on  reported  b y  P h ilan d er (1 9 8 6 )  
m ay be truer o f  areas o f  the A tlan tic  c lo se r  to or  south  o f  the equator. It h o w e v e r  raises 
the dire n eed  to  carry out in v estig a tio n s o n  w h eth er  or not ev en ts  in the in terior o f  the 
G u lf  at any p o in t in tim e  are d ifferen t from  th o se  occurring in coa sta l areas in the inner 
sh elf.

A ir  te m p e r a tu r e , in c id e n t  r a d ia t io n  a n d  h o u r s  o f  S u n sh in e

T he in ter-re la tion sh ip  b e tw een  th ese  e lem en ts  and su rfa ce  w a ter  tem perature is 
d ep icted  in 'F ig .3. T h e sim ilarity  in the patterns len d s cred en ce  to p rev iou s su g g estio n s  
(L on gh u rst 1964: O y e w o  et_ a] 1 9 8 2 ) that a p o ssib le  m ech a n ism  e x is ts  in the local 
radiation c y c le  to  exp la in  the o b serv ed  tem perature pattern at the tw o  sam p lin g  stations  
and by im p lica tio n , the entire W est A frican  C o ast w h ere  sim ilar  c lim a tic  reg im es prevail. 
H o w ev er ,/ d u e  c o g n iz a n c e  sh ou ld  b e taken  o f  the earlier w a rn in g  o f  the d anger in 
attem pting to  exp la in  the ob served  va ria tio n  in term s o f  radiation fo rc in g  fu n ctio n s alone.

S A L IN I T Y  C Y C L E

T he m ean  sa lin ity  v a lu es for the study period  are sh o w n  in F ig . 6 w h ich  also  
sh o w s the pattern for tw o  o f  the yea rs o f  study: 1979  -  the year o f  h ea v ie st  rainfal (T otal 
R a in fa ll-  2 2 2 1 .1 m m ) and 1984  -  the year o f  lo w e s t  rainfall (T ota l rainfall -  10 91 .7m m ). 
D eta ils  for th e  oth er years are in T a b le  1. T h e sa lin ity  am p litu d e appears to  be rainfall 
d ep en den t as p rev io u sly  su g g ested  by H ill and W eb b  (1 9 5 8 )  and O lan iyan  (1 9 6 9 ) . It is 
h o w ev er  im portant to  q u ick ly  point ou t that the situ ation  at both  sta tion s is  m ore co m p lex  
than it w o u ld  at first appear: S a lin ity  at b oth  sta tion s cou ld  be in flu en ced  by local
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rainfall, d istan t rainfall as m a n ife sted  river f lo w  into th e la g o o n  and o cea n  u p w e llin g  v iz -  
a -v iz  c o u p lin g  w ith  tidal f lu sh in g  and o th er  la g o o n  m ix in g  p r o c e sse s  earlier a llu d ed  to. 
In this resp ect, th e u se  o f  lo ca l ra in fa ll a lo n e  is not sa tis fa c to ry  but had to be u sed  in the  
ab sen ce  o f  c o m p le te  in fo rm a tio n  o n  ‘d istant ra in fa ll”  in all areas in the ca tch m en t areas  
o f  all d ra in age b asin s  e m p ty in g  in to  the L a g o s la g o o n  c o m p le x . It is a lso  w orth y  o f  n ote  
that sta tion  H  b e in g  c lo s e  to  th e sea  had the h ig h est sa lin ity  v a lu e s  in the L a g o s la g o o n  
c o m p lex  w ith  lo w er  v a lu e s  in areas o f  the la go on  c o m p le x  further “upstream ” w h ere  the  
in flu en ce  o f  fresh w a ter  is m ore  p ron o u n ced  (O y e w o , u n p u b lish ed  data).

It is in terestin g  to  n ote, from  th e c lim a to lo g ica l p o in t o f  v ie w , that in the past, the  
loca l rain fa ll pattern in th e  stu d y  area w a s such  that there w a s  a short, re la tive ly  ra in less  
break w ith in  the M a rch -O cto b er  w e t seaso n . T his w a s  v a r io u s ly  d escrib ed  as the little  
dry se a so n  or ‘A u g u st B r e a k ’ (L on gh u rst 19 64 , H ill and W eb b , 1958). T h e data  
c o lle c te d  b e tw een  1 9 7 8 .and 1 9 8 7  h o w e v e r  su g g est that th e situ a tion  is ch an g in g . T h ere  
w ere  su b stan tia l rains in  th e  J u ly /A u g u st  period o f  m any o f  th e  yea rs o f  study. O nly  1982  
record ed  a clear '‘A u g u st  B rea k ” It is th erefore im p era tiv e  to b e cau tio n s in m ak in g  
g en era lisa tio n s  about c lim ate . L o n g  term  stu d ies perhaps sp a n n in g  severa l d eca d es  w ill  
g iv e  a c lea rer  p ictu re o f  th e  trend.

D I S S O L V E D  O X Y G E N  (D .O )  1 9 8 2  -  19 87

T h e D  O. pattern for  tw o  o f  th e  years o f  o b serv a tio n  are sh o w n  in F ig . 4. T he  
m ean D .O  v a lu es  are sh o w n  in T a b le  2. and are g en era lly  grea ter  than 4 .5 m g  L T h e  

m irror im a ge  b e tw een  D .O  and tem peratu re w h ich  w o u ld  h a v e  b een  ex p ected  i f  the  
form er w ere so le ly  d ep en d en t on  the latter is im p erfect in m an y  resp ects. T h e inter­
annual variation  in D .O  co n cen tra tio n  and the a b se n c e  o f  a clear trend u n lik e  the  
tem perature c y c le  is to b e  ex p ected : O x y g en  is non c o n se r v a t iv e  and a c tiv e ly  in v o lv ed  in 
the b io -g e o c h e m ic a l c y c le . Its con cen tration  is a ffe c te d  b y  p h y sica l p ro cesse s  lik e  
turbulent m ix in g , d iffu s io n  and a d v ectio n . A lb eit, there ap p ears to  b e a peak D .O  period  
in J u ly /A u g u st, w h ich  a lso  co rresp o n d s to the period o f  in f lu x  o f  freshw ater in to the  
la g o o n  sy stem  seq u e l to  the rains as w e ll  as that o f  lo w  tem p era tu res and sa lin ity  w h ich  
w ill p ro m o te  greater o x y g e n  so lu b ility . T he in flu x  o f  se d im e n ts , organ ic  debris and  
nutrients w ith  fresh w a ter  cou ld  lead to  increased  p h o to sy n th e s is , p lankton  b lo o m  and 
in creased  p h to to sy n th etic  o x y g e n . T h is  in flux cou ld  h o w e v e r , a lso  lead to  o x y g e n  
d ep le tio n  d u e to o x id a tiv e  d e c o m p o s it io n  o f  dead b lo o m  o rg a n ism s. It is su g g ested  that 
such  d ep le tio n  m ay b e  m in im ised  at station  H due to  a sw ift  transport out to sea  o f  th e  
org an ic  load. It is a lso  p o ss ib le  that any such  load  m ay b e  in su ffic ien t to  d ep ress D .O  
s ig n ifica n tly .
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T A B L E  2 :

S T A T IO N  H M O N T H L Y  M E A N S  OF D IS S O L V E D  O X Y G E N . A N D  S U R F A C E  
T E M P E R A T U R E  ( 1 9 8 2 -  1 9 8 7 ) (S T A N D A R D  D E V IA T IO N  V A L U E S  A R E  rN 
P A R E N T H E S IS )

MONTH TEMPERATURE °C D. O. m.n/L
Januarv 27.11 (0.89) 5.95 (0.07 )
February 28.44 (.0.3) 5.99 (0.64)

March 28.76 ((0.64) 5.72 (0.39)
April 29.59 (0.38) 5.84 (0.35)
Mav 29.04 (0.29) 5.91 (0.41)
June 27.81 (0.77) 5.64 (0.43)
Julv 26.27 (0.55) 6.09 (0.52)

August 25.75 (0.61) ' 6.09 (0.52)
September 26.33 (0.47) 5.82 (0.43)

October 27.76 (0.26) 5.89 (0.52)
November 28.65 (0.68) 5.63 (0.51)
December 28.38(1.07) 5.58 (0.47)
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A C K N O W L E D G E M E N T .

T he au th ors gra tefu lly  a c k n o w le d g e  the num erous trips to  the sa m p lin g  s ite s  over  a ten- 
year p eriod  o f  M iss . C h io n y e  and M essers  A gb oo la , M ad u ka, O k iy i, K cn ey in b o  and 
A tilla .
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