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(mild deformation), 2 points (medium) or 4 points (strong), 
doubling points from one level to the next. The sum of these 
points was considered as the degree of deformation for each 
individual. An average value was then calculated for each 
sampling station, taking in account all the examined fish. 
This value was named “Average Deformity Value” (ADV).

Result comparisons were made with a t-test for the dif-
ference between proportions.

Results

Three types of deformities were observed on the 2192 
specimens of Gobius niger examined from Sado estuary: 
dentary, vertebrae and hypural plates. Each type is treated 
separately since our data reveals each anomaly to be of dif-
ferent origins and etiologies.

Dentary deformities
These were by far the least common anomaly and con-

sisted always in a shortened dentary (Fig. 2). Only five 
specimens, corresponding to 0,2% of the total examined had 
dentary deformities. These specimens were caught in station 
S3 (2 out of 499, 0.4%) near Setúbal’s Power Plant and in 
station S4 (3 out of 325, 0.9%) near a paper mill not far 
from S3 (Fig. 1).

Vertebral deformities
Deformed vertebrae were frequently shortened and 

thickened compared to normal vertebrae (Fig. 3a). Very 
seldom deformed vertebrae induced column curvature. 
Sometimes vertebrae were shortened but not thickened as if 
two vertebrae occupied the space of a normal one (Fig. 3b). 
Vertebral deformities were observed in 158 specimens cor-
responding to 7.2% of the total examined. Males were more 
deformed than females, 8.4% against 6.3%, respectively, 
but difference was not significant (t = -1.886, α > 0.05).

Hypural plate deformities
Deformities were accessed only in the two hypural 

plates where branched caudal fin rays articulate (Fig. 4). As 
the extremities of bone “A” (hypural 3-4) seemed to be 
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Figure 1. - Sampling stations in Sado 
estuary and location of the main indus-
tries.

Figure 2. - Shortened dentary (arrow) in a male caught near 
Setúbal’s urban sewer.
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independent in the development of deformations, these 
were included in vertebral type when occurred in the proxi-
mal end (vertebra n°28) and as hypural plate anomaly when 
present at the distal one. Hypural plate anomalies varied 
from a slightly altered posterior contour to almost com-
pletely lost of the typical triangular shape of normal bones 
(Fig. 4). Bone nodules were frequently present. A total of 
262 specimens, corresponding to 19.8% of the 1322 exam-
ined, had this type of lesion. Incidence was similar between 
sexes with 19.7% for females and 20.0% for males 
(t = –0.172, α > 0.10).

Spatial distribution of deformities
Vertebral deformities

The spatial distribution of deformed specimens, accord-
ing to percentage values, showed these were higher in the 
north industrialized bank, ranging from 6.7% in station S2 
(Setúbal’s urban sewer) to 8.3% in station S4 (pulp and 
paper mill) (Tab. I). In station S5, far from the margin, the 
percentage was lower, 4.5%. However in station S1, near 
the mouth of the river, vertebral abnormalities were observed 
in 5.7% of the examined fish.

Values inferior to 5% deformed fish were observed only 
in stations S7 and S8, 4.3% and 3.3% respectively, both in the 

south bank far from the industrialized part of the estuary.
The upstream stations showed much higher values 

although not significant due to the small number of fish 
examined. Nevertheless it’s worth mentioning the 13.3% 
value obtained in station S6 in front of a shipyard.

Hypural plate deformities
Spatial distribution of deformities in hypural plates 

showed some resemblance with vertebral ones, but with 
higher values (Tab.  II). In the north bank a gradient was 
observed from station S2 with 17.7%, through station S3 
with 28.5%, reaching a maximum of 28.7% in station S4. A 
high value was also observed in station S5 (27.1%) in spite 
of its location far from the margin. The lowest values (under 
10%) were also observed in the south bank stations (S7 and 
S8), and downstream (station S1).

The statistical t-test revealed that percentage differences 
of deformed fish were significant between stations S3, S4 
and S5 on one side and stations S1, S7 and S8 on the other 
(t = 2.564; α  <  0.01). Station S2 had a median position, 
while the low number of specimens examined in station S6 
enabled a meaningful comparison with the other sampling 
stations.
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Figure 3. - A: Shortened and thickened vertebrae of a specimen 
caught near Setúbal’s urban sewer. B: A case of double vertebra 
from a fish caught near the mouth of the Sado estuary (S1). 

Figure 4. - Examples of hypural plate deformities. e: epural; h5: 
hypural 5; hs: haemal spine; ns: neural spine; ph: parahypural. A 
(hypural 3-4) and B (hypural 1-2) are normal bones. 
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Length-related variation of deformities
Specimens were grouped in 10 mm total length classes 

in order to study the possibility of any age related trend with 
the incidence of deformed fish.

Vertebral deformities
Females with less then 50 mm total length (n = 16) 

showed no deformities. In the 50/59 mm class, the percent-
age was 7.2%, reaching in the next length class 11.9% 
(Fig. 5). Thereafter a percentage decrease of deformed fish 
was observed, in fact none were observed over 110 mm 
(n = 29).

Variation of deformities incidence with length was very 
similar for males in the first length-classes (Fig. 5). As in 
females no deformities were observed in males less then 50 
mm. In the 50/59 mm class the percentage of deformed fish 
was 2.9% and 18.7% in the 60/69 mm class. Values decrea-
sed in the next length-classes with only two exceptions. In 
the 100/109 mm class with 9.4% and in the 130/139 mm 
class attaining 14.3%, but in this case corresponding to only 
one deformed specimen out of 7 examined. 

The data obtained suggests that vertebral deformities 
occur some time after eclosion due to the fact that no such 
occurrences were observed in fish less then 50 mm total 
length. The increase of incidence is fast reaching its maxi-
mum in 60/69 mm fish for both sexes. The percentage 
decrease in higher length-classes suggests a differential 
mortality so that survival of deformed fish is impaired.

Hypural plate deformities
Considering these lesions, the percentage deformed fish 

variation, showed a very different pattern when compared to 
the vertebral one. In both sexes no deformities were 
observed in fish less then 50 mm total length. In males the 
variation of deformities incidence was low and a small 
increase in percentage of deformed fish was observed 
(Fig. 6), in spite of a high value, 26.3%, having been 
observed in 60/69 mm class.

When comparing males with females percentage was 
generally lower in first length classes and much higher in 
last ones. A maximum of 81.8% was observed for speci-
mens between 110 and 119 mm total length.
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 Females Males Total
 Sta. n v % n v % n v %
 S1 96 7 7.3 114 5 4.4 210 12 5.7
 S2 385 23 6.0 285 22 7.7 670 45 6.7
 S3 296 20 6.8 203 22 10.8 499 42 8.4
 S4 177 12 6.8 148 15 10.1 325 27 8.3
 S5 51 1 2.0 37 3 8.1 88 4 4.5
 S6 33 6 18.2 27 2 7.4 60 8 13.3
 S7 64 2 3.1 99 5 5.1 163 7 4.3
 S8 103 3 2.9 47 2 4.3 150 5 3.3
 S9 5 1 20.0 6 0 0.0 11 1 9.1
 S10 2 1 50.0 6 3 50.0 8 4 50.0
 S11 1 0 0.0 7 3 42.9 8 3 37.5

Table I. - Spatial distribution of fish with vertebral deformities in 
Sado estuary. Sta. = Sampling station; n = number of fish exa-
mined; v = number of fish with vertebral deformities.

Table II. - Spatial distribution of fish with deformed hypural plates 
in Sado estuary. Sta  = Sampling station; n = number of fish exa-
mined; h = number of fish with deformed hypural plates.

 Females Males Total
 Sta. n h % n h % n h %
 S1 46 3 6.5 58 6 10.3 104 9 8.7
 S2 266 47 17.7 203 36 17.7 469 83 17.7
 S3 164 42 25.6 103 34 33.0 267 76 28.5
 S4 96 29 30.2 85 23 27.1 181 52 28.7
 S5 37 8 21.6 22 8 36.4 59 16 27.1
 S6 26 6 23.1 13 0 0.0 39 6 15.4
 S7 18 1 5.6 25 2 8.0 43 3 7.0
 S8 92 10 10.9 41 3 7.3 133 13 9.8
 S9 5 2 20.0 6 0 0.0 11 2 18.2
 S10 2 0 0.0 6 2 33.3 8 2 25.0
 S11 1 0 0.0 7 0 0.0 8 0 0.0

Figure 5. - Percentage variation of fish with deformed vertebrae, 
according to length-classes (mm). f: females; m: males.

Figure 6. - Percentage variation of fish with deformed hypural 
plates according to total length-classes. f: female; m: male.
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Deformities assay
Spatial distribution of average deformity value 

The average deformity values for vertebrae, accord-
ing to sampling station, are shown in figure 7. The high 
values observed in stations S10 and S11 were obtained from 
few specimens (less than 10) and therefore not significant. 
Almost the same could be said relatively of females in sta-
tion S6 (3.6), where only 33 specimens were examined.

Average deformity values were generally higher in 
industrialized stations (S2 to S4, between 0.7 and 1.5), for 
males and females alike, and lower in south bank stations 
(S7 and S8, varying between 0.3 and 1.1). In relation to 
deformed hypural plates the difference between industrial-
ized and non-industrialized stations were even clearer 
(Fig. 8). Highest values were observed in stations S3 (1.4 
for males and 1.1 for females) and S4 (0.7 and 0.9). The 
value for station S5 males (1.6) was obtained from only 22 
specimens. Values for sampling stations S7 and S8 were 0.1 
and 0.3 for females and 0.2 for males in both places.

Deformity variation according to sex and length-class
The degree of deformation relatively to length-class was 

studied and graphics were constructed. Average deformity 
values were calculated for 10 mm length classes (30-39 mm, 
40-69 mm, etc.). In relation to vertebral deformities (Fig. 9) 
it can be seen that a decrease of deformity value is observed 
in relation to length classes both in males and females. This 
reflects the fact that the worst deformities occur mainly in 
the small length classes, whilst in larger classes, deformities 
are usually minimal and affect fewer vertebrae.

Considering average deformity value for hypural plates 
no particular trend was observed for males (Fig. 10). On the 
contrary there was an increase with length for females.

Discussion

The study of deformity occurrences in fish seems to be 
a good and practical way of assessing environment quality. 
The conditions to such approach are: the target species 
abundance, easy capture and sensitiveness to pollution 
without being eradicated (Slooff, 1982).

In this study it could be observed that gobiid fish from 
the more industrialized part of the estuary were more fre-
quently deformed and that those deformities were also 
stronger in that region.

Even though a direct relationship between observed 
deformed fish and pollution was not carried out, it’s known 
that many potential causes are present in Sado estuary, such 
as heavy metals (Costa and Peneda, 1989) and organochlo-

Cybium 2002, 26(3)	 183

Figure 7. - Spatial distribution of average deformity value (ADV) 
for vertebral deformities. For station location see figure 1.

Figure 8. - Spatial variation of average deformity value (ADV) of 
deformed hypural plates. For station location see figure 1.

Figure 9. - Average vertebral deformity value by length classes.

Figure 10. - Average deformity value for hypural plates by length 
classes.
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rines (Castro et al., 1994). 
It was observed that the probability of capturing a 

deformed specimen depends on sex and size. This is prob-
ably true in other species. In consequence comparisons 
amongst sampling stations should be done with homoge-
neous groups of fish whenever possible. Great differences 
in dimensions or sex ratio between samples could seriously 
impair the statistical significance of comparisons. The 
absence of deformed fish in the smallest length classes, 
indicates that some time of exposure to the cause or causes 
of deformities is necessary before these appear. The fact that 
the bigger fish show usually less deformed vertebrae can be 
interpreted as a decrease of survivability of strongly 
deformed fish. Differences observed between males and 
females are probably related to the fact that ovaries are 
much heavier than testis so that swimming would be more 
difficult to grossly deformed females than to males, during 
reproduction season. On the other hand no such trend was 
observed in relation to hypural deformities, probably 
because this type of anomaly does not interfere with fish 
swimming capability.

Our search for deformed fish revealed that there are 
many other species that could be useful in monitoring envi-
ronment quality such as Monochirus hispidus Rafinesque, 
1814, Echiicthys vipera (Cuvier, 1829), Trachurus trachu-
rus Linnaeus, 1758, in fresh water Chondrostoma polylepis 
Steindachner, 1864 and Lepomis gibbosus (Linnaeus, 1758) 
(unpubl. data).

Gobius niger is a small fish with various advantages for 
monitoring environmental quality in coastal regions. In 
Sado estuary this species showed a preference for organi-
cally enriched sediments were pollutants are, often, more 
concentrated. Being a territorial organism permits the rela-
tionship of observed pathology/teratology to the conditions 
of capturing place. Moreover due to its wide distribution 
Gobius niger could be used as an environmental quality 
indicator species all around Europe.
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