
Abstract. The authors assessed significant changes in glucose, lactate, MCH and MCHC in 
Gobius niger due to capture and handling. Ours results suggest that these parameters are useful 
indicators in assessing the stress of capture and handling of fish in order to improve their welfare 
and reduce the mortality rate.
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INTRODUCTION
	 In recent years the concept of biological stress applied to fishes has attracted consid-
erable attention among scientists dedicated to the research of environmental influences on 
health (Barreto & Volpato, 2006). Stress in fish results from real or perceived challenges or 
conditions that extend homeostatic processes beyond their ability to control routine physi-
ological functions (Wedemeyer et al., 1990). Whilst there is enormous variety in the types of 
stressors, it is generally agreed that the exposition to a stressor produces a cascade of events, 
which develop through different stages evoking an ordered sequence of well-defined physi-
ological changes (Barton & Iwama, 1991; Sumpter, 1991). Fish capture, handling, confine-
ment, crowding and transport can be typical stressors (Carragher & Rees, 1994; Gomes et al., 
2003). The physiological response to stress can be divided into primary, secondary and tertiary 
components, according to the levels of organisation at which it operates (Wendelaar Bonga, 
1997).
	 The primary response is characterized by neuroendocrine modifications such as increases 
in plasma levels of the catecholamines adrenaline and noradrenaline, and slower but more 
sustained increases in plasma levels of the corticosteroid cortisol (Sumpter, 1997). As a direct 
consequence of their high levels in the circulatory system, a wide range of secondary stress 
responses can be observed, such as the increase in blood glucose (Roncarati et al., 2006) with 
the consequent decrease of hepatic glycogen that is quickly converted to glucose. Regardless of 
the wide use of glucose as an indicator of stress, some authors emphasized that plasma glucose 
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could be used as the only index (Mommsen et al., 1999; Flodmark et al., 2002). Usually the 
increase of glucose in blood is not as rapid as for cortisol. Many authors showed an increase of 
glucose levels after minutes or days from the stress stimulus because cortisol triggers glucose 
production (Pratap & Wendelaar-Bonga, 1990; Hemre & Krogdahl, 1996; Barcellos et al., 
1999; Falahatkar & Barton, 2007).
	 The secondary response includes changes in a range of physiological, haematological, 
immunological parameters (Barton & Iwama, 1991), changes in behaviour and in particular 
increase in swimming activity (Xu et al., 2006). If the stress is severe or prolonged, tertiary 
responses that include alterations in disease resistance, growth, reproductive output (Sumpter, 
1991; Lowe et al., 1993) occur. The responses examined in this study included evaluation of 
blood glucose, lactate concentrations and haematological parameters which are all commonly 
used to assess the degree of acute stress experienced by fishes (Wedemeyer et al., 1990). The 
aim of our research is to characterize the secondary responses to stress due to capture in Gobius 
niger, through the evaluation of some haematochemical parameters (blood glucose and blood 
lactate) and haematological profile that are easily assessed and useful for monitoring of fish 
welfare.

MATERIALS AND METHODS
	 Twenty Gobius niger (Fig. 1), divided in two equal groups (control group and test group) 
and caught in three different sites in Faro pond, were used in this study (Fig. 2). Faro is a small 
meromictic marine pond (26 ha), locate close to Capo Peloro (Eastern Sicily; 38°15’57”N; 
15° 37’ 50”E). It is a circular basin with a 500m diameter, and is deeper in its central part (30 
m), whereas its mean depth ranges from 0.5-5m (Manganaro et al., 2009).
	 The fish were caught with bottom-set nets placed on bottom for a period between 5-7 
hours during May 2010. All animals captured were considered as healthy on the basis of their 
external appearance and the absence of obvious sign of disease. During the fishing operations, 
chemical and physical parameters (temperature, pH and salinity) of water were measured in 
three sampling stations with a multiparametric probe YSI 85 System (YSI Incorporated USA). 

Fig. 1 – Image of Gobius niger (Black goby), a marine teleost.
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After capture, ten G. niger were assigned to control group (Group A 17.27±2.40 cm of length 
and 70.23±2.40 g of weight) and were transported in tank containing 40L of pond-water 
which was equipped with an aerator. The time needed to transport the fish from the site of 
capture to the laboratory was approximately 10 min. In the laboratory, the fish were trans-
ferred in 150 L tank containing pond-water in order to maintain the same physical and chem-
ical conditions of the water observed at site of capture (Tab. 1). In this tank, the fish were 
acclimated for a period of 7 days to restore from the effects of capture, handling and transport. 
During this time fish were kept under natural photoperiod (sunrise at 06:00, sunset at 19:00) 
and were fed daily with shell-less mussels (Mytilus galloprovincialis) crushed in order to avoid 
the possible effect of starvation on any of the haematological and haematochemical param-
eters. Feeding was stopped at least 12 h before blood collection. Kieffer (2000) showed that 
physiological changes that occur during handling for most fish species to fully recover take 
approximately 8-12 h. On the contrary other authors have shown that only 4 h are enough 
to recover the levels of haematological parameters (Frisch & Anderson, 2000, 2005). Our 
protocol provided 7 day as an acclimation period for Group A, on the basis of this knowledge 
and in absence of data related to recover of haematological and haematochemical parameters 
after capture and handling in G. niger. 

Fig. 2 – Map of the study site (A) and fishing method (B).
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	 The other ten fish, were assigned to test group (Group B 16.50±2.00 cm of length and 
69.00±3.00 g of weight).On all animals, blood samples were collected by caudal vein using a 
sterile plastic syringe (2.5 ml) and transferred to special tubes (Miniplast 0.6 ml, LP Italiana 
Spa, Milano) containing EDTA (1.26 mg/0.6 ml) as an anticoagulant agent.
	 For Group A, blood samples were taken after 7 days of acclimation period. In order to 
avoid changes in the variables induced by the manipulation during sampling, fish were an-
esthetized with 0.5 ml/L of 2-phenoxyethanol that have no effect on haematological profile 
(Velisek et al., 2007).
	 For Group B, blood samples were taken after capture and handling of 1 minute. Sam-
plings were made at the same hour of the day for both groups in order to minimize circadian 
variations (Benneman, 1977). For the assessment of glucose and lactate on whole blood, a 
portable blood glucose analyzer (ACCU-Chek Active, Roche Diagnostics GmbH, Mannhe-
im, Germany) and a portable blood lactate analyzer (Accusport, Boehringer Mannheim, Ger-
many) were used. An automated haematology analyzer (HeCo Vet C, SEAC, Florence, Italy) 
with special lysing reagent for fish (SEAC, Code 71010460) was used to assess the complete 
haematological profile that involves the determination of the Red Blood Count (RBC), He-
matocrit (Hct), Hemoglobin concentration (Hgb), White Blood Cell Count (WBC), Throm-
bocytes Count (TC), Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin 
(MCH), Mean Corpuscular Haemoglobin Concentration (MCHC).
	 An unpaired t-test was used to determine significant differences in blood glucose, blood 
lactate and haematological parameters between Group A and Group B. P value < 0.05 was 
considered statistically significant. Data were analyzed using statistical software Prism v. 4.00 
(Graphpad Software Ldt., USA, 2003).

Results
	 In G. niger, glucose levels were significantly lower (P<0.0003; t(18)= 5.481) in Group 
A than in Group B, with a difference of 111.87 mg dL-1. Blood lactate exhibited decrease 
(P<0.0001; t(18)= 12.84) in Group A compared to that of Group B (difference of 2.68 mmol 
L-1). Significantly higher levels of MCH and MCHC were recorded for the control group 
compared with the test group (P<0.003; t (18)= 3.31) with an increase of 7.55 Pg and 4.04 g 

dL-1 respectively (Fig. 3). All obtained values of haematological parameters were within the 
physiological range (Katalay & Parlak, 2004). Mean values ± SD of haematological param-
eters, glucose and lactate are reported in Fig. 3.

Parameters

T (°C)
pH
Sal (%)

Natural Habitat (Faro pond)
(M ± SD)

25.30 ± 0.88
8.11 ± 0.03
33.43 ± 0.81

Tank

25.10
8.0

33.40

Experimental protocol

Tab. 1 – Chemical and physical parameters of water investigated in natural habitat and in tank.
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Fig. 3 – Mean value ± SD of studied parameters for Group A and Group B with the statistical significances.
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Discussion
	 The results of this study showed a significantly increase in blood glucose in Group B 
compared to Group A confirming that this parameter undergoes changes during fish capture 
and handling. In agreement with our results, Frisch and Anderson (2005) have found that 
in the coral trout there is an increase in plasma glucose concentration within 15 minutes of 
capture from the wild or in response to shallow water stress. The rise in plasma glucose levels 
can be presumed to indicate the occurrence of a classic stress response because following the 
initiation of the stress response there is mobilisation of energy by glycogenolysis and gluco-
neogenesis; it is known that both processes result in elevated blood glucose levels (Haux et al., 
1985; Laidley & Leatherland, 1988).
	 Sometimes no significant changes in blood glucose may be observed, because under 
stress the fish is rapidly consuming the energetic substrates generated (glucose) since the main 
function of the central nervous system is to maintain homeostasis (Mazeaud et al., 1977; Pick-
ering, 1981). Fast et al. (2008) did not observe a glucose rise in the Atlantic salmon during 
acute stress, but reported an increase when the fish were exposed to prolonged stress. 
	 Blood lactate concentration obtained on two groups of G. niger showed that this pa-
rameter similarly to blood glucose exhibited increased values in fish just caught (Group B) 
respect to fish kept in tank (Group A). This increase may be due to attempt of fish to wriggle 
free from the nets and from hands of an operator. Movements at high speed requires large 
increase in muscular activity, so, when this exceeds the ability of the circulatory system to 
transport oxygen to the active tissues, anaerobic metabolism supplements the aerobic metabo-
lism (Heath & Pritchard, 1962; Brett, 1972). The capacity for anaerobic energy production 
has been estimated from decreases in substrate reserves and products accumulation with a 
conversion of glucose to lactate followed by stimulation of piruvate metabolism and oxygen 
debt (Puckett & Dill, 1984, 1985; Kauffman, 1990; Goolish, 1991). Lactate produced in 
muscle fibers is released into the circulatory system following bursts of anaerobic activity. 
Thus, changes in lactate concentration are explained as a strategy to increase oxygen carrying 
capacity of blood or as a consequence of increased swimming activity during a periods of high 
energy demand (Ortuno et al., 2001). Acerete et al. (2004) established that lactate concentra-
tion increases significantly in several flowing severe exercise or as a result of hypoxia. In some 
studies, lactate is reported to keep rising for about half an hour following exercise (Richards et 
al., 2002), whereas in others, lactate reaches its maximum at the end of the exercise (Milligan 
et al., 2000). 
	 In the values obtained on the haematological parameters of G. niger, no significant 
changes were recorded except for MCH and MCHC that resulted higher in Group A than 
in Group B. The most important changes in the red blood cell count, haematocrit and MCV 
values, but in particular a decrease in MCHC value were observed also in carp during harvest 
(Svobodova et al., 2006). Obviously animals did not show a consistent response to all stres-
sors, and the physiological changes vary with the species and the stressor (López-Olvera et al., 
2006), so stress indicators must be established for each species and circumstance (Moberg, 
1987).
	 A study on Tilapia zillii and Clarias gariepinus, that as G. niger are euryhaline teleost fish 
and live in brackish waters, showed a different response to stress. In particular in T. zillii Ht, 
RBC, MCV and MCHC decreased following the exposure to handling, Hb values increased 
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significantly and the other haematological parameters increased but not significantly after 
stress; in C. gariepinus Ht, RBC, Hb values decreased following the exposure to stress, while 
MCV, MCH and MCHC increased after the stress (Gbore et al., 2006). Mean cell haemo-
globin concentration measure was used to assess the amount of red cell swelling (decreased 
MCHC) or shrinkage (increased MCHC) present (Milligan and Wood, 1982). The present 
study shows that capture and handling induced marked red cell shrinkage (increased MCHC). 
The significant change in MCH may be due the reduction in cellular blood iron, resulting in 
reduced carrying capacity of blood and eventually stimulating erythropoiesis (Hodson et al., 
1978). All haematological and haematolchemical parameters tested are to be referred to the 
chemical-physical parameters of Faro lake, but are closely related with capture and handling 
stress. This study supports earlier findings showing that the rise in circulating glucose and 
lactate following a stressful conditions such as capture and handling are higher rather than in 
rest condition fish. It is important to establish the most accurate method to measure stress of 
capture and handling to improve the welfare and reduce the mortality rate of fish.

	 Acknowledgements. The authors thank the members of SEAC diagnostic group for their scientific, techni-
cal and logistic support.

RIASSUNTO
	 Risposte fisiologiche alla cattura e alla manipolazione in Gobius niger
	 Gli autori studiano la risposta fisiologica indotta dallo stress da cattura e manipolazione 
in Gobius niger, teleosteo marino presente nel lago di Faro (Messina), un piccolo pantano 
meromittico marino, situato nella punta nord-est della Sicilia vicino al promontorio di Capo 
Peloro (38°15’57” N; 15° 37’ 50” E). Allo scopo 20 soggetti, divisi in due gruppi, sono stati 
utilizzati nella presente indagine. Dieci soggetti (Gruppo A) che rappresentavano il gruppo 
controllo, dopo la cattura e la conseguente manipolazione, sono stati trasportati in laboratorio 
e acclimatati per sette giorni in un acquario di 150 litri. Gli altri dieci soggetti, assegnati al 
gruppo sperimentale (Gruppo B), sono stati sottoposti a prelievo di sangue subito dopo la 
cattura e la conseguente manipolazione. Inoltre, nei siti di cattura sono stati effettuati cam-
pionamenti di acqua al fine di valutarne i principali parametri chimico- fisici (temperatura, 
pH e salinità) mediante l’utilizzo di una sonda multiparametrica (YSI 85 System). Su tutti i 
campioni di sangue, prelevati dalla vena caudale, sono state determinate le concentrazioni di 
glicemia mediante un glucosimetro (ACCU-Chek Active, Roche Diagnostics) e lattatemia 
mediante un lattacidometro (Accusport, Boehringer), mentre in laboratorio è stato valutato 
il profilo ematologico utilizzando un contaglobuli elettronico (HeCo Vet C, SEAC, Firenze). 
L’analisi statistica dei dati ha mostrato una significativa diminuzione nelle concentrazioni di 
glucosio e di lattato nel Gruppo A rispetto al Gruppo B con significatività di P <0.0001 e 
P <0.0003, mentre i valori del contenuto emoglobinico corpuscolare medio (MCH) e della 
concentrazione emoglobinica corpuscolare media (MCHC) hanno presentato un aumento 
significativo nel Gruppo A rispetto al Gruppo B con valori di P <0.003. I risultati ottenuti 
suggeriscono che i parametri valutati nella presente indagine possono essere considerati utili 
indicatori nella valutazione della risposta secondaria indotta dallo stress da cattura e conseg-
uente manipolazione ed inoltre forniscono valide informazioni per migliorare le condizioni di 
benessere in questa specie.
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