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Abstract: The seasonal cycles of migratory birds in predicting the carrying capacity of a marine ecosystem in the 

Kingdom of Bahrain was conducted. This study specifically determines the total number of avian migrants at varying 

months and annual cycles; find out significant difference in the total number of non-volant avian migrants at different 

annual cycles; and predict the carrying capacity (M) of the marine ecosystem using a logistic model. Results showed 

that the total number of avian migrants is high during the month of December in 2013 (642), and low in January 2011 

(516). Similarly, the total number is high in cycle 3 (2013) with a total of 2,720 non-volant avian migrants while low in 

cycle 1 (2011) with 2,242. Statistical analysis using ANOVA revealed significant difference in the number of avian 

migrants at varying annual cycles. Avian migrants preferred the marine ecosystem as their temporary habitat during 

their annual cycles which provides various resources. The carrying capacity (M) of the identified marine ecosystem can 

be predicted using a logistic model. Assuming that the population growth rate of avian migrants is low (r = 0.4), and M 

= 1000, results depicted that the fraction of unused carrying capacity can still support the growing population. This is 

evidenced by the 45% unused fraction of the carrying capacity during the terminal cycle in 2013. Results further predict 

that the future carrying capacity will be reduced. Hence, the annual cycles of avian migrants predicts the carrying 

capacity of the identified marine ecosystem using a logistic model. 
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I. INTRODUCTION 

     The coastal zone and the marine environment in the 

Kingdom of Bahrain support a range of coastal and sea 

birds. The area is richly endowed with important resources 

which served as hosts to seabird migrants. The annual 

cycle of bird migration had been observed in the coastal 

and marine areas. The coastal and marine ecosystems 

provide a wide range of habitat [1] for the seasonal 

migration of birds. Migratory birds are visitors in the area 

en route to their destinations [2]. The local abundance and 

spatial distribution of migratory birds is attributed to 

various factors [3]. Migration as a behaviour allows 

exploitation of seasonally productive environment [4, 5]. 

Bird migration is marked by cyclical patterns in response 

to changes in food availability [6], habitat or weather. 

Migration is typically a long established route over a very 

long distance [7]. However, these animals remain flexible 

to environmental conditions [8] in terms of food supply [9] 

and temperature [10] which vary annually. Migrant 

species find the marine environment as the best ecological 

condition for feeding [11,12], breeding [13-15], and 

raising their young. The temperature changes in the coastal 

and marine environments [16] are favourable for the many 

migratory birds other than its natural inhabitants. Avian 

migration is a consequence of seasonal changes in 

population density of a particular area [17]. The clumped 

spatial distribution of migratory birds showed habitat 

preference [18]. 

     Carrying capacity is an ecological index which 

expresses the relationship between the population and the 

natural environment [19]. This is based on the premise that 

a given habitat can support a population for a period of 

time. Likewise, the maximum population that can be                                           

 

 

supported depends on the level of resources over a 

particular period of time [20]. Hence, annual fluctuation in 

density is an estimate of carrying capacity using a logistic 

model [21]. The maximum number of avian migrants the 

habitat can support for the entire season determines the 

carrying capacity [22]. The assumption on the limit of the 

number of individuals that can be supported at a given 

level of consumption without considering the environment 

reduces future carrying capacity. 

     Hence, this research undertaking was conducted to 

determine the seasonal cycles of avian migrants in 

predicting the carrying capacity of a marine ecosystem in 

the Kingdom of Bahrain. Specifically, this study was 

conducted to find out the total number of non-volant avian 

migrants at varying annual cycles; determine significant 

difference in the number of non-volant avian migrants at 

different annual cycles; and predict the carrying capacity 

(M) of the marine ecosystem based on the population of 

avian migrants using logistic model. 

II. RESEARCH METHOD 

     This is a descriptive-experimental research which made 

use of the number of avian migrants in the identified 

marine ecosystems at varying months for three annual 

cycles. This then determined the over-all carrying capacity 

using a logistic model which assumed a low density 

growth rate, r = 0.4 and carrying capacity, M = 1000. 

     Field monitoring of aerial temperature was done 

simultaneously during the field sampling once every 

month of each sampling month. 

     A regular or systematic sampling with fifteen 

established sampling units was used to determine the 
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number of avian migrants in the sampled marine 

ecosystem. An imaginary transect line measuring 10 

meters and separated by a distance of 1 meter were 

established perpendicular to the end-to-end stretch of the 

identified area where the non-volant migratory birds were 

mostly clumped. Visual counting of non-volant avian 

migrants was done 5.0 meters offshore using a focusing 

digital camera pixel and electronic stopwatch. 
 

 
Fig. 1 Established imaginary transect line 

 

A. Determination of Carrying Capacity (M) and 

Statistical Analysis 

The use of a logistic model [21] as a predictor of carrying 

capacity of the identified marine ecosystems utilized both 

the population size and the fraction of unused carrying 

capacity. The population size that the environment can 

support  is based on the population size Pt, in time period 

t, and carrying capacity M, is the population size. Thus, 

the unused fraction is expressed as 
M

Pt1
.  The fraction 

of the carrying capacity that is used as 
M

Pt
. It was 

assumed that the growth rate, r = 0.4 determined the 

population size, Pt in relation to carrying capacity, M. The 

formula Pt + 1 – Pt = 0.4 x Pt x   1- 
M

Pt
    is used   to 

determine the carrying capacity of the sampled area with 

M = 1000. 

     The use of Analysis of Variance (ANOVA) determined   

significant difference in the number of non-volant 

migratory birds at different annual cycles. 

III.  RESULTS AND DISCUSSION 

A. Total Number of Migratory Birds for Three (3) 

Annual  Cycles, 2011-2013 

 
Fig. 1 Total number of migratory birds for three annual 

cycles 

     As presented in Fig. 1, the total number of migratory 

birds is high during the month of December 2013 (642), 

followed by February in 2012 (548), and in January 2011 

(516). Of the three (3) annual cycles, the total number of 

avian migrants is highest in 2013 (Total= 2720) with a 

mean = 544, followed by in 2012 (Total = 2371), mean = 

481 and lowest in 2011 (Total = 2242), mean = 448. 

Results imply that the coastal and marine ecosystem in the 

Kingdom of Bahrain is productive in marine resources. 

This is evident of the clump spatial distribution which 

showed habitat preference [18]. 
 

Table 1. Result of Analysis of Variance (ANOVA) on the 

number of avian migrants  at varying annual cycles 

___________________________________________ 

                  SS             df     MS           F-value   p-value 

Between  24,461.733  2   12,230.867 20.019    0.000* 

Groups 

Within     5,866.335   12  488.861 

Groups   

Total       30,328.068 

_____________________________________________ 

*The mean difference is significant at .05 level. 
 

     Statistical analysis using ANOVA showed significant 

difference in the number of migratory birds at varying 

annual cycles. Result implies that the number of migratory 

birds increases every annual cycle. This can be attributed 

to the milder temperature in the area with a mean 

temperature range of 15.1
o 

C to 30
o
C during the study 

periods. It was observed that the coastal and marine 

ecosystems respond to seasonal variations which include 

both the biotic and abiotic factors.  The temperature 

changes in the coastal and marine environment are 

favourable for many migratory birds [16]. However, these 

animals are flexible to environmental conditions [8]. This 

then characterized the benefits of the transient inhabitants 

like the migratory birds as depicted in this study. 

However, actual temperature monitoring and recording to 

support the effects of global climate change to marine life 

were not identified. 

B. Predicted Carrying Capacity (M) based on the 

Population of Avian Migrants for Three (3) Annual Cycle, 

2011-013 

Table 2. Percent (%) Unused and Used Fraction of the   

Carrying Capacity (M) 

 

Month 

Annual Cycle 

2011 

(in %) 
Unused   Used 

2012 

(in %) 
Unused   Used 

2013 

(in %) 

Unused   Used 

November 65 35 61 39 55 45 

December 51 49 50 50 36 64 

January 48 42 51 49 38 62 

February 53 47 45 55 48 52 

March 58 42 56 44 50 50 

Weighted 

Mean 

 

55 

 

45 

 

52 

 

48 

 

45 

 

55 
 

     Table 2 shows the percent (%) unused and used 

fraction of the carrying capacity (M) based on the 

population of migratory birds. The unused fraction of 

Month Nov Dec Jan Feb Mar Total Mean

Series1 2011 347 487 516 472 420 2242 448

Series2 2012 391 502 487 584 443 2371 481

Series3 2013 450 642 617 515 496 2720 544
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carrying capacity is high in November (65%) and low in 

January (48%) in cycle 1 (2011); November (61%) and 

February (45%) in cycle 2 (2012); December (64%) and 

November (45%) in cycle 3. It can be noted that during the 

given times, the mean percent of unused fraction of 

carrying capacity is inversely proportional to the used 

fraction of the carrying capacity. Based from this result, it 

can be inferred that the unused fraction of carrying 

capacity decreases as the used fraction increases. The 

number of migratory birds significantly increases at 

varying annual cycles (Table 1), hence, a fluctuation in 

population size. This implies an estimate to carrying 

capacity [21] which determines the relationship of 

population, natural environment, and the available 

resources of the area. Further, it can be predicted that the 

population size of avian migrants will be almost to 

carrying capacity. This can be further interpreted that the 

growth rate has fallen to 0.4% per time period with the 

assumption that r = 0.4 and M = 1000. At this point, the 

available resources of the area can only support the given 

population for the entire season [22] which determines 

the carrying capacity of this particular marine ecosystem. 

IV.  CONCLUSION 

The coastal and marine ecosystems in the Kingdom of 

Bahrain are endowed with resources for non-volant avian 

migrants, thus increasing the population at varying annual 

cycles. The number of avian migrants varies significantly 

at differently annual cycles which determine the unused 

fraction of carrying capacity (M). Using a logistic model 

predicts the carrying capacity of the identified marine 

ecosystem assuming a low density population growth rate, 

r = 0.4 and M = 1000. Hence, the available resources can 

still support the future avian migrants, however, reducing 

the future carrying capacity. 
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