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Abstract—In this paper, the effects of zero abundance data on 
fish habitat modelling using a genetic Takagi-Sugeno fuzzy 
system were assessed with specific focus on habitat preference 
curves (HPCs) and model performance. Three independent data 
sets were prepared from a series of fish habitat surveys 
conducted in an agricultural canal in Japan. To quantify the 
effects of zero abundance data, two kinds of data (full abundance 
data and presence-only abundance data) were used, from which a 
fuzzy habitat preference model (FHPM) were developed. As a 
result, the HPCs obtained using presence-only abundance data 
resulted in similar HPCs across the different data sets used, while 
those obtained using full abundance data differed by the data sets. 
Because the model performance with regard to generalization 
ability was higher, the present study concluded that the use of 
presence-only abundance data can better capture the habitat 
preference of the target species.  

Keywords-genetic fuzzy systems; species distribution; habitat 
model; model error; uncertainty  

I.  INTRODUCTION 
Genetic fuzzy systems (GFSs) have been widely applied to 

various research fields because of their ability to solve different 
types of problems [1], [2]. The GFSs have been applied to 
many disciplines using such approach as linguistic fuzzy 
models [3] and precise fuzzy models [4], [5] (for a review, see 
[6]). In ecological modelling, GFSs have also been used for 
tuning the membership functions of Mamdani–Assilian models 
[7] and the consequent part of Takagi–Sugeno models [8]–[16]. 
They are data-driven models, which have been reported to 
outperform knowledge-based models in the case of habitat 
modelling [17]. These application studies support the strengths 
of GFSs, i.e., the flexibility of the model structures and their 
ability to tune knowledge-based systems according to the new 
data sets for a given problem. Because the applicability of 
GFSs depends on the target systems and available data, it is 
necessary to accumulate both theoretical and application 
studies to better understand the ability and limitations of GFSs 
and the related modelling approaches. 

In practical implementation of species distribution models 
(SDMs), presence-only data are often used because of the 
availability compared to presence-absence or abundance data 
[18]–[21]. On the one hand, presence data indicate clear 

evidence that target fish were observed at a surveyed point. On 
the other hand, zero abundance data (also referred to as absence 
data in presence-absence analysis) contain essential uncertainty. 
For instance, there could be a case where target species were 
absent due to the presence of enemy species or simply because 
the habitat was not yet occupied by the species. This 
uncertainty has been used as an explanation for the errors in 
SDM-related studies [17], [22], [23]. Despite the previous 
researches [24], [25] on the effects of absence data or 
prevalence of the data on the predictive performance of the 
models used, no study evaluated the effects of zero abundance 
data on habitat preference evaluation. Therefore, it is important 
to understand the behaviour of a target model in response to 
different qualities of data, from which existing models can be 
improved and also new models can be further developed. 

The aim of this study is to assess the effects of zero 
abundance data on model performance and habitat preference 
evaluation using a genetic algorithm (GA) [26]-optimized 
fuzzy habitat preference model (FHPM). A series of fish 
habitat surveys focusing on Japanese medaka (Oryzias latipes) 
were conducted, from which three independent data sets were 
derived for the analyses. The effects of zero abundance data 
were assessed on the basis of habitat preference curves (HPCs) 
and predictive accuracy of spatial distribution of the fish.  

II. METHODS 

A. Study site and target fish 
A series of field surveys was carried out in an agricultural 

canal located in Kurume City, Fukuoka, Japan (33�20’ N, 
130�42’ E). The spring-fed canal runs through paddy fields and 
is used for both irrigation and drainage purposes. The Japanese 
medaka is one of the most common fish in paddy environments 
in Japan. This fish is considered to be one of the symbols for 
the conservation and restoration of rural environments, because 
the fish is vulnerable to changes in physical habitat conditions 
such as current velocity. This is partly ascribed to the body 
length of the Japanese medaka (2–4 cm in length for an adult). 

B. Fish Habitat Surveys 
The field surveys were conducted on 14 October, 5 and 9 

November 2004. The surveys were conducted during a non-
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irrigation period, and thus the discharge in both reaches 
remained stable. The habitat use of the Japanese medaka and 
four physical habitat characteristics of water depth (cm, 
henceforth referred as depth), current velocity (cm s 1, 
velocity), lateral cover ratio (%, cover) and percent vegetation 
coverage (%, vegetation) in the study reach were surveyed on 
sunny days. After mapping the reach, the habitat use of the fish 
was observed, and then the physical habitat characteristics 
within the reach were surveyed.  

The habitat use of Japanese medaka was observed visually 
from the bank; the observer moved slowly and carefully to 
avoid disturbing the fish. The number of the fish was counted 
in units of five to consider the habit of school formation; fish in 
a small school (less than five) were not counted. The fish 
observations were repeated eight times and the results were 
averaged in order to reduce observational errors.  

Immediately after completing the fish observation, the four 
physical habitat variables of depth, velocity, cover and 
vegetation were surveyed to establish a relationship between 
the habitat variables and the habitat preferences of Japanese 
medaka. First, depth and velocity were measured, in which 
depth was measured with a stainless steel ruler and velocity 
was measured with a portable propeller current meter 
(KENEK, V-303) at three lateral points comprising a midpoint 
and two near-shore points at longitudinal intervals of 1 m. 
Next, the study reach were divided into small water units 
having a similar condition with regard to depth and velocity. 
The other two factors of cover and vegetation were then 
calculated at each water unit. The lateral cover ratio is defined 
as a function of the presence of a lateral cover, which 
comprises the water’s edge, a dike, or anything that emerges 
from the water surface and surrounds the water body. The 
cover thus consists of four components (four lateral sides). The 
maximum cover ratio is 100%, and each of the cover 

components is assigned a score of 25%. In the definition of the 
cover, objects attached to more than 90% of the boundary 
between water units were regarded as cover components. That 
is, only instream and undersurface cover structures that may 
have the same effects as the margin of the stream were 
considered as cover components. Percent vegetation coverage 
is defined as the percentage of the area covered with aquatic 
vegetation in each water unit. Both submerged and emergent 
vegetation were pooled because of their same roles in 
providing foods and shelters from predators and fast-flowing 
currents. 

The fish distribution data used in the following analyses 
were the log-transformed fish population density observed at 
the ith water unit FPDo,i (individuals per square metre), where i 
(= 1, 2, …, N) denotes the index of the water units and N is the 
total number of water units (Fig. 1). 

C. Fuzzy Habitat Preference Model 
In the present study, a fuzzy habitat preference model 

(FHPM; [8]) was employed. The FHPM is a 0-order Takagi-
Sugeno model [27] which relates habitat variables to habitat 
preference by considering uncertainties such as fish behaviour 
and measurement errors of the physical habitat variables. 
FHPMs have been applied to modelling the habitat use of 
Japanese medaka in a laboratory experiment [7] and at a 
microhabitat scale [9–15]. The FHPMs has also been applied to 
habitat evaluations at a larger spatial scale [16]. A FHPM can 
be viewed as a fuzzified version of a GA-optimized piecewise 
constant model [12], in which simultaneous optimization of all 
model parameters enables an FHPM to evaluate habitat 
preference, even under the nonlinear, complex interactions 
between habitat variables and habitat preference [11]. The brief 
description of an FHPM follows. 
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Figure 1.  Results of fish habitat surveys. 
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The present FHPM is a single-input single-output fuzzy 
system and has 4 sets of if-then rules, comprised of 4 rules for 
depth and velocity, and 3 rules for cover and vegetation (14 
rules in total). The input values (four habitat variables) were 
expressed by symmetric triangular fuzzy numbers with centre 
αm and spread σm, where m denotes the habitat conditions of 
depth, velocity, cover and vegetation, to consider the 
measurement errors and the spatial variances of the habitat 
variables. The centre αm is the observed value and the spread 
σm is determined from the allowable variances when dividing 
the reach into water units: 1 cm was given for the spread of 
depth σd, 1 cm s–1 for velocity σv and 10% each for cover σc 
and vegetation σveg. The abbreviations d, v, c and veg denote 
depth, velocity, cover and vegetation, respectively. The 
antecedent parts of the FHPM (the membership functions) were 
defined to extract habitat requirements of the target fish (Fig. 
2). Each membership function has a corresponding singleton 
value in the consequent part. The habitat preference was 
calculated by taking a weighted mean of the singleton values in 
the consequent parts, with the membership degrees as weights. 
The singleton values in the consequent part are in the range [0, 
1] and were determined by a GA so as to minimize the mean 
squared error (MSE) between the modelled and observed fish 
population density. That is, the fitness function of the GA is a 
reciprocal of the MSE. The present GA consisted of a 
population of 100 individuals, each of which has a 56-bit string 
(4 bits × 14 singletons). The shape of the habitat preference 
curves (HPCs), i.e., a set of singletons for a habitat variable, 
was constrained to have a unimodal or monotone form with 
maximum preference of one. Specifically, the model was 
penalized by giving large MSE values when the above 
regulation was violated. In the estimation of the fish population 

density, a composite habitat preference according to the four 
habitat variables was calculated as  

 iiiii PPPPHP ,veg,cv,d, ×××=   (2) 

where HPi denotes the habitat preference in the ith water unit, 
and Pd,i, Pv,i, Pc,i, and Pveg,i are the habitat preference to 
individual habitat variables of depth, velocity, cover and 
vegetation, respectively. The product operation is reported to 
produce a FHPM with higher performance with consistent 
habitat preference curves [16]. The habitat use of Japanese 
medaka was then estimated using the equation: 
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where FPDc,i is the calculated fish population density in the ith 
water unit, and FPDo,i is the observed fish population density. 
The MSE was calculated accordingly and the GA repeatedly 
modified the model structure (the singletons in the consequent 
part) using three genetic operations: roulette wheel selection 
with an elitist strategy, uniform crossover and mutation at a 
probability of 5%. After 2,000 iterations, the optimal model 
was obtained. The GA optimization was repeated using 20 
different sets of initial conditions. 

D. Model Development and Analysis 
To assess the effects of zero abundance data (i.e., data at 

which no fish was present) on the habitat evaluation of 
Japanese medaka, two kinds of data were used: full abundance 
data (henceforth referred to as full data) and the data without 
zero abundance (henceforth referred to as presence-only 
abundance data). The full data consist of both abundance data 
and zero abundance data, whereas presence-only abundance 
data consist of only abundance data (i.e., full data without zero 
abundance data). FHPMs were developed using three 
independent data sets with two kinds (full and presence-only 
abundance data), in which a data set was used for model 
calibration and each of the remaining two data sets were used 
for model validation. HPC for a habitat variable was obtained 
by providing consecutive values, which were in the range of 
the corresponding membership functions (in steps of 0.1), to 
the FHPM of which the output values were plotted against the 
habitat variable. HPCs were evaluated according to the shapes 
and variances of all HPCs from 20 different initial conditions. 
Consistent HPCs indicate that consistent ecological knowledge 
was extracted by FHPMs. A variance in HPCs reflects the 
variance in model structures optimized using 20 different initial 
conditions in the GA optimization, and quantifies the 
convergence of model parameters. Consistency or a smaller 
variance in HPCs would thus demonstrate the appropriateness 
of the model developed.   

The accuracy of the model was evaluated based on the 
MSE between predicted and observed fish population density. 
The MSE was calculated for the three cases of species 
distribution modelling of the fish: prediction using full data by 
FHPMs developed from full data, prediction using full data by 
FHPMs developed from presence-only abundance data, and 
prediction using presence-only abundance data by FHPMs 
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Figure 2.  Membership functions. 
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developed from presence-only abundance data. Mean and 
standard deviation of the MSE values across 20 different initial 
conditions were used as performance measures. The smaller 
MSE values in validation data sets indicate the higher 
generalization ability of the models.  

III. RESULTS 
The full data and presence-only abundance data result in 

slightly different HPCs (Figs. 3–4), in which differences are 
also found across data sets used. The difference can be seen 
from the shape or trend of HPCs and the degree of preference. 
For instance, it is observed from the HPCs for depth derived 
using the full data (Figs. 3a(i)–3a(iii)) that Japanese medaka 
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Figure 3.  Habitat preference curves of fuzzy habitat preference models developed using full abundance data 
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Figure 4.  Habitat preference curves of fuzzy habitat preference models developed using presence-only abundance data. 
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prefers a larger water depth as a trend, while different degrees 
of preference around the depth over 10 cm are observed 
between the three data sets. For velocity, the degrees of 
preference at the velocity of 10 to 15 cm s 1 are found to be 
different between the data sets of 14 October and the other data 
sets (Figs. 3b(i)–3b(iii)). The difference of HPCs are not clear 
for cover (Figs. 3c(i)–3c(iii)), of which the convergence are 
slightly better in the data sets on 14 October. For vegetation, 
the degree of preference to the larger vegetation is higher in the 
data sets on 9 November (Figs. 3d(i)–3d(iii)). These differences 
between data sets can be the source of errors in validation data 
sets (Table Ia). Large errors are observed at model 2 for the 
data set of 14 October and model 3 for the data sets of 14 
October and 5 November, which is partly ascribed to the 
overestimations of fish population density.  

In the case where presence-only abundance data were used, 
the differences in HPCs between data sets are found to be small 
(Fig. 4). While the degrees of preference are slightly different 
between the HPCs from different data sets, the trends of HPCs 
are the same across the data sets. The slight differences in the 
degree of preference are observed at the HPCs for velocity over 
20 cm s 1 and those for vegetation (Figs. 4b and 4d). The HPCs 
for vegetation developed using the presence-only abundance 
data show weak trend over the variable range (Fig. 4d(iii)), 
which would indicate a small contribution of the variable in 
modelling spatial distributions of the fish using the data set. 
The HPCs obtained from presence-only abundance data result 
in worse accuracy when testing the FHPMs by the full data 

(Table Ib) but better accuracy when testing the FHPMs by the 
presence-only abundance data (Table Ic). Despite the different 
accuracy between the FHPMs developed using the presence-
only abundance data (Table Ib–Ic), the accuracies are better 
than that of FHPMs developed using the full data (Table Ia). 

IV. DISCUSSION 
The present results illustrated that the zero abundance data 

affect model performance of the FHPMs (Figs. 3–4, Table I), 
which was observed through the HPCs and resulting MSE 
values. The reduced standard deviation values of MSEs 
indicate that the zero abundance data can be a source of 
uncertainties in species distribution modelling (Table I). This is 
clear, to some extent, because zero abundance contains two 
possible cases of true and chance absences. The former means 
that the fish was absent because the fish avoided it, while the 
latter means that the fish was absent because the habitat was 
not yet occupied or because of presence of predator or 
competitive species, even the habitat was preferable for the fish. 
As a result, model predictions in the former case are evaluated 
to be perfect fits, while model predictions in the latter case are 
to be errors. This type of errors is the same as the errors that are 
reported as false positives in presence-absence modelling [17], 
[22], [23]. It is also reported that the proportion of presence 
data to total data, often termed as prevalence, affects the 
performance of SDMs (see [24], [25] for reviews). Accordingly, 
it could be concluded that the model performance is affected by 
not only the prevalence of data but also the proportion of true 
and chance absences in absence data or zero abundance data. 
However, it is impossible to distinguish true and chance 
absences at the moment. Novel methods are, therefore, needed 
to be developed for better understanding the model behaviour 
to uncertainties associated with the data used.  

The present results demonstrated the higher generalization 
ability of FHPMs developed using presence-only abundance 
data, which can be mainly because of the consistent HPCs 
obtained (Figs 3–4). For instance, the present HPCs show a 
consistent trend of habitat preference that the fish prefer a 
larger depth, a slower velocity, a larger cover and a smaller 
vegetation with a small difference of the degree of preference. 
This supports the appropriateness of presence-only abundance 
data in species distribution modelling, especially where HPCs 
are necessary or important. The differences in HPCs have been 
reported as a ‘transferability’ of a habitat model [10], [14], 
[28]–[31]. References [32], [33] suggested the necessity of a 
response curve of a model, i.e., a HPC in the present study, for 
a better understanding towards an improvement of the existing 
models or development of a new model. Since the response 
curve of a model illustrate how target species response to a 
given habitat condition, SDMs should be compared on the 
basis of both accuracy measures and response curves derived 
from the models.  

V. CONCLUSION 
This case study of Japanese medaka demonstrated the effect 

of zero abundance data in modelling fish habitat preference 
using a 0-order Takagi-Sugeno fuzzy system. The dual nature 
of zero abundance (i.e., true and chance absences) would be 
one of the sources of performance deterioration of the model. 

TABLE I.  MEAN SQUARED ERRORS BETWEEN PREDICTED AND 
OBSERVED FISH POPULATION DENSITY, IN WHICH RESULTS FROM 

DIFFERENT SETTING ARE SHOWN: (A) FUZZY HABITAT PREFERENCE 
MODELS (FHPMS) CALIBRATED AND EVALUATED USING FULL 

ABUNDANCE DATA, (B) FHPMS CALIBRATED USING PRESENCE-ONLY 
ABUNDANCE DATA AND EVALUATED USING FULL ABUNDANCE DATA, 

AND (C) FHPMS CALIBRATED AND EVALUATED USING PRESENCE-ONLY 
ABUNDANCE DATA. EACH OF THREE DATA SETS WAS USED FOR MODEL 

CALIBRATION AND EVALUATION. 

       Data Used For Model Evaluation  
(a) FHPM 14 Oct.  5 Nov.  9 Nov. 

Model 1  0.0691 0.0842 0.2163 
±0.0005  ±0.0017  ±0.0057 

Model 2  0.1457 0.0665 0.2056 
±0.0071  ±0.0004  ±0.0088 

Model 3  0.2399 0.1148 0.1431 
±0.0418  ±0.0162  ±0.0013 

(b) FHPM0-1  

Model 1  0.0933  0.1091  0.2613 
±0.0017  ±0.0012  ±0.0036 

Model 2  0.0768  0.0927  0.2361 
±0.0011  ±0.0015  ±0.0051 

Model 3  0.0846  0.1064  0.2127 
±0.0018  ±0.0025  ±0.0049 

(c) FHPM0-2  

Model 1  0.0535 0.0648 0.1368 
±0.0004  ±0.0011  ±0.0072 

Model 2  0.0698 0.0566 0.1862 
±0.0025  ±0.0005  ±0.0128 

Model 3  0.0754 0.0820 0.0697 
±0.0028  ±0.0020  ±0.0005 

Mean ±standard deviation are shown. 
Model 1 was developed using the data set on 14 October. 
Model 2 was developed using the data set on 5 November. 
Model 3 was developed using the data set on 9 November.   
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Further studies are needed to develop an approach to 
distinguish true and chance absences, which contributes to the 
better understandings of target species and the improvement of 
SDMs 
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