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ABSTRACT
Motile Aeromonas septicemia (MAS) is a common bacterial fish disease that may cause severe 
economic losses. This novel study was conducted to investigate behavioral changes of Nile tila-
pia (Oreochromis niloticus) in response to experimental induction of MAS. Aeromonas hydrophi-
la, which is the causative agent of MAS, was isolated from diseased O. niloticus and used for the 
experimental infection of O. niloticus by intraperitoneal and intramuscular injections for inducing 
MAS. Each injection route had its control group. Fish behavior was recorded daily using a digital 
video camera for 7 consecutive days post injection in intraperitoneally and intramuscularly in-
jected fish. On day 14 post injection, the behavior of intramuscularly injected fish was recorded 
again. Experimentally infected O. niloticus showed various clinical signs such as exophthalmia, 
ocular hemorrhage, congested gills, and skin and fin hemorrhages. The behavior of apparently 
healthy and experimentally infected O. niloticus was recorded and analyzed by scan observa-
tion. The experimentally infected fish exhibited cessation of normal behavior. Buccal-opercular 
movement and signs of aggression increased, whereas foraging, schooling, and shoaling fre-
quencies decreased. Two abnormal behavioral patterns (stereotypies) of apparently healthy O. 
niloticus following injections were recorded. Post injection, intraperitoneally injected fish per-
formed circular swimming on day 3 and 7, whereas intramuscularly injected fish exhibited vertical 
movement on the days 4, 5, 7, and 14. The frequency of circular swimming increased over time; 
however, vertical swimming frequency decreased by day 14. These results revealed that MAS had 
a severe effect on the behaviors of apparently healthy fish. Therefore, monitoring the behavior 
of O. niloticus may provide a useful and noninvasive tool for assessing fish health and diagnosing 
MAS early. 
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INTRODUCTION

There is an increasing demand on fish meat 
world-wide due to its high quality and healthy 
protein content and hence aquaculture indus-
try showed a significant development in the 
last decades.  However, bacterial diseases may 
threaten this industry due to serious impacts 
such as retarded growth or mortalities which 
cause economic losses. Motile Aeromonads 
septicemia (MAS) is one of the most virulent 
bacterial fish disease in cultured fishes, espe-
cially Nile tilapia Oreochromis niloticus (Pa-

vanelli et al., 2008; Pridgeon and Klesius 2011 
and 2012; El-Araby et al., 2016).

Fish behavior reflects the biochemical and physi-
ological changes induced by stress and/or dis-
ease conditions. Therefore, it can be used as an 
early indicator to the health status of fish (Mar-
tins et al., 2012).  In addition, it is targeted to pre-
dict economic impacts of diseases and stress on 
the aquaculture. Moreover, behavior is fast and 
easy to observe (Martins et al. 2012). Thus, it pro-
vides a useful tool for assessment of fish health 
and early diagnosis of diseases in cultured fish.
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Ventilatory activity, achieved with bucco-opercular movements, is 
measured by the flow of ventilated water over  gills per unit time 
(Martins et al., 2012). This renewal of oxygenated water is well 
regulated in healthy fish (Martins et al., 2012).  Foraging behavior 
is the search for and exploitation of food resources (Danchin et 
al., 2008).  Common types of social behavior in fish are, shoaling, 
schooling and aggression (Pavlov and  Kasumyan, 2000). Shoal-
ing refers to fish that swim together in an unstructured pattern, 
whereas schooling implies synchronized and polarized swimming 
(Faucher et al., 2010).  In addition, the swimming of three fish to-
gether is described as shoaling and four and more fish swimming 
together is called schooling (Khalil et al., 2013). Impairment of 
foraging frequency and social interactions of these behavioral 
patterns may threaten the survival of fish in an ecosystem. 

Stereotypic behavior is defined as a behavioral pattern that is 
repetitive invariant,  and are frequently indicative of an sub-opti-
mal environment (Mason, 1991). Furthermore, stereotypic behav-
ior is believed to be an adaptation to stress (Vestergaard, 1981; 
Anonymous, 1989). Common stereotypical behaviors in fishes 
are circular swimming ; fish swimming in fixed circular pattern 
for more than 20 sec (Almaza´n-Rueda et al., 2004) and vertical 
swimming ; fish swimming vertically with head broke the water 
surface) (Kristiansen and Fernö, 2007).Thus, observation of these 
two stereotypies  are performed by fish is an indication of stress.

Experimentally induced infections of MAS by intramuscular and/
or intraperitoneal injection were studied in several fish species 
including Nile tilapia; O. nilticus (Banu and Yılmaz, 2011), cat-
fish; Clarias gariepinus (Korni, 2015; Korni et al., 2016), Pangas-
ius; Pangasianodon hypophthalmus (Naha et al., 2016), causing 
a mortality of up to 100% in infected species.     These studies 
mainly investigated hematological and histopathological altera-
tions; however there were no reports about behavioral altera-
tions induced by MAS. Thus, the aim of this study was to evaluate 
behavioral changes in cultured O. niloticus following experimen-
tal infection of Aeromonas hydrophilaas as an indicator  of fish 
health.

MATERIAL AND METHOD

Fish Samples
A total of 140 O. niloticus individuals with average body weight 
(96±5 g) were provided alive from a fish hatchery, Beni-Suef, 
Egypt, in late spring season at water temperature 23±2ºC. They 
were brought back to the wet laboratory of Fish Department, 
Faculty of Veterinary Medicine, Beni-Suef University, Egypt. They 
were acclimatized for 15 days in two fiberglass tanks (800 L each) 
capacity supplied with chlorine-free tap water and continuous 
aeration. The fish were fed with standard commercial fish feed 
with a ratio of 3% body weight once a day during the acclimatiza-
tion and experimental study. . 

 Bacterial Isolate 
Aeromonas hydrophila strain was previously isolated from dis-
eased O. niloticus and identified using API 20E and PCR tech-
nique in Department of Fish Disease and Management, Faculty 
of Veterinary Medicine, Beni-Suef University, Beni-Suef , Egypt 
and published by (Korni et al., 2017)  The hemolysin gene for-

ward primer was 5´-GCCGAGCGCCCAGAAGGTGAGTT-3´ and 
the reverse primer was 5´-GAGCGGCTGGATGCGGTTGT-3´. The 
PCR mixture was 20 μL reaction. Volumes of each (10 μL) PCR 
product were subjected to electrophoresis in a 1.5% (w/v) aga-
rose gel (Casiano et al., 2010).

Determination of Median Lethal Dose (LD50) of Aeromonas 
hydrophila Isolate in Healthy O. niloticus
A total of 60 O. niloticus (96±5 g) were equally divided into 6 
groups each of 10 fish An overnight culture of the isolate was 
adjusted to densities  of 1.5×108 (group 1), 1.5×107 (group 21),, 
1.5×106 (group 3),, 1.5×105 (group 4),  and 1.5×104 (group 5), (Korni 
et al., 2017). Each dilution was injected intraperitoneally (IP) to 
a fish in each group at a dose of 0.4 ml/fish and the fish of the 
sixth group was used as control and injected with 0.4 mL of ster-
ile saline. All fish groups were closely observed for two weeks. 
Mortality rates were recorded daily, and the organs were asepti-
cally streaked on brain heart infusion agar for re-isolation and 
re- identification.

Experimental Design of Pathogenicity and Behavior Studies
A total of120 clinically healthy O. niloticus with average body 
weight (92±3 g) were used for monitoring the pathogenicity of 
A. hydrophila. The identified isolate was inoculated onto BHIA  
at 28°C for 18 hours.  Pure bacterial culture was suspended into 
a sterile saline and adjusted to 1.5x108 CFU/mL. Fifteen days af-
ter acclimation; the fish were randomly divided into four equal 
groups (30 fish/group).  Each group was sub-divided into 3 repli-
cates (10 for each). First and second groups were kept for controls 
and  injected IP and IM respectively with 0.4 ml of sterile saline. 
The third and fourth  groups were given IP and IM injections with 
0.4 mL bacterial suspension of 1.5×108 CFU/mL.  All fish groups 
were kept under daily observation for two weeks. Behavior of the 
fish, clinical signs and mortalities were recorded. All freshly dead 
fish were submitted to bacteriological isolation and identification 
of the disease causative agent to verify the specificity of mor-
tality. The present study was approved by Beni-Suef University’s 
Institutional Animal Care and Use Committee (BSU-IACUC).

Behavioral Measurement

Behavior of injected fish (IP and IM groups) was recorded during 
the seven consecutive days post injection.  The behavior of sur-
vived fish in the IM group was observed on fourteenth post injec-
tion. Behavior was captured for 15 min session once a day using 
digital video camera (SONY, Japan). Three videos for each group 
(one video for each replicate) were recorded. Time of recording 
was fixed daily (8:00-8:15). Behavior of experimentally infected 
and apparently healthy fish was analyzed by scan observation 
(Barlow et al., 2009). Number of opercular movements min-1 of 
four fish in each aquarium was counted without moving them 
from aquarium Foraging as shown in  Figure 1a and social behav-
ior including aggression (fish bit another; Figure 1b), schooling 
(at least 4 fish swimming together; Figure 1c), and shoaling (3 fish 
swimming together; Figure 1d) were analyzed. Abnormal behav-
iors (stereotypies) were also recorded. Frequencies of all normal 
and abnormal behaviors were calculated among the recorded 
videos period (Figure 1e, f).
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Statistical Analysis
Statistical analyses were performed using Advanced Models 16.0 
software Statistical Package for the Social Sciences (SPSS Inc.; 
Chicago, IL, USA). Behavior data was analyzed using indepen-
dent t-test. A significant difference between the injected groups 
and corresponding control is considered if p<0.05.

RESULT AND DISCUSSION

Pathogenicity Test
Experimentally infected O. niloticus in IP and IM injected fish 
showed signs of septicemia as congested gills, exophthalmia, 
ocular hemorrhage, disintegration of tail fin (Figure 2 a, b) and 
skin and fin hemorrhages (Figure 2 c, d). The post mortem find-
ings of experimentally infected fish reveled congested kidney, 
liver and spleen. The IP injected fish showed more severe clinical 

signs and higher mortality rate than IM injected ones (80%). In 
the control group, fish showed neither clinical signs nor mortali-
ties (Table 1).

Behavioral Alterations
Fish showed clinical signs of experimentally induced MAS infec-
tion. Fish exhibited cessation of all normal behavioral patterns, 
aggressed by apparently healthy fish, and gathered around the 
source of aeration. Moreover, normal behavioral patterns of ap-
parently healthy fish in injected groups (IP and IM) were altered 
significantly compared to control group. These alterations were 
in a fluctuating manner among the days of observation post in-
jection.

The rate of bucco-opercular movement min-1 was significantly 
increased (hyperventilatory activity) in IP injected fish among all 

Aquat Sci Eng 2018; 33(4): 124-130
Khalil and Emeash. Behavior and Stereotypies of Nile Tilapia (Oreochromis niloticus) 

in Response toExperimental Infection with Aeromonas hydrophila

Figure 1. a-f.	 Normal behaviors (a-d) and stereotypies [abnormal behavior (e, f)] of O. niloticus
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days of observation post injection (Figure 3a). In addition, IM in-
jected group exhibited significant hyperventilatory activity on all 
days of observation except the first fourth and fourteenth days. 
Furthermore, the IP injected group showed significant decrease 
in foraging frequency in relation to control fish. Similar results 
were observed in IM group except on the fourth, fifth, and sixth 
days post injection (Figure 3b). 

Social behavior of IP injected fish was disturbed. Aggression fre-
quency was significantly increased during all the days of obser-
vation (Figure 3c), however, shoaling and schooling frequencies 
significantly decreased on the third, fourth, fifth, sixth, and sev-
enth days compared with the control group (Figure 3d, e). More-
over, IM group showed impaired social behavior and significantly 
increased aggression among the observation period except on 
the second and third days post injection (Figure 3b). Shoaling 
frequency decreased on day fourteen only (Figure 3e), whereas 

schooling behavior significantly decreased on the third, seventh, 
and fourteenth days.

Table 2 showed two stereotypies (i.e., circular swimming and 
vertical movement) of apparently healthy O. niloticus. IP inject-
ed fish performed circular swimming with frequency of 1.6±2.3 
and 7.6±5.5 on the third and seventh days respectively. IM in-
jected fish exhibited vertical movement with frequency of 2.6±2, 
4.6±1.5, 13±7.6 and 0.3±0.5 on the fourth, fifth, seventh and four-
teenth days post injection, respectively.

Aeromonads are commonly found in all types of freshwater en-
vironments and various motile aeromonas species such as A. 
hydrophila, A. caviae, A. sobria, A. veronii and A. schubertii are 
pathogens of cultured freshwater fishes, however A. hydrophila, 
is the main cause of MAS (Akayli et al., 2011;  Öztürk and Altınok 
2014).  

Aquat Sci Eng 2018; 33(4): 124-130
Khalil and Emeash. Behavior and Stereotypies of Nile Tilapia (Oreochromis niloticus) 

in Response toExperimental Infection with Aeromonas hydrophila

Figure 2. a-d.	 Clinical signs of motile Aeromonas septicemia in experimentally infected O. niloticus. (a). ocular hemorrhages, 
hemorrhage at pectoral fin base and disintegration of caudal fin (Scale bar 0.75 cm). (b). exophthalmia (Scale 
bar 1 cm). (c). severe hemorrhages on the skin  (Scale bar 0.5 cm). (d). at dorsal fin (Scale bar 1 cm) 
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		  Mortality%

Day post		  Ip injected	 Im injected 
injection	 Control	  group	 group

1st	 0	 25	 0

2nd	 0	 26	 0

3rd	 0	 29	 0

4th	 0	 37,5	 20

5th	 0	 40	 18,7

6th	 1	 33	 153

7th	 3	 50	 9

14th	 3	 100	 0

Table 1.	 Mortality % of O. niloticus caused by 
experimentally induced MAS.

		  Day of onset 	  
Group	 Stereotypies	  post injection	 Frequency

Ip	 Circular swimming	 3rd	 1.6±2.3 
		  7th	 7.6±5.5

Im	 Vertical movement	 4th	 2.6±2

		  5th	 4.6±1.5

		  7th	 13±7.6

		  14th	 0.3±0.5

Table 2.	 Stereotypies of O. niloticus caused by; control 
group (injected  with  0.4 mL saline), IP (injected 
0.4 mL of bacterial suspension of 1.5×108 CFU/
mL) and IM (injected with 0.4 mL of bacterial 
suspension of 1.5×108 CFU/mL)

Figure 3. a-e.	 Effect of experimentally induced MAS (A. hydrophila) on behavior of min -1 O. niloticus, Control group 
(injected with 0.4 mL saline), IP (injected 0.4 mL of 1.5× 108 CFU mL) and IM (injected with 0.4 mL of 1.5× 108 
CFU/mL). All values are the mean ± SD (n=3). The asterisk (*) indicates a significant difference between the 
injected groups and corresponding control (white blot) according to independent t test at p<0.05
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In this study, extracellular products secreted by the causative 
agent of MAS disease (A. hydrophila) were responsible for 
pathogenicity.  In addition, the reported signs of septicemia are 
attributed to the presence of hemolysis virulence gene in the iso-
late.  Kristiansen and Fernö (2007) recorded higher mortality in IP 
injection. Moreover, Sarker (2009) recorded mortalities reached 
to 100% in IP and IM injected carp and perch.

Concerning the behavioral data, experimentally infected fish 
showing the clinical signs of MAS stopped performance of all 
normal behavioral patterns. Cessation of such behaviors is a 
common indicator of fish sickness (Martins et al., 2012). In addi-
tion, diseased fish stayed near aeration source due to hypoxia 
caused by gills inflammation (Noga 2011). Infected fish with bac-
teria   showed different abnormal swimming patterns such as 
erratic swimming, whirling on the surface, and C-shaped body 
curvature at the surface in Red tilapia and mullet infected with 
streptococci (Evans et al., 2002; Zamri-Saad et al., 2010).

Normal behavioral patterns of apparently healthy fish in injected 
groups (IP and IM) were altered significantly compared to con-
trol. These alterations were in a fluctuating manner among the 
days of observation post injection. The reported behavior of ap-
parently healthy fish in IP injected group revealed an acute form 
of the behavioral response to pathogens and stressors (Martins 
et al., 2012).  The observed hyperventilatory activity may be at-
tributed to the gill congestion or low hematocrit (White et al. 
2008). This is an attempt from the fish’s internal environment 
(homoeostasis) to maintain oxygen (O2) status, blood and tissue 
acid–base balance (pH) (Martins et al., 2012).  The observed hy-
perventilatory activity was supported the findings of Noga (2011) 
and Khalil et al. (2017). Hyperventilatory activity may result from 
many biotic and abiotic stressors (Martins et al., 2012; Khalil et 
al., 2017). Therefore, rate of bucco-opercular movement could 
be linked with other welfare indicators in the fish ponds such as 
water quality, blood lactate, glucose, and hematocrit (Martins et 
al., 2012;  Noga, 2011, Khalil et al., 2017) as well as other be-
havioral changes to achieve an accurate interpretation of hyper/ 
hypoventilatory activity.

Our data revealed decrease of foraging behavior of apparently 
healthy fish. This is may be due to stress posed by infection and 
impairment of fish social behavior (Krause and Ruxton, 2002; 
Martins et al., 2012; Kujur and Parganiha, 2013). These data were 
similar to that observed on O. niloticus suffered from a piscirick-
ettsiosis-like condition (Mauel et al., 2007) and in Atlantic salmon 
suffered from vibriosis (Danchin et al., 2008). Decrease of feeding 
behavior is a sensitive indicator to health status of fish that leads 
to reduction of growth and reproduction (Volkoff et al., 2010).

The results of this study showed that, the impairment effect of 
MAS disease on social behavior of fish expressed in an increase 
of aggression bouts and a decrease of group swimming (school-
ing and shoaling) frequency, reduction of schooling and shoal-
ing might be attributed to the decrease of individual movement 
induced by parasitic infestation  as reported in Atlantic salmon 
(Wagner et al., 2003), Sockeye salmon Oncorhynchus nerka (Tier-
ney and Farrell, 2004) and Bull trout Salvelinus confluentus (Jones 
and Moffitt, 2000). Fish aggregation is controlled by visual clues 

(Ruhl and McRobert, 2005), hence the observed decrease shoal-
ing and schooling may be attributed to eye lesions caused by 
aeromonous hydrophilla.  

Although increased aggression is an indicator of fish health and 
welfare, it must be accompanied with scars and lesions on the 
bitten fish (Martins et al., 2012). Social behavior enhance forag-
ing, reproducion, and protection against predators (Krause and 
Ruxton, 2002; Kujur and Parganiha, 2013). Thus, social behavior  
alterations were usually used for assessment of fish health and 
welfare.

Circular swimming and frequencies increased over time, how-
ever, frequency of vertical swimming was decreased on the 
fourteenth day.  On the fourth, fifth and sixth day post injection, 
mortalities were 37.5%, 40% and, 33% while, foraging, school-
ing, and shoaling showed no significant alterations in relation to 
the control fish. This indicated that, all fish that had exhausted 
resistance to infection during these three days died while fish 
that were still resisting infection performed the recorded normal 
behavior. Thus, behavior reflects immunity competence of fish.

The observed circular swimming (stereotypes) in IP injected fish 
was similar to that performed by African catfish as an indicator 
to stress (Almaza´n-Rueda et al., 2004). This behavioral pattern 
was almost followed by a high mortality on the third (27%) and 
seventh (50%) day. Furthermore, vertical swimming was recorded 
in the IM injected group. This behavior might be exhibited by 
fish due to hypoxia caused by gills inflammation (El-Araby et al., 
2016), though no clinical signs of disease were observed. We 
hypothesize that, the recorded time-dependent increase of the 
recorded stereotypes frequency may indicate an increase of fish 
attempts to resist pathogen until exhaustion/failure that ended 
by mortality.  The observed behavioral changes of apparently 
healthy fish may be a nonspecific response to MAS, however, it 
may be used as a useful, fast and non-invasive tool to assess and 
predict the resulted economic losses of the disease before oc-
currence of mortalities. Retardation of growth and reproduction 
is highly expected due to impairment of critical behaviors such 
as swimming, foraging, and schooling.

CONCLUSION

These results revealed that, MAS had a serious effect on the be-
havior of apparently healthy fish. Consequently, severe economic 
losses are predicted, such as retarded fish growth and decreased 
reproduction. Moreover, data suggests behavior measurement 
of Nile tilapia as a useful and fast and non-invasive tool for early 
diagnosis of the bacterial disease (specially MAS) in aquaculture. 
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