Population density dynamics of Pachymelania byronensis (Wood, 1828)
(Gastropoda: Thiaridae) in the Cross River, Nigeria
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Abstract

The ecology of an exploited population of the commercialy important molluscan species, Pachymelania byronensis
(Wood, 1828) was studied (January-December, 2018) in the lower Cross River, Nigeria, using density [number per
hectare (N. ha?)] as measure of stock abundance. The results revealed that the river supports a considerable stock of
the gastropod (density range: D, = 508000 — 12510000 N. ha*; mean: D, = 4849833N.ha). The density decreased
by 12002N. hat (i.e. 10001667N. ha! mo?) between January and December, a reflection of the increasing human
exploitation as the year progressed. However, the monthly density changes scored low stochasticity (randomness), a
product of the resilience of the population to human exploitation. The monthly densities were significantly correlated
withriver [imnological parameters, including surface temperature, discharge, water level, transparency, dissolved oxygen
concentration and hydrogen ion concentration. The coefficients of determination showed the decreasing order of the
importance of these parameters as: transparency (67.8%), water level (57.0%), surface temperature (43.5%), pH
(40.5%), dissolved oxygen concentration (36.1%) and discharge (34.3%). The monthly values of biotic potential (r__)
were used to show trends in the population dynamics. Major density decreases were noted in February (r_ = -5.456)
and December (r__ =-2.931) whereas notable density increases wererecorded in January (r =+ 3.204) and November
(r,. = +3.052). The value of the annual mean biotic potential (mean: I -0.191) portrayed the general effect of
heavy human exploitation on the mollusc. Hence, the gastropod total mortality rate was high (Z = -3.204 yrt) Theriver
carrying capacity of the gastropod was estimated at 12510000N hat. The monthly biotic potential correlated significantly
with habitat temperature and dissolved oxygen concentration, two important life support parameters.
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Introduction therewere no other studies on the biology and ecology of

The macrobenthic gastropod mollusk, Pachymelania  thisspecies, Thisstudy focuses on the population density

byronensis (Wood, 1828) inhabits large and medium —  gynamics of the speciesinthelower CrossRiver, Nigeria
sizedriversin West Africawhereit constitutesarel atively

cheap animal protein source and can meet human paterialsand methods
nutritional requirements (Anyiam and Ikpesu, 2018). The
artisanal fishery also provides employment and livelihood
to several peoplethroughout its geographic range.

The tidal freshwater lower Cross River, Nigeria,

Monthly samplesof P. byronensiswere collected (January-
December, 2018) from the tidal freshwater lower Cross
River at Ayadehe (Fig. 1) in Itu Local Government Area,
harbours a particularly large population of P. byronensis ~ (0°12'N; 7°58'E) Akwalbom State, Nigeria. Theareais
(King and Akpan, 2010) which supports a year-round bounded in the north by Cross River State, west by Ibiono

artisanal divefishery. Thegastropod empty sheliswereused Ibom Local Government Area, east by Uruan Local
for the commercial production of scouring powder and ~ Govemment Areaand south by UyoL ocad Government Area

animal feed. Thus the gastropod meat (flesh) and shells _(Ek_po etal 20_15). Detailed.i nformation on fchestudy—ar_ea
areof considerable economicimportance. Theexploitation  1S9iven by Etim (1996); Etimand Enyenihi (1990); Etim
of the CrossRiver, P. byronensisisnot managed and there  @d Umoh (1992); King (1998, 2013); Moses (1979, 1987,
were no conservation strategiesin place for thisaguatic  1990); Teugels et al (1992). Long-term (30years)
living resource. This was probably due to the dearth of ~ Precipitation data for Itu (Tahal, 1979) indicates the
published information on the biology and ecology of this ~ €XiStence of six seasonal periods: Early Dry Season (EDS

species. Besides, King and Akpan (2010) and King (2013), ~ November), Mid Dry Season (MDS ~ December-
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February), Late Dry Season (LDS~ March-April), Early
Wet Season (EWS~May —July), Mid Wet Season (MWS
~ August) and Late Wet Season (LWS ~ September-
October).

The monthly mean water level closely followed the
rainfall pattern. Thewater level startsto fall in November
and reachesitsminimum level in February- March. It starts
toincreasein May-June astherainsincrease and reaches
itsmaximum level in September.

Theranges of the key limnological parameters of the
study areaare: surfacetemperature (24.5-28.8°C), water
level (1.3-8.3 m), discharge (195-6880 m?/s), transparency
(0.29-1.75 m), pH (5.9-7.3) and dissolved oxygen
concentration (3.5-6.5 mg/l). From these data, the
decreasing order of theamplitude of variation (AVR =
IX.;,) is. discharge (AVR = 35.28), river level (AVR =
6.39), transparency (AVR = 6.03), dissolved oxygen
concentration. (AVR =1.86), pH (AVR = 1.24) and surface
temperature (AVR =1.18).

Sampling was conducted in across channel transectsat
Ayadehe using Petersen’sgrab (areaof opening: 540 cm?)
operated from adugout canoe. Each grab samplewas placed
inalabelled polythene bag and transported to thelaboratory
where the gastropods were washed clean of adhering
sediment particlesand air-dried. Ecological density was
expressed as the number of gastropods per hectare of
available habitat area (D, N.ha'). The month-to-month
percent changein density (%C) was estimated according
toLaMont et al. (1977) and Whitsitt et al. (1985) while
the month-to-month maximum rate of pop ulation increase
or biotic potential (r,__, ) wasestimated according to Odum
(1971) . Limnological parametersweretaken from records
maintained by the Department of Fisheries and Aquatic
Environmental Management, University of Uyo, Nigeria
Themonthly density stability or randomnesswas eval uated
by computing the mean Euclidean distance (MED) for the
month-to-month change in density. The MED was
computed thus:

MED =[(x, —x))]**/N |

where x, = density in month x, ; X, = density inthe month
(x,) preceding x,; N = number of sample units (hereN=12).
The MED was scaled such that MED < 1.000 depicted low
stochasticity; MED = 1-5.000 depicted moderate
stochasticity; and MED>5.000, high stochasticity or
randomness. All statistical analyseswere performed with
the Excel packagein Microsoft Word 2013.

Results

Density evolution and limnological correlates

A total of 360 grab sampleswere taken during this study
of which 69 (19.2%) were positive with gastropod
specimens while 291(80.8%) were negative without
gastropod specimens. The spectrum of monthly mean
density estimates (Table 1) revealed a24.6-fold variation,
from a minimum density of D . = 508000N.ha’ in
December to amaximum density of D, _ = 12510,000N.

ha in January. The annual mean density was D, . =
4849833.3N.ha’. Themonthswith notable mean densities
included February (9.2%),March (7.7%), May (8.1%), June
(7.9%), October (7.9%), and November (16.3%).
Densities were particularly low in August (4.8%),
September (3.4%) and December (0.9%). Between January
and December, the density decreased by 12002,000 N. hat
1 (i.e. 2362.6%). This trandates to an average monthly
popul ation density decrease of 100166.7N. ha'mo™). The
January — December declinein density yielded an annual
total mortality rate of Z =-3.204yr 1. The gastropod density
decreased as the mean individual weight (t) increased
(r? = 0.4697, n=12, p<0.02) according to the linear
equation:

D = 2E +06W — 1E +07 o2

Table 1: Monthly mean density (D, N.ha-1), %D , percent
change (%C) and biotic potential (,,,,..) of P. byronensisin
the CrossRiver, Nigeria.

Months W

Density %D %C Imax

(@ (D) (mo)
(N. ha®)

J 113 12510000 214 +959 3204
F 1.35 5340000 9.2 1343  -5.456
M 2.64 4480000 7.7 4192 -0.176
A 2.42 3290000 5.7 362 -0.309
M 1.80 4700000 8.1 +300 0357
J 231 4570000 7.9 28  -0.028
J 2.82 3980000 68  -10482  -0.138
A 354 2770000 4.8 437 -0.363
s 4.89 1950000 3.4 421 -0.351
o 1.77 4570000 7.9 421 0852
N 1.49 9530000  16.4 +573  3.052
D 2.73 508000 0.9 +521  -2.931

Total 58198000 1000  -1775.9
Mean 4849833 -0.191

W = mean individual weight; %C = percent changeindex.

which explained 46.9% of the variation in density. The
percent density change indices (Table 1) showed that
density increasesin January, May, October and November
whiledensity decreaseswere evident in February, March,
April, June, July, August, September and December. The
sum of the increase factors (i.e. positive change indices)
was +%C = 208.3 while the sum of the decrease factors
(i.e. negative change indices) was -%C = 2025.4. The
arcsine-transformed versions of these figures (i.e. 14.4
vs 45.0) revealed that the decrease factors significantly
exceeded theincreasefactors (X?=7.958, df =1, p<0.005).
The sum of the decrease factorswas 9.7 times the sum of
theincreasefactors. Figure 1 showsthelogistic curvethat
describesthe monthly evolution of the mean density of P.
byronensis. This is based on the rearrangement of the
monthly mean densities in Table 1, from lowest to the
highest. This curve was described by a cubic function of
the form (r? = 0.5351, n=12, p<0.01):

D = 43541M3 — 726221M? +3E + 06M P

which accounted for 53.5 % of the variation in mean
density. In Equation 3, M = months (i.e M, — M, for
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Figure 1. Logistic curve of the monthly mean density

evolution of Pachymelania byronensisinthe CrossRiver,
Nigeria

December —January). Figure 2 showsan asymptoteor river
carrying capacity at D = 12510000 N. ha®. The mean
Euclidean distance for the month —to — month changein
population density was. MED = 0.555. Thisindicates|ow
stochasticity inthe density evolution.

Nigeria

Scale = 1:720 000

B Sampling station.

Figure2: Map of lower Cross River showing the sampling
station.

Themonthly mean densitiesof P. byronensiswerefound
to significantly correlate with some river limnological
parameters, including surface temperature (T, oC) (r2 =
0.4351, n=12, p<0.05), discharge (Q, m3/s) (r? = 0.343,
n=12, p .05), transparency (TR, m) (r? = 0.6783, n=12,
p<0.001), river level (L, m) (r?=0.3703, n=12, p<0.05),
dissolved oxygen concentration (O, mg/l) (r? = 0.3608,
n=12, p<0.05) and hydrogen ion concentration (pH) (r?=
0.4047,n=12, p<0.05). The respective equationsfor these
relationshipswere:

D = 170.46T — 39385
D = 606.160000
D = 27.945 (TR)2—336.42 (TR) + 1349.6 .6

D =-18570L% + 5591291 5 -7E +06L* + 4E
+07L3-1E +08L2 +08L

D =-61.7350* + 1204.50° -8859.70? + 292570 ....8

D = 1562.7 (pH)* — 6945(pH)3 + 69948
(pH)2—3E + 06(pH) + 5E +06 .9

The monthly bictic potentials (Table 1) revealed both
positive and negative val ues. These portrayed respectively,
density increases and decreases. In this regard, the
minimum and maximum density increaseswereregistered
respectively in May and January whereasthe minimum and
maximum density decreases occurred respectively in June
and February. The January-December biotic potential was
I = -3-204. This marked the annual density decrease
from January-December. Major population density
decreases were noted in February (r__ = -5.456) and
December (r_. = -2.931) whereas notable population
density increaseswere observed in January (r, . = 3.204)
and November (r,__ = 3.052). The mean of the negative
biotic potentialswasr___ =-1.219 whilethe mean of the
positive biotic potential wasr = 1.866. If thesignis
ignored, then the mean of the negative biotic potential
exceeded the mean of the positive biotic potential by
26.6%. The monthly biotic potentials were significantly
correlated with river temperature (T, oC) (r? = 0.4269,
n=12, p<0.05) and dissol ved oxygen concentration (O, mg/
) (r? = 0.7847, n=12, p<0.002) according to the
equations.

r_ =06799T3—53.787T2+ 1415.9T — 12403 .... 10

e = D-48130° — 160.160.860° +19480" —
n124570° +4437102-834+ 64782 R

which respectively explained 42.7% and 78.5% of the
variationin biotic potential.

Seasonality in density

The seasonal regimeinthe density of P. byronensis(Figure
3) showed the following decreasing order of abundance:
Early dry season (32.0%), Mid dry season (20.0%), Early
wet season (15.0%), Late dry season (13.0%), Late wet
season (11.0%) and Mid wet season (9.0%).
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Figure 3: Seasonal variation in the mean density of
Pachymelania byronensisinthe CrossRiver, Nigeria. EDS
= Early Dry Season; MDR =Mid Dry Season; LDS=Late
Dry Season; EWS = Early Wet Season; MWS = Mid Wet
Season; LWS = Late Wet Season.

Discussion
Thisstudy that involved the establishment of the density
status of P. byronensisinthelower CrossRiver, Nigeria,
isimportant for the rational management of the resource
becausethe numerical catchisdirectly proportional tothe
stock size as well as to the fishing mortality rate (Tyler
and Gallucci, 1980). Therefore, armed with theinformation
on the resource stock size, fishing quotas can be allotted
to fishers after estimating the optimal fishing mortality
rate that can be adopted without impacting adversely on
the long-term sustainability of the resource stock size.
There are no previous reported population density
estimates of P. byronensisfor comparison with the present
results. However, the current density figures are closely
comparable to the density estimates for Pachymelania
auritain LagosLagoon, Nigeria[3980000-6000,560,000
N. hal; BrownandAjao (2004)]. The annual mean density
of the Cross River P. byronensis (D, ., = 4849833.3
N ha?) shows the occurrence of a considerably large
population size of thisgastropod in theriver. Nonethel ess,
thisfigure may represent an underestimate since this study
was based upon an exploited popul ation base. Theannual
mean density estimatefor avirgin (unexploited) population
would have been much higher. However, thelow index of
popul ation stochasticity (MED = 0.557) indicatesthat the
monthly gastropod fishing operations have limited impact
onthemonthly population sizesof the gastropod population
stability. Itisalso possible that the gastropod has strong
resilience to the operational fishery or else the monthly
biotic potentials are high enough to rapidly replace
individualsfished out of the popul ation on monthly basis.
It is also possible that the compensatory density-
dependence concept isoperational inthispopulation. This
concept stipulates that when the density is reduced by
whatever cause (e.g. fishing), the productivity of an
individual increases, body growth rate increases,

reproductive output is heightened and the probability of
death decreases (Tyler and Gallucci, 1980). The
cummulative effect of these factors compensate the
population for individuals removed via the various
mortality agents.

The CrossRiver P. byronensishasashell height range
of 1-68 mmH with 30 mmH as the dominant size (King
and Akpan, 2010). The generally small body size of this
gastropod intrinsically ensures the sustenance of a high
population density . Thedecreasein density withincreasing
mean body weight (Egn. 2) is probably because the small
gastropods are more tightly packed (by virtue of their
smallness) than large individuals. Equation 3 providesa
good functional predictive model for pragmatic
management purpose as it permits the estimation of
available gastropod stock size in any month of the year
although such estimates may not necessarily be very
accurate. However, they provide good figures on which
rational resource management decisions can betaken. For
instance, it isfrom such data, that fishing quotas can be
logically alotted to the active gastropod fisherswithin the
lower CrossRiver.

This study showed significant relationships between
gastropod density and someriver limnological parameters
(Egns. 4-9). However, these limnological parametersare
generaly referred to as ' density-independent parameters
(Odum, 1971; Dgjoz, 1977). Therefore, theindividual’'s
direct rolesin population density regulation isobscured.
Temperature and dissol ved oxygen supply enhance growth
and survival and hence, increased density. Renaud et al
reported that turbidity, PH and phosphorus concentration
strongly influenced the distribution of snails. Strong river
discharge can dislodge and disperse P. byronensis along
with the bottom deposit. Thisprobably explainstheinverse
exponential relationship between density and river
discharge (Egn. 5).

The decreasein gastropod biotic potential (r,_ ) from
January to December (Table 1) may be attributed to
increased human exploitation pressure as the year
progressed. Thisisbecause exploitationintensity generally
increasesastherainsgradually recede and river discharge/
water level decrease. Furthermore, it could be dueto the
progressive increasein the gastropod mean body weight
(Table 1). The significant relationship between river
temperature and biotic potential (Eqn. 10),agrees with
Dajoz (1977) thatr __, isgenerally temperature- dependent.
Additionally, the present study demonstratesthat r__ also
depends on the amount of available habitat dissolved
oxygen concentration (Eqn. 11). Thus, r__ fluctuateswith
limnological parameters that are related to life support
and growth, i.e. habitat temperature and dissolved oxygen
content). For fisheries purpose, this study indicates that
active fishing is best done in the Early Dry Season
(November) when asubstantial stock of the gastropodis
availablefor exploitation. Conversdly, the Mid Wet Season
(August) supportstheleast available stock for exploitation
(Figure 3). It may be necessary to closefishing during the
Mid Wet Season and Late Wet Season in order to allow
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the stock sizeto build up for fishing during other seasons
of theyear.
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