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Abstract 

Résumé 

Surgery procedures were used to implant telemetry transmitters into the body cavity of adult (574 - 
1 033 g) tilapias Oreochromis aureus in aquaculture tanks (4 m2,1 .5 m3, 26.5 k 0.5"C. 2 5.0 mg 0 2  1-') and 
their effect on fish sumival, growth and behaviour was evaluated. Only one out of 35 implanted fish died. 
With one exception, al1 fish consistently retained their transmitter until the end of the study (up to 30 
months). Healing was faster when the incision was sutured with polyamide monofilament (5-14 days) than 
with other suture materials, due to tunnelling with atraumatic needles for catgut or fouling of braided silk. 
In al1 10 fish sacrificed after 30 and 50 days, the transmitter had become encapsulated by connective tissue. 
No infection or damage to the viscera was observed. 

The activity of four tilapias (903-1 033 g) equipped with motion sensitive transmitters was telemetered 
during the recovery from anaesthesia and surgical procedures. Al1 four fish maintained a normal diurnal 
activity rhythm pattern throughout the study but had low levels of activity during the first 12-24 h. Based on 
the evolution of their resting posture after surgery, it is suggested that tilapias need 3 to 4 days to completely 
compensate the negative buoyancy resulting from anaesthesia and tagging. 

Keywords: tagging, surgery, telemetry, fish, tilapia, tropical aquaculture. 

Evaluation d'une procédure chirurgicale d'implantation abdominale d'émetteurs de biotélémétrie chez 
le tilapia Oreochromis aureus. 

Des émetteurs de biotélémétrie ont été implantés dans la cavité intra-péritonéale de tilapias Oreochromis 
aureus (574-1 033 g )  en bassins d'aquaculture (4 m2, 1,5 m3, 26,5 + 0,5"C, 2 5,O mg 0 2  1-'1. L'effet du 
marquage sur la rétention des marques, la survie, la croissance et le comportement des poissons a été étudié. 
Un seul des 35 poissons marqués est mort, et 2 une exception prés, tous les tilapias marqués ont gardé leur 
émetteur jusqu'au terme de l'étude (30 mois). La cicatrisation était plus rapide lorsque l'incision était 
suturée avec du polyamide monofilament qu'avec d'autres matériels de suture, en raison des diff~cultés inhé- 
rentes à l'utilisation d'aiguilles ne provoquant pas de traumatisme (pour catgut) ou du développement 
d'algues sur la soie tressée. Trente et cinquante jours après l'opération, aucun dégât interne ou infection 
n'était observé chez 10 individus sacrifiés, dont l'émetteur était encapsulé dans une capsule de tissus 
conjonctifs. 

Le comportement de quatre individus (903-1 033 g) équipés d'émetteurs de téIémétrie à circuit d'activité 
a été enregistré pendant les phases de récupération de I'anesthésie et de la chirurgie. Les quatre tilapias ont 
maintenu un rythme d'activité diurne mais leur activité était nettement réduite pendant les 12-24 heures 
consécutives à l'opération. L'évolution de la posture de repos adoptée par les tilapias après la chirurgie 
indique qu'un délai de 3-4 jours est nécessaire à la récupération de l'équilibre et de la flottabilité négative 
induite par l'anesthésie et le marquage. 

Mots-clés : marquage, chirurgie, télémétrie, poisson, tilapia, aquaculture tropicale. 
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INTRODUCTION 

Monitoring the behaviour of fish inside their culture 
environment may represent an efficient and real time 
feedback of fish status, degradation of culture environ- 
ment or adequacy of feeding schedules to fish activity 
or appetite (e.g. Kadri et al., 199 1; Juell, 1995). Avail- 
able techniques include video analyses (Smith et al., 
1993), use of computerised self-feeding (Boujard et 
al., 1993), of PIT-tag data entry stations (Brannas and 
Alanara, 1993) and of telemetry techniques (Lagardère 
et al., 1988). Underwater telemetry techniques offer a 
wide range of advantages (see Priede and Swift, 1992; 
Baras and Lagardère, 1995) but the attachment of 
telemetry transmitter often represents an invasive pro- 
cedure which may affect the behaviour or performance 
of the fish to variable extents (see Summerfelt and 
Smith, 1990; Baras, 1991; Baras et al., in press). 
Numerous biases reported in the literature are specific 
to the procedure anaor species tagged, and it can 
hardly be predicted how a species, which is tagged for 
the first time, will react to the tagging procedure. This 
feasibility study aimed to evaluate i) the adequacy of 
surgery techniques for tagging intensively cultured 
blue tilapia Oreochromis aureus with telemetry tags 
and ii) the duration and intensity of the post-tagging 
stress which condition the representativity and signifi- 
cance of telemetry records from probe fish. 

MATERIAL AND METHODS 

The fish used in these experiment were female blue 
tilapia O. aureus reared at 27 + 0S0C, 2 5 mg of O2 I-I, 
in 1.5 m3 (4 m2) indoorflow through tanks ofthe Tihange 
Fish Breeding Station of the University of Liège where 
the hot water supply originates from nuclear power plant 
effluents. The protocol used for fish surgery is inspired 
by these of Hart and Summerfelt (1 975) and of Baras and 
Philippart (1 989). Tilapias were anaesthetised in a 0.4 ml 
1-l solution of 2-phenoxy-ethanol, which is a widely 
used anaesthetic for temperate and tropical fish species 

(Smit et al., 1979; Moore et al., 1994, Baras et ul., in 
press). Fish reached anaesthesia stage 111.2 (i.e. no reac- 
tion to tactile or painful stimulus, no deliberate muscular 
movement other than ventilation; MacFarland and 
Klontz, 1969) afteran average of 7.9 min (SD = 1.8 min) 
then were placed ventral side up into V-shaped support 
tailored to their morphology. A mid-ventral incision was 
made between the pelvic girdle and the anus, after the 
removal of a single row of scales. The length of the inci- 
sion did not exceed twice the diameter of the transmitter 
in order to minimise the risk of expulsion through the 
incision zone before healing was completed. An epoxy 
dummy transmitter, similar in shape and weight to the 
mode1 used for the behavioural study, was inserted crani- 
ally through an abdominal incision that was made on the 
mid ventral line, after the removal of the central row of 
scales. The incision was closed by three separate 
stitches, 8-9 mm apart. Due to the elasticity of cichloïd 
scales, a scale was removed at each site of needle pas- 
sage. Three suture material were evaluated: plain catgut 
(SoftCatgut), braided silk (EthiconTM) and polyamide 
monofilament (EthilonTM) (details in Table 1). 

On the average, the surgery was completed after 10 
to 12 min. Fish were weighed to the nearest 0.5 g, 
tagged individually with passive integrated transpon- 
der (PIT) tags inserted into the dorsal musculature then 
allowed to recover for 30 min. They were stocked in a 
4 m2 (1.5 m3) flow through tank, together with fish of 
the control group (20 fish PIT tagged at the same time) 
to test for their ability to compete for food (mean daily 
food ratio: 5 g fish-l; distributed daily in a self-feeder). 
During the next 50 days, fish were controlled at regular 
intervals (around 5 days). Non absorbable suture mate- 
rials were removed during the first control to avoid any 
risk of scale abrasion, skin irritation or cutting. We 
measured weight variations, the time for complete 
healing of the incision zone and sites where suture nee- 
dles penetrated the body wall. Tag loss was checked 
empirically by search for dummies on the bottom of 
the empty tank after each control. Survival was 
checked daily. Thirty and 50 days after surgery, five 

Table 1. - Effect of suture material on survival, transmitter retention and healing of surgically implanted tilapia 0. aureus. The calculation of tag 
retcntion at 50 days and 30 months is based on surviving fi5h only. 

SoftCatgut 310 Ethicon 31oTM Ethilon 3/oTM 

Suture material 

Resorbahle 
Needle: section 

leneth 

Plain Catgut Braided silk Polyamide 
monofilament 

YES NO NO 
round (atraumatic) tnangular (cutting) triangular (cutting) 

18 mm 16 mm 19 mm 
curvature 318 318 318 

Number of fish 5 5 25 
Survival (%) 1-50 days 100.0 100.0 96.0 

50 days-30 months 100.0 100.0 100.0 
Tag retention 1 - 50 days (76) 100.0 100.0 95.8 
Tag retention 50 days - 30 months 100.0 100.0 100.0 
Healing (days) 
incision zone: mean I SD (min-max) 9.4 I 4.4 (5-1 5) 18.8 I 3.7 (15-25) 10.0 i 2.8 (5-14) 
needle passage: mean i SD (min-max) 25.2 + 12.5 (12-43) 22.2 I 6.3 (1 1-25) 10.8 + 4.5 (5-26) 
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fish were sacrificed to evaluate the possible damages to 
the viscera, the healing of the midventral body wall 
(thickness, nearest 0.05 mm) and to check for any risk 
of encapsulation by connective tissue or by the intes- 
tine. 

In order to provide insights on the behaviour of tila- 
pia during the recovery from surgery, four tilapias 
(903-1 033 g) were tagged with motion sensitive 
40 MHz radio transmitters (Advanced Telemetry Sys- 
tems - ATS, Inc., 70 mm long, 12 mm in diameter; 
15 g, using polyamide filaments to close the incision. 
Each transmitter was implanted in order to switch to 
high pulse rate (84 + 1 pulse per min) when the posture 
of the fish was horizontal or bended fonvard. Activity 
and resting postures were discriminated from the con- 
tinuous recording of transmitter pulse rate and signal 
strength variations by a Lotek SRX-400 receiver 
equipped with W- 18 processor (two fish telemetered 
simultaneously; see details on signal recording and 
processing in Baras, 1996). Activity budgets were 
defined as the ratio (%) of the running duration of 
activity records on total record time at the hourly, peri- 
odic (diumal or noctumal) and daily (24-h) scales. The 
recovery from the negative buoyancy induced by ana- 
esthesia and tag insertion was investigated through a 
finer analysis of resting posture. The visual observa- 
tion of naive fish (10 fish in large aquaria; 4 hours per 
fish, day and night) indicate that tilapia most fre- 
quently 2 75% rest in the middle part of the water col- 
umn, in an oblique posture with their snout heading 
towards the surface of the water. With respect to Our 
standardised implantation mode, this posture corre- 
sponded to low pulse rate whereas the horizontal pos- 
ture - resulting from the non compensated transmitter 
insertion in front of the centre of gravity of the fish - 
corresponded to a high pulse rate (84 I 1 pulse per 
min). The proportion of rest in an oblique posture by 
day and by night was used as an index of recovery of 
negative buoyancy. 

RESULTS 

Only one of 35 implanted fish - as well as one from 
the control group - died during the experiments (x2  = 
0.17; df = 1; p > 0.10), for reasons independent from 
surgery and handling (i.e. leaping out of the tank). On 
two occasions, we observed a loop of the intestine pro- 
truding out of the intraperitoneal cavity due to loose 
sutures but no mortality or infection was noted after an 
additional stitch was made. One fish (sutured with 
braided silk) lost its transmitter through the incision 
less than 24 hours after surgery, due to loose stitches 
placed 10- 12 mm apart. 

All fish completely healed the incision in less than 
four weeks (Table 1) but the healing rate was propor- 
tionally faster when fish had been sutured with polya- 
mide or catgut filaments than with braided silk 
(Kruskal-Wallis H = 12.4; df = 34; p < 0.01). Small 

cuts and wounds were frequently observed at sites of 
needle passage, presumably as a consequence of the 
presence of permanent suture material at places 
through tissues uncovered with scales. These wounds 
healed progressively after suture removal. The healing 
time was significantly shorter with polyamide monofil- 
ament than with plain catgut or braided silk (Kruskal- 
Wallis H = 13.3; df = 34; p < 0.01). Al1 surgically 
tagged fish lost weight during the first 10 days after 
surgery, then progressively regained weight. The 
weight loss comparatively to the control group was 
significant at the 0.05 level for fish sutured with catgut 
or braided silk, but not for fish sutured with polyamide 
(respective mean weight losses: 2.6, 5.7 and 0.9 % 
after five days, 3.5,3.3 and 1.8 % after 10 days). 

All 10 fish sacrificed after 30 and 50 days had 
retained their transmitter. Connective tissue had prolif- 
erated around the incision zone and replaced the epi- 
thelium and mid ventral muscular layers. After 30 
days, the thickness of the muscular layer was 
decreased by 0.27 mm on the average (0.10-0.35 mm). 
After 50 days, this deficit was reduced to 0.16 mm 
(0.10-0.30 mm). No inflammation or infection was 
observed and neither the gut nor the gonads had been 
damaged by the transmitter. In each fish, the transmit- 
ter was encapsulated by a fibrous capsule - precisely at 
the site where it was implanted - thus limiting its 
mobility and subsequent risk of interna1 damage. Simi- 
lar observations were made in the remaining fish, that 
were sacrificed 30 months after surgery. 

All four telemetered fish showed similar behavioural 
responses. The activity during the first night (68-69 %) 
was less than during the following nights (75-96 %), 
except for fish 1 which maintained low nocturnal activ- 
ity levels till the third night (Fig. 1). The activity 
rhythm though consistently remained diurnal in al1 
four fish. Diurnal activity levelled around 90-95 % on 
the third day after surgery, suggesting the recovery of 
normal activity. 

During the first night after surgery, al1 tilapia 
showed an abnormally high proportion of rest in hori- 
zontal posture (33-96 % against less than 25 % in non 
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Zn 80 

30 70 

40 KI 

50 50 
60 40 

O 24 48 72 % 120 144 
Tim (h, QMT + 2) 

Figure 1. - Activity rhythm pattern of two cultured tilapia O. aureus 
dunng postsurgery period (26.5 + 0.5"C. 1.5 m2 flow through tank, 
diumal feeding). Activity as hourly mcans. * surgical implantation. 
JD = Julian days. Light bars: day; dark bars: night. Fish 1: 22 950 
records; fish 2: 22 091 records. 
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implanted fish). The normal ratio was recovered after 
72 hours and maintained later on (Fig. 2). During the 
following days, no significant deviation of activity 
budget or resting posture was observed comparatively 
to days 3 and 4 (ANOVA; p 2 0.10). 

Ren in oblique 
posture (x) 

Figure 2. - Recovery from surgery induced negative buoyancy in tila- 
pia 0. aureus, using the proportion of rest in an obliquc posture - by 
day and by night - as a recovery index (semi-log curvc tits). Normal 
proportion of rcst in oblique posture > 75%. Records from 4 telemet- 
red fish stockcd in a 1.5 mZ flow through tank (26.5 + 0.S0C). 

DISCUSSION 

Our results showed the adequacy of surgical implan- 
tation procedures for attaching transmitters to tilapia 
Oreochromis aureus as only one fish died for reasons 
independent of surgery. No infection was observed 
despite no prophylactic treatment was used on fish 
stocked at high temperature (27 OC). Lucas (1989) and 
Baras (1992) reported similar success in rainbow trout 
Oncorhynchus mykiss and Barbus burhus with or with- 
out post-operative care. The high sumival rate can be 
related to the fast healing process (on the average, 10 
days when using polyamide monofilament stitches) 
which is much faster than for cold-temperate (Pedersen 
and Andersen, 1985; Lucas, 1989; Baras, 1992; Moore 
et al., 1994) or temperate-tropical fish species (Ross 
and Kleiner, 1982; Schramm and Black, 1984; Marty 
and Summerfelt, 1986). Fast healing also presumably 
limited the risks of transmitter expulsion through the 
incision. The encapsulation of the transmitter by host 
tissue within the first month after surgery minimised 
the probability of movement inside the body cavity and 
presumably limited the risks of damaging the viscera 
or eroding the body wall. Obviously, the encapsulation 
process was not prone to cause a transintestinal expul- 
sion process (Marty and Summerfelt, 1986) as al1 fish 
retained their transmitters in the long run (30 months). 

With respect to suture material, this study further 
confirmed the adequacy of catgut filament for extemal 
suturing in fish (Baras, 1992; Gilliland, 1994). How- 
ever, the atraumatic needles used with catgut filaments 

could not be easily passed through the very strong 
body wall of tilapia. This resulted into larger tunnels at 
needle passage sites than with the cutting needles used 
with non absorbable filaments, and longer healing 
time. The healing of both incision and needle passage 
sites was substantially longer with braided silk than 
with polyamide monofilament, despite both filaments 
were set on similar cutting needles. When non absorb- 
able filaments were removed on the first control of 
fish, we observed some fouling and traces of fish bites 
on the braided silk filaments. These traces suggest 
some form of grazing activity by other fish on the 
algae, that would have caused additional tensions on 
wounded tissues and interfered with tissue reconstruc- 
tion. The better overall adequacy of polyamide suture 
material set on cutting needle was confirmed by the 
changes in fish body weight throughout the 50-day 
experiment, since weight losses were non significant 
with respect to the control group. 

The diurnal activity rhythm pattern normally 
observed in tilapia (Mélard, 1986; Ross and McKin- 
ney, 1988) was not disrupted by the implantation pro- 
cess and was consistently maintained throughout the 
two week experiment. Activity was though slightly 
depressed on the first night after tagging but to a lesser 
extent than usually reported by authors mentioning a 
post-tagging hypo-activity (e.g. O. mykiss does not 
feed during the first two days following tagging; 
Lucas, 1989). Based on resting posture, it is suggested 
that the short-term hypo-activity in tilapia originates 
from the need to progressively compensate the nega- 
tive buoyancy induced by a depressed swim bladder 
and weight added (Gallepp and Magnuson, 1972; Fried 
et al., 1976). The postural disequilibrium was not fully 
recovered before 3 days presumably because tilapia are 
physoclist fish and can not quickly refill their swim- 
bladder by gulping air at the surface. Long term effects 
of surgery on behaviour were restricted to slight differ- 
ences between individual activity budgets though such 
differences may genuinely reflect different physiologi- 
cal status with respect to maturation stage. These dif- 
ferences were levelled after 10-1 2 days, i.e. a delay 
similar to the time for healing. 

In conclusion, the results clearly indicate that the 
surgical implantation procedure is adequate for tilapias 
0. aureus. However, any confident use of telemetered 
fish for biomonitoring purposes should be delayed by 
at least 3 to 4 days after surgery, and presumably by up 
to two weeks, when the fish has recovered its physical 
integrity. This should be taken into account when pro- 
gramming intelligent transmitters with activation 
delays. It may be argued that healthy control fish possi- 
bly impaired the recovery of tagged fish and presum- 
ably made it longer than if tagged fish had been reared 
separately. However, there is no clearcut evidence that 
it really happened and that this impairement would 
have outweighed the one originating from rearing terri- 
torial fish at low density. 
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