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Abstract 

We utilized the principal components analysis (PCA) and hierarchical cluster analysis (HCA) to organize 

and interpret numerical abundances of phyto- and zoo-plankton biotypes of the middle course of the Imo 

River in a southeastern locality in Nigeria. PCA was used for data reduction while HCA was used to reveal 

natural groupings within data set of numerical abundances. Phytoplankton taxa abundance was dominated 

by bacillariophyceae (diatoms) (53.25%), while zooplankton was dominated by Cladocera (25.87%). Two 

plankton taxa PCs which accounted for about 76.30% variability in original 14 variables correlated most 

with Rotifera and fish eggs and larvae. HCA revealed chrysophyceans, euglenophyceans, cyanophyceans 

and chlorophyceans, as well as Crab larvae, fish eggs and larvae, beetle larvae and Copepoda forming the 

first and richest phytoplankton and zooplankton clusters, respectively. Results reveal that both extraction 

and clustering outputs utilized underlying criteria (such as seasonality and climatic variability) rather than 

numerical abundances in their classifications.  

Keywords: Plankton taxa, PCA, HCA, multivariate analysis, numerical abundance 

 

1. Introduction 

Several plankton population studies have utilized endogenous, non-linear density-dependent factors to draw 

conclusions, even as few others have emphasized the utilization of exogenous forces in linearity studies 

(Belgrano et al., 2004). The application of multivariate techniques in a variety of disciplines, ranging from 

the Arts, through the Humanities to the Sciences has also made them suitable for capturing observed 

population oscillations in the ecosystems better, depending on the objective of the study in question. 

According to Khattree and Naik (1999), the subject of multivariate analysis deals with the statistical 

analysis of data collected on more than one variable, which may be correlated with each other, and their 

statistical dependence is often taken into account when analyzing such data. Plankton studies therefore 

could utilize multivariate techniques in the organization and interpretation of ensuing data, given the fact 

that different taxa could be taken to represent composite multivariables needed to prompt analyses runs. 

 

Of these techniques, the current study utilized the principal components analysis (PCA) extraction method 

of factor analysis and the hierarchical cluster analysis (HCA) for data reduction and revelation of natural 

groupings within a data set of numerical abundance of plankton, respectively. According to the PEC (2008), 

the purpose of data reduction is to remove redundant (highly correlated) variables from the data file, 
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perhaps replacing the entire data file with a smaller number of uncorrelated variables. On the other hand, 

HCA is an exploratory tool designed to reveal natural groupings (clusters) within a data set that would 

otherwise not be apparent. Through these techniques, one can make certain conclusions necessary for 

understanding less explored relationships existing in the ecosystems of bioindicators. 

 

2. Materials and Methods 

2.1 Study Area 

Plankton sampling was conducted within the middle reaches of the Imo River in Etche Local Government 

Area (LGA) of Rivers State, Nigeria, between longitude 06˚ 05' and 07˚ 14'E and latitude 05˚ 08' and 04˚ 

45' N (Figure 1). The climate of the area is typical of the tropical rainforest zone, annual rainfall is between 

160-236cm in about 300 rain days especially during March-November, temperature ranges are between 24 

and 38 ºC, and humidities of up to 90% are usually recorded during the wet season (SPDC, 1998). 

Sampling was done once monthly for 24 months (March 2007-February 2009) at 7 sampling locations 

along the course of the river. In-stream sand mining was ongoing at all the sampling locations during the 

study period. 

 

2.2 Field Sampling 

Plankton samples were collected with plankton net of mesh size 55µm which was hauled horizontally along 

the river course for 5 minutes at each sampling location according to the methods of Grant (2002) and 

Anene (2003). Collected samples were later fixed in 4 % formalin solution in labeled plastic containers 

according to the method of Boney (1983) and Anene (2003) and taken to the laboratory.  

2.3. Laboratory Analysis 

Samples were homogenized by inverting the containers a few times. With a wide-mouthed pipette, 1ml of 

the plankton subsample was withdrawn from the field samples, placed on a Sedge-wick rafter-counting 

chamber and observed by direct microscopy. Keys provided by Whitford and Schumacher (1973), 

Needham and Needham (1974), Cole (1978), Maosen (1978), Jeje and Fernando (1986; 1991), Egborge 

(1994), and APHA (1998) were used for species identifications. Counts were made in triplicates and their 

averages taken and expressed as either cells/ml for the phytoplankton or organisms/ml for the zooplankton 

biotypes.  

2.4. Statistical analysis 

Multivariate statistics as provided by the SPSS Version 17.0 (PEC, 2008) was used. The factor analysis 

procedure, using principal components analysis (PCA) extraction method for data reduction was used to 

remove redundant (highly correlated) plankton taxa (variables) from the data file and replacing the entire 

data file with a smaller number of uncorrelated variables (factor). Factor rotation for the transformation of 

extracted components to a new position for interpretation was achieved with the Varimax method. The 

magnitudes of the eigenvalues and 75% (0.75) rule for variance contribution were used for factor selection 

(Manly, 1986). The hierarchical cluster analysis (HCA) was used to explore and reveal natural groupings 

(or clusters) within the plankton assemblages that would otherwise not be apparent. 
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3. Results 

3.1 Plankton composition and abundance 

A total of 2292 plankton cells and organisms/ml of water were counted in the river during the study period. 

Out of this, 1859 cells/ml were phytoplankton while 433 organisms/ml were zooplankton species. Seven 

taxa each were recorded for the phytoplankton and zooplankton biotypes. 

3.2. Principal components analysis (PCA) 

The extracted components represent the plankton taxa well as the communalities were all high. The initial 

eigenvalue reveals that the first two PCs formed the extraction solution with eigenvalues greater than 1. The 

extracted components explain about 76% of the variability in the original 14 taxa, with only about 24% loss 

of information (Table 1). The first component alone explained about 60.31% and the second 15.99% of the 

variability.  

The rotation also maintains the cumulative percentage of variation explained by the extracted components, 

with that variation spread more evenly over the components (Table 2). This is an indication that the rotated 

component matrix will be easier to interpret than the unrotated one. The scree plot shows that the extracted 

components which contributed about 76.30% are on the steep slope, while the components on the shallow 

slope contributed little to the solution. The last big drop occurred between the second and third components 

(Figure 2). 

The rotated component matrix reveals that the first component is most highly correlated with the rotifers 

(0.933) and the second with fish eggs and larvae (0.914) (Table 3). The scatterplot matrix of the component 

scores revealed a slightly skewed distribution in the two extracted components (Figure 3). 

 

3.3. Hierarchical cluster analysis (HCA) 

The hierarchical cluster analysis, using the complete linkage classification produced the coefficient column 

that reveals three major clusters occurring between stages 18 and 19, 20 and 21, and 22 and 23. The 

dendrogram (Figure 4) confirms the three main clusters, with Chrysophyceae, Euglenophyceae, 

Cyanophyceae and Chlorophyceae belonging to the first cluster, Pyrrophyceae and Xanthophyceae 

belonging to the second, and Bacillariophyceae belonging to the third cluster. This indicates a richer species 

abundance and diversity in the first cluster and single diversity in the third cluster. 

 

For the zooplankton assemblage, the coefficient column reveals classification into four major clusters, as 

confirmed by the dendrogram (Figure 5). The clusters occurred in stages 19 and 20, 20 and 21, 21 and 22, 

and 22 and 23.  The first cluster, with richer plankton abundance and diversity contained crab larvae, fish 

eggs and larvae, beetle larvae, and Copepoda. The second and third clusters contained the lone rotifers and 

cladocerans each, while the last cluster contained the lone protozoans. 

 

4. Discussion 

4.1 Principal components analysis (PCA) 

The two zooplankton taxa PCs that were extracted (rotifer and fish eggs and larvae) accounted for high 

variability of 76.30% in the original 14 variables (plankton taxa). The exclusion of phytoplankton 

representative in the PCs indicates absence of the common ecological trophic relationships that exists 
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between the plant and animal plankton in the extraction criteria utilized. The PC taxa were composed of 

moderately abundant (rotifers) to sparsely abundant and low diverse plankton biotypes (fish eggs and 

larvae); with the latter taxa (which though contributed much lesser variability) showing significant seasonal 

variability. This implicates seasonality as an exogenous determinant force in the population dynamics of 

this study. 

 

4.2. Hierarchical cluster analysis (HCA) 

Three major assemblages were observed. They were: 

• A blend of both highly diverse and high densities blue-green and green algae 

(phytoplankton) and the crustacean Copepoda (zooplankton), and sparsely diverse and low densities 

Euglenophyceae (phytoplankton) and crab larvae, fish eggs and larvae, and beetle larvae (zooplankton) 

taxa. 

• A cluster of low densities and sparsely diverse Pyrrophyceae and Xanthophyceae 

(phytoplankton) taxa with comparatively low spatio-temporal distributions, and 

• Lone clusters of very high densities and most diverse diatoms (phytoplankton) and 

Cladocera, Rotifera and Protozoa (zooplankton) taxa, with high seasonal and high spatio-temporal 

distributions. 

These clustering patterns make it expedient to agree with the suggestion of Belgrano et al. (2004) that 

exogenous forces exert significant influences on observed non-linearity outcomes in (marine) plankton 

population systems dynamics. They explained that both non-linear endogenous (i.e. feedback structures) 

and exogenous (e.g. climatic factors) responses are relevant for understanding how climate variability could 

affect natural systems in the environment. 

 

5. Conclusion 

Forty three (43) genera of phytoplankton, with a mean density of 1859 cells/ml were identified. The 

numerical order of dominance of the taxa was Bacillariophyceae> Cyanophyceae> Chlorophyceae> 

Chrysophyceae> Pyrrophyceae> Xanthophyceae> Euglenophyceae. Zooplankton was made up of 7 taxa 

and a mean density of 433 organisms/ml, with order of dominance as Cladocera> Copepoda> Protozoans> 

Rotifera> fish eggs and larvae> Crab larvae> Beetle larvae. Two plankton taxa PCs which accounted for 

high variability (76.30%) correlated most with the rotifers and fish eggs and larvae, with slightly skewed 

distribution patterns. The HCA revealed that the chrysophyceans, euglenophyceans, cyanophyceans and 

chlorophyceans (phytoplankton), as well as Crab larvae, fish eggs and larvae, beetle larvae, and Copepoda 

(zooplankton) formed the first and richest clusters, while the Bacillariophyceae, Rotifera and Cladocera 

each formed lone clusters. Results of both PCA and HCA indicate that outputs must have utilized other 

underlying criteria (such as seasonality and climatic variability) than numerical abundances in their 

classifications.  
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Figure 1. Location map showing the sampling locations on Imo River in Etche LGA 

 

Figure 2. Scree plot of eigenvalues of initial component 
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Fig. 3. Scatterplot matrix of component scores of the plankton taxa 
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Dendrogram using Complete Linkage 

                                     Rescaled Distance Cluster Combine 
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                         19   -+ +---------+ 

                         22   -+ |         | 

  Xanthophyceae           7   -+ |         | 

                         20   -+-+         | 

                          8   -+           | 

                          9   -+           +-----------------------------------+ 

                         17   -+---+       |                                   | 

                         21   -+   +-+     |                                   | 

  Bacillariophyceae       1   -+-+ | |     |                                   | 

                         23   -+ +-+ |     |                                   | 

                         14   -+ |   +-----+                                   | 

                         18   -+-+   |                                         | 

                         16   -+     |                                         | 

                         15   -------+                                         | 

                         12   -+-----------+                                   | 

                         13   -+           +-----------------------------------+ 

                         24   -------------+ 

Figure 4. Dendrogram showing hierarchical clustering of phytoplankton of Imo River in Etche LGA 
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Dendrogram using Complete Linkage 

                                     Rescaled Distance Cluster Combine 
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Figure 5. Dendrogram showing hierarchical clustering of zooplankton of Imo River in Etche LGA 

 

 

Table 1. Total variance explained in extracted component of the plankton taxa of Imo River in Etche LGA  

 

Components      Extraction sums of squared loadings 

    Total   % of variance    Cumulative % 

 

1   8.444   60.311     60.311 

 

 2   2.238   15.987     76.299 
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Table 2. Rotated total variance explained of the plankton taxa of Imo River in Etche LGA 

 

 Components        Rotation sums of squared loadings 

    Total     % of variance      Cumulative % 

 

1   8.191     58.510      58.510 

 

2   2.490     17.789      76.299 

 

 

 

 

Table 3. Rotated component matrix of the plankton taxa of Imo River in Etche LGA 

 

Parameters             Components 

            1          2       

 

Rotifers           0.933   

 

Fish eggs and larvae          0.914 
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