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Abstract Haematological parameters are often

used as health status and stress indicators in fish.

However, information on the effects of artificial

photoperiods on these parameters is scarce and

ambiguous. The consequences of three different

artificial photoperiod regimes [light/day 12 h:12 h

(LD 12:12) for 150 days as controls; LD 14:10 and

LD 24:0, both for an initial 60 days, and then

LD 12:12 for the remaining 90 days] were evalu-

ated in trout. In all fish the haemogram and the

erythrocyte production index (EPI) were assessed

at days 7, 14, 30 and 60 (phase 1) and at days 90,

120 and 150 (phase 2). At the end of phase 1,

photoperiods LD 14:10 and 24:0 induced higher

production of immature (late basophilic) erythro-

cytes (0.06–0.08 · 1012 cells/l, P < 0.05) and ele-

vated EPI (young erythrocytes = 1.6 in LD 14:10,

2.25 in LD 24:0; late basophilic erythrocytes = 4.1–

4.9 in LD 14:10, 3.3 in LD 24:0) than in controls

(late basophilic erythrocytes = 0.02–0.04 · 1012 cells/l;

EPI young erythrocytes = 0.2–1.0; EPI late baso-

philic erythrocytes = 1.4–2.7). During phase 2,

only reduced numbers of lymphocytes and throm-

bocytes were observed at day 150 in the LD 14:00

group. An increase in the EPI (1.9) of control

young erythrocytes was found at day 150.
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Introduction

Many biological activities are regulated in a

seasonal manner by the interaction of organisms

with these environmental factors that translate

into internal changes, which, in turn, affect

behaviour, feeding and reproduction (Sumpter

1997; Cerda-Reverter et al.1998; Herrero et al.

2005). Biological rhythms are typically synchro-

nized with ambient oscillations of photoperiod,

temperature and moon phases (Bolliet et al. 2001;

Rouff and Rensing 2004), photoperiod being the

key ‘‘Zeitgeber’’ (Bromage et al. 2001), usually in

close relationship with temperature (Pankhurst

and Porter 2003). Seasonality in day length

induces fluctuations in the amount of melatonin

produced by the pineal gland in most fish.
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Receptors for this hormone exist in the central

nervous system and other tissues whose activation

influences various enzymatic activities (Vanecek

1998; Witt-Enderby et al. 2003).

The immune system of poikilothermic verte-

brates also exhibits seasonal changes (Zapata

et al. 1992; Yellon et al. 1999; Kaattari and

Ottinger 2000; Leu et al. 2001; Boivin et al.

2003; Bilbo et al. 2003). These changes are

probably related to temperature fluctuations;

nevertheless, Nakanishi (1986) and Slater and

Schreck (1993) have shown seasonal variations in

immune system parameters in fish kept at con-

stant temperature, suggesting that, in addition,

other factors such as photoperiod could induce

these changes. Thus, these variations could be

controlled by a neuro-endocrine endogenous

rhythm (Zapata et al. 1992).

References to photoperiod effects on haema-

tological parameters in fish are scarce and can be

inferred mainly from seasonality studies (Bridges

et al. 1976; Collazos et al. 1995). Additionally,

since the majority of these reports are field

studies, they were also influenced by other

factors, such as temperature, which would com-

plicate deductions on how light affects these

blood parameters. Furthermore, laboratory con-

trolled studies of the effects of artificial photope-

riod on haematological aspects show different

results, presumably due to differences in the

illumination protocols utilized, species, and dura-

tion of exposure to light (Melingen et al. 2002;

Leonardi and Klempau 2003; Biswas et al. 2004).

In fish, as in mammals, haematological param-

eters are frequently used as health or disease

indicators (Duthie and Tort 1985; Gallardo et al.

2003; Ballarin et al. 2004). These indicators are

susceptible to age and nutrition (Silveira-Coffigny

et al. 2004) and also to a variety of environmental

conditions such as temperature, dissolved oxygen

concentration and contamination (Person-Le

Ruyet et al. 2004; Affonso et al. 2002; Orrego

et al. 2005). Haematological parameters are rec-

ognized as secondary stress indicators when an

increase in erythrocyte numbers, haematocrit,

haemoglobin concentration and leukopenia are

observed (Wedemeyer et al. 1990; Wojtaszek

et al. 2002; Pierson et al. 2004). In this respect,

Leonardi and Klempau (2003) have shown that a

light/day 24 h:0 h (LD 24:0) regime under labo-

ratory conditions is capable of inducing stress in

trout, and that this stress extends up to 2 months

after the application of the artificial photoperiod.

The effects of artificial photoperiod regimes on

reproductive patterns have been studied in

several species and with varied artificial photope-

riods (Bromage et al. 2001). On the other hand, it

has been reported in mammals that sex hormones

can affect cells of the immune system (Slater

et al. 1995; Johnson et al. 1997; Beagley and

Gockel 2003; Wira et al. 2003). This has also been

observed in some fish (Saha et al. 2004; Takafumi

et al.2001).

In Chile, LD 24:0 is commonly used to inhibit

grilsing and manage smoltification timing. In

previous reports it has been shown that LD 24:0

can induce alterations in the haematological

parameters of fish under field conditions com-

pared with control fish kept under natural photo-

period (Valenzuela et al. 2006a, 2006b). This

observation might be influenced by natural tem-

perature variations. Thus, one the objectives of

the present report was to assess the effect of

artificial photoperiods on haematological param-

eters at constant temperature. Three regimes

were selected: LD 12:12 (closest to natural at

that timepoint), LD 14:10 and LD 24:0. We chose

LD 14:10 to avoid the possible stress observed by

Leonardi and Klempau (2003). The different

effects were assessed during and after artificial

illumination protocols, considering after-effect

observations when the normal photoperiod was

resumed (Leonardi and Klempau 2003, Valenzuela

et al. 2006a, 2006b) and the possible relationships

between haematological parameters and gonadal

development (Valenzuela et al. 2006b).

Materials and methods

Juvenile trout (Oncorhynchus mykiss) close to

the ‘‘smolt’’ stage (70 ± 8 g), purchased at a local

fish farm in the VIII Region, Chile (37�17¢ S

71�43¢ W), were acclimatized for 1 month in 300 l

white plastic tanks, at the Bioassays Laboratory

of the University of Concepción, at a controlled

temperature (11 ± 1�C) and under a LD 12:12

photoperiod. Afterwards, they were divided into
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three groups (with two replicates each). Each

group was kept at a maximum density of 20 kg/m3

and was fed commercial pellets at a daily 0.5%

rate (Vextra Alpha, Ewos, Chile). An indepen-

dent recirculation system was provided for each

tank. During the experiments, the pH (6.0–6.8),

dissolved oxygen (7.1–8.7 mg O2/l) and ammonia

(<0.1 mg/l) were recorded twice a day.

Artificial illumination was provided by two

fluorescent tubes (18 W Luminex Interna) per

tank suspended 30 cm above the water surface

and controlled by Ticino timers. Each tank was

covered externally with black PVC sheets to

avoid light influences on neighbouring tanks.

No water temperature increase from the effect

of the lamps was observed during three daily

readings throughout the experiment: water and

animal room temperatures remained constant at

11 ± 1�C.

Experiment design

To assess the effect of artificial photoperiods

without the influence of temperature, we kept the

fish in the animal room at 11 �C ± 1�C. Control

trout were kept at the same conditions used for

acclimatization. After acclimatization (June 29th to

October 30th) the control protocol (LD 12:12) was

applied during the entire experimental period (150

days), whereas the LD 14:10 and LD 24:0 protocols

were applied for 2 months (phase 1, July 31st to

October 30th, following acclimatization) and then

LD 12:12 until January 29th (phase 2). Ten fish

were sampled from each group at the beginning of

phase 1 and a similar number on the following days:

7, 14, 30, 60, 90, 120 and 150 (30 fish per sampling).

Sampling was performed without the reposition of

the fish. During sampling on day 120, no fish were

examined from the LD14:10 group, because we

kept them for the next sampling to evaluate their

reproductive status. During each sampling a visual

inspection was made to assess gonadal development

and the emergence of secondary sexual features.

Blood analysis

Blood samples were obtained by puncture of the

caudal venous sinus with 3 ml disposable syringes

of randomly chosen and anaesthetized fish (ethyl

p-amino benzoate, BZ-20, Veterquı́mica, Chile).

Blood was transferred to Eppendorf tubes con-

taining EDTA and analysed according to the

procedures of Campbell and Murru (1990) and

Klontz (1994). The haematocrit was determined

immediately after the blood had been drawn by

centrifugation at 12,000 r.p.m. for 5 min, and

haemoglobin concentration was assessed by the

cyano-metahaemoglobin method using a haemo-

globin standard of 18 g/l and reading absorbance

at 546 nm in a Shimadzu UV 1601 spectropho-

tometer.

Leukocytes and erythrocytes were counted

using Neubauer chambers diluting the blood in

a Rees–Ecker solution at a proportion of 1:100.

Polychromatophil (immature erythrocytes) num-

bers were obtained from 1,000 erythrocytes per

fish, counted in May–Grünwald Giemsa-stained

blood extensions. Absolute numbers were calcu-

lated on the basis of total erythrocyte counts in

Neubauer chambers. We applied similar proce-

dures to obtain differential and total leukocyte

(including thrombocytes) counts on the basis of

500 counted cells in the stained extensions.

The qualitative description of erythrocytes was

adopted from Fijan (2002) and Valenzuela et al.

(2006a) (Figure 1).

The erythrocytic production index (EPI) for

immature erythrocytes (types 1 and 2) was calcu-

lated according to:

iEPI¼%iE� Hto L=Lð Þ=0:27ð Þ=bMT

Rodak;1992ð Þ:

This index is a general indicator of the rate of

erythrocyte production and was adapted for

trout, where % iE is the percentage of immature

erythrocytes (type 1 or 2), Hto is the fish haemat-

ocrit, 0.27 is a constant corresponding to mean

trout haematocrit inlitre by litre (L/L) according to

Klontz (1994), and bMT is maturation time for

blood erythrocytes (according to Rodak 1992 for

humans, since no data exist for trout).

The secondary erythrocyte indices [mean cor-

puscular volume (MCV), mean corpuscular hae-

moglobin (MCH), and mean corpuscular

haemoglobin concentration (MCHC)] were

obtained from the haematocrit, haemoglobin

and erythrocyte count data for each fish.
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Statistical analysis

We used factorial analysis of variance to investi-

gate interactions and to compare the effects of

photoperiod and time; Tukey’s multiple compar-

ison test was used for determination of significant

differences between treatments. All analyses

were performed with the STATISTICA (ver-

sion 6.0) packet program. Significative differences

were accepted as P < 0.05.

Results

Phase 1

Erythrocyte series

Artificial photoperiods did not induce significant

changes in erythrocyte counts (Fig. 2A), hae-

matocrit, haemoglobin concentration or second-

ary erythrocyte indices (Table 1). However, all

fish showed a gradual and constant diminishment

of haemoglobin concentration, MCH and

MCHC until day 60. In most parameters,

changes were observed with time and strong

relationships between time and artificial pho-

toperiods.

Although no changes in total erythrocyte

numbers could be observed, immature erythro-

cyte numbers varied in fish under artificial pho-

toperiods (Fig 2B). In the control group

(LD 12:12) these cells remained unchanged

(P > 0.05), while, in fish under LD 24:0 and

LD 14:10, immature erythrocytes increased their

numbers towards the end of this phase. Fish

under LD 14:10 exhibited more late basophilic

erythrocytes, with two peaks, one at day 7 and the

other at day 60, whereas fish under LD 24:0 had

only one peak, at day 60 (Fig. 3A). Young

erythrocytes did not change (Fig. 3B)

The iEPI of late basophilic—polychromatic

erythrocytes controls showed rather stable behav-

iour, oscillating between 1.4 and 2.7, while the

LD 14:10 group evidenced a peak of 4.9 at day 7

and another of 4.1 at day 60, coincident with the

unique erythrocyte production peak of the

LD 24:0 group (Fig. 4A). The iEPI for young

Fig. 1 Morphological
characteristics of trout
blood cells under
different photoperiod
regimes. (A)
Polymorphonuclear
(PMN) cell,
polychromatophil type 1
(P1) (basophilic
erythrocyte). (B)
Polychromatophil type 2
(P2) (young erythrocyte).
(C) Lymphocyte. (D)
Thrombocyte
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erythrocytes (Fig. 4B) resulted in an oscillation

between 0.3 and 0.9 for controls, whereas for

LD 14:10 a peak of 1.6 at day 7 and for LD 24:0 a

peak of 2.2 at day 30 were evident.

Thrombocytes and leukocytes

Total leukocyte numbers were unaffected by

artificial photoperiods (Fig. 5A, P > 0.05) as were

polymorphonuclear cells and monocytes in par-

ticular (Table 3). All groups tended to increase

their lymphocytes and thrombocytes with time

(Fig. 5B and C)

Gonadal development

No significant changes or differences in gonadal

development or secondary sexual characteristics

were observed in the different photoperiod

groups (Fig. 6).

Phase 2

Erythrocyte series

As opposed to phase 1, time did not influence

haematological parameter values, excepting

0.0

0.5

1.0

1.5

2.0

2.5

Start 7 14 30 60 90 120 150

E
ry

th
ro

cy
te

s 
(x

10
 12

ce
lls

/l)

LD 12:12

 LD 14:10

 LD 24:0

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

Start 7 14 30 60 90 120 150

T
o

ta
l i

m
m

at
u

re
 e

ry
th

ro
cy

te
s 

(x
10

 12
ce

lls
/l)

LD 12:12 

 LD 14:10 

 LD 24:0 

*

*

*

A

B

Fig. 2 Changes induced
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immature erythrocytes. No significant differences

were observed in erythrocyte numbers (Fig. 2A),

haematocrit, haemoglobin concentration or sec-

ondary indices (Table 2) between the three pro-

tocols. Similarly, the number of immature

erythrocytes and the iEPI did not show changes

related to the different photoperiods. Only the

young erythrocytes of the control group showed a

1.9-fold increase in the rate of production at

day 150 (Fig. 4B).

Thrombocytes and leukocytes

Total numbers of leukocytes had diminished by

day 150 in the LD 14:10 group, affecting neither

polymorphonuclear cells nor monocytes (Table 3).

Nevertheless, a significant effect of photoperiod

could be observed in the number of lymphocytes:

whilst controls and LD 24:0 remained above 7 ·
109cell/l, the LD 14:10 group dropped to fewer

than 4 · 109/l at day 150 (Fig. 5B). Similar results

were found for thrombocytes (Fig. 5C).

Gonadal development

Towards the end of this phase, an important

increase in gonadal size was observed in trout

exposed to LD 14:10 and LD 24:0 as compared to

controls (LD12:12). Microscopic changes were

more evident in males, some of which even sperm-

iated spontaneously when manipulated (Fig. 6).

Discussion

Results show that photoperiod alterations did not

affect the majority of haematological parameters,

excepting lymphocytes and immature erythro-

cytes. Even though variations in parameters

existed with time, these were probably related

to the (LD14:10 and LD 24:0) photoperiod-

associated increase in gonadal development

(unpublished results).

Erythrocytes

In general, this type of research is scarce;

Leonardi and Klempau (2003) showed that a

LD 24:0 photoperiod does not significantly

change erythrocyte numbers in trout, and, simi-

larly, Biswas et al. (2004) did not find alterations

in the haematocrit of tilapia (Oreochromis niloti-

cus) under short pulses of LD 6:6. Our results are

consistent in that no changes were found in trout

haematocrit or erythrocyte numbers during or

after artificial lighting. Furthermore, no effect

could be shown on our haemoglobin concentra-

tion data and secondary erythrocyte indices. On

the other hand, these results differ from those of

field studies after LD 24:0 was used, where

significant changes were found in erythrocytes

(Valenzuela et al. 2006a). This could be due to

interactions between artificial lighting and tem-

perature under natural conditions.

Table 1 Haematological parameters assessed trout under different photoperiod regimes during the first 60 days of
experimentation (phase 1). LD 12:12 = controls, n = 10 per group. Data show means ± SD. Hb haemoglobin

Photoperiod Time (day) Hto (%) Hb (g/dl) MCV (nm3) MCH (pg) MCHC (g%)

LD 12:12 Start 31 ± 2 6.1 ± 0.9 279 ± 41 55 ± 8 20 ± 3
7 33 ± 2 11.5 ± 1.6 360 ± 39 127 ± 20 35 ± 5
14 35 ± 2 8.2 ± 0.9 285 ± 81 66 ± 10 24 ± 4
30 36 ± 3 6.5 ± 0.8 413 ± 112 75 ± 22 19 ± 3
60 31 ± 3 6.0 ± 0.7 292 ± 20 56 ± 5 19 ± 1

LD 14:10 Start 31 ± 2 6.1 ± 0.9 279 ± 41 55 ± 8 20 ± 3
7 30 ± 2 9.0 ± 1.4 342 ± 57 102 ± 25 30 ± 6
14 38 ± 4 7.1 ± 1.5 346 ± 60 65 ± 14 19 ± 4
30 32 ± 4 6.6 ± 1.2 312 ± 95 64 ± 17 21 ± 5
60 33 ± 3 6.5 ± 0.8 254 ± 23 51 ± 7 20 ± 1

LD 24:0 Start 31 ± 2 6.1 ± 0.9 279 ± 41 55 ± 8 20 ± 3
7 31 ± 2 9.8 ± 2.0 310 ± 77 99 ± 32 32 ± 6
14 32 ± 3 7.1 ± 1.2 315 ± 36 68 ± 5 22 ± 3
30 39 ± 2 7.8 ± 0.9 351 ± 83 70 ± 17 20 ± 2
60 33 ± 3 6.3 ± 0.6 274 ± 42 53 ± 11 19 ± 2
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When our constant temperature controlled

results—which did not show significant differ-

ences—are compared with those of seasonal

haematology studies by others (Bridges et al.

1976; Collazos et al. 1998), where, during the fall–

winter seasons, a lowering of haematocrit and

erythrocyte numbers (and an increase during

spring–summer) could be observed, it can be

concluded that these changes were mostly tem-

perature dependent. Furthermore, differences in

haematocrit and erythrocyte numbers have also

been documented between sexes (Lane 1979),

although others did not report these dissimilar

observations (Korzhuev et al. 1982). Pickering

(1986) suggests that these gender-dependent dif-

ferences observed in salmon are common occur-

rences for mature fish, this based on the

observation that, in mammals, testosterone stim-

ulates erythropoiesis.

In our investigation, during phase 1, no changes

were evident in any of the haematological param-

eters studied, excepting immature erythrocyte
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numbers (peaks at days 7 and 60 for LD 14:10 and

one peak at day 60 for LD 24:0). Towards the end

of phase 2 (at day 150), when LD 14:10 and 24:0

fish began to show evident sexual maturation,

(Fig. 6), no significant changes in haematocrit,

haemoglobin concentration or total erythrocyte

numbers could be observed. In this respect it must

be considered that, in mammals, oestrogens are

erythropoiesis inhibitors (Pololi-Anagnostou et al.

1981) and androgens the contrary (Ohno and

Fisher 1978; Hero et al. 2005). This aspect is

important to consider, as evidence exists that

similar effects occur in fish (Álvarez et al. 1994).

This suggests that during artificial lighting eryth-

ropoietic stimulation occurred, probably due to

androgen production. This is supported by the

iEPI data, which show a 4–5-fold erythropoiesis

stimulation of late basophilic or polychromatic

erythrocytes and almost a twofold stimulation of

young erythrocytes during the first 60 days.

The use of iEPI is a good indicator of eryth-

rocyte production; however, this index must be

used with caution, since no fish erythrocyte

maturation timing data support these results,
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being merely based on comparisons with infor-

mation on human red blood cell (RBC) counts

(Rodak 1992). Considering the temperature-

dependent physiological activities of fish, these

values might be actually underestimated; there-

fore, trout iEPI values might be even higher.

Furthermore, the standardized haematocrit (0.27)

can also vary in function of environmental con-

ditions; thus, if the mean human haematocrit

(0.45) is taken into consideration, the same

tendencies are noticeable in the iEPI, but the

magnitude of erythrocyte production diminishes.
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Any modification of parameters considered by the

iEPI will result in the same tendencies, and the

increase of cell production will stay constant. The

improved use of this index will be dependent on

perfecting fish erythrocyte life span measurements

in the future. As of now, the index can be used

with relative precision.

Bridges et al. (1976) show an increase in

summer in the percentage of immature erythro-

cytes in the winter flounder (Pseudopleuronectes

Fig. 6 Changes in gonads
of trout under artificial
photoperiods. (A) Initial
conditions of the
experiment. (B) Gonadal
development at day 150
in males under phase 1
LD 14:10. (C) Gonadal
development at day 150
in control females
(LD 12:12). (D) Gonadal
development at day 150
in females under phase 1
LD 14:10. (E) Gonadal
development at day 150
in females under phase 1
LD 24:0. Arrows show
gonads

Table 2 Haematological parameters assessed in trout previously under LD 14:10 and LD 24:0 in phase 1 and then under
LD 12:12 (phase 2). LD 12:12 = control, n = 10 per group. Data show means ± SD. Hb haemoglobin

Photoperiod Time (day) Hto (%) Hb (g/dl) MCV (nm3) MCH (pg) MCHC (g%)

LD 12:12 90 33 ± 5 9.3 ± 1.9 233 ± 58 65 ± 10 29 ± 6
120 34 ± 3 9.9 ± 0.3 259 ± 20 76 ± 11 29 ± 3
150 34 ± 5 9.0 ± 0.9 230 ± 39 62 ± 13 27 ± 4

LD 12:12
Previously LD 14:10

90 34 ± 5 8.9 ± 0.4 255 ± 43 67 ± 6 27 ± 4
120
150 34 ± 1 8.2 ± 1.7 274 ± 62 66 ± 23 24 ± 5

LD 12:12
Previously LD 24:0

90 33 ± 2 9.7 ± 1.9 223 ± 66 64 ± 17 29 ± 5
120 39 ± 3 10.4 ± 1.1 253 ± 42 68 ± 15 27 ± 4
150 36 ± 1 8.3 ± 0.9 237 ± 31 55 ± 9 23 ± 3
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americanus). Härdig and Höglund (1984) also

report an important elevation in the percentages

of immature erythrocytes in salmon during sum-

mer and relate this to the observation that these

fish cease feeding during reproduction, which, in

turn, retards erythrocyte maturation and their

accumulation. Those authors also suggest that

seasonal changes in haematological parameters

depend more on photoperiod than on water

temperature variations. In view of that, in the

present investigation, trout were kept at a con-

stant 11�C and were fed equally, and no food

rejection was observed during the whole experi-

ment; the changes shown in the number of

immature erythrocytes confirm the suggestion of

Härdig and Höglund (1984) in that photoperiods

might be regulating erythropoiesis, specifically

the protocols LD 14:10 (summer) and LD 24:0

(constant light).

Considering that: (1) fish under LD 24:0 and

LD 14:10 showed a peak in immature erythrocyte

production approximately 3 months before an

increase was seen in the gonadal somatic index at

the end of phase 2, (2) secondary sexual charac-

teristics were also evident by the end of phase 2

and (3) the normal spawning time for salmonids is

in June–August in the southern hemisphere, it is

interesting to note that the increase in the

production rate of young erythrocytes in the

control group at the end of the experiment

(approximately at day 150) occurs in the summer

5 months before spawning time. Thus, the in-

crease of iEPI in fish under LD 14:10 and 24:0

may correspond to sex hormone-driven erythro-

poietic preparation for spawning.

One important aspect to underline is that,

although erythropoietic stimulation could be

revealed, no significative increases in erythrocyte

numbers were evident. This could be explained by

considering that the spleen is an erythrocyte

storage organ (Fange 1992) and that, in fish, it

can contract under adrenergic stimulation (Kita

and Itazawa 1989, 1990), rapidly releasing

erythrocytes into circulation upon demand or in

response to stressors.

Leukocytes

The effects of artificial photoperiods on leuko-

cytes and thrombocytes are poorly documented.

Melingen et al. (2002) exposed Atlantic salmon to

photoperiods and immunization and established

that fish exposed to continuous light had dimin-

ished numbers of B lymphocyte and increased

numbers of polymorphonuclear cells, relating

these findings to seawater transfer. Leonardi and

Klempau (2003) found diminishment only in

thrombocyte numbers in salmon under LD 24:0.

Biswas et al. (2004) determined that tilapia under

short-pulse LD 6:6 photoperiods presented more

lymphocytes than LD 12:12 controls did but

invariable numbers of polymorphonuclear cells.

Those authors could not establish stress effects by

photoperiod application as measured by cortisol

levels.

Ample evidence exists in fish, as well as in

other vertebrates, that, in spring (September–

November in the southern hemisphere), the

immune system is activated (Zapata et al. 1992),

which explains the general increase of leukocytes

during phase 2 in our experiments. Pickering

(1986) describes lymphopenia in sexually mature

fish towards spawning time, coinciding with our

results in that the LD 14:10 group showed the

Table 3 Variations in heterophils and monocyte numbers in trout under different photoperiod regimes during phase 1 and
under LD 12:12 during phase 2. n = 10 per group. Data show means ± SD

Cell types
(·109 cells/L)

Photoperiod Phase 1 Phase 2

7 14 30 60 90 120 150

Polymorphonuclear 12:12 1.0 ± 0.6 1.3 ± 0.4 0.3 ± 0.3 2.9 ± 1.5 0.6 ± 0.3 0.9 ± 0.4 1.5 ± 0.5
14:10 0.8 ± 0.4 0.7 ± 0.4 1.0 ± 1.2 1.4 ± 1.2 0.8 ± 0.5 n.r 1.9 ± 1.9
24:0 1.2 ± 1.4 1.8 ± 1.7 0.9 ± 1.1 1.2 ± 1.1 1.9 ± 1.3 1.3 ± 1.0 1.5 ± 1.9

Monocytes 12:12 0.1 ± 0.1 n.r 0.1 ± 0.2 0.1 ± 0.3 0.3 ± 0.2 0.4 ± 0.2 0.4 ± 0.2
14:10 0.2 ± 0.3 0.0 ± 0.0 0.05 ± 0.08 0.07 ± 0.2 0.4 ± 0.4 n.r 0.08 ± 0.1
24:0 0.1 ± 0.1 0.05 ± 0.1 0.1 ± 0.2 0.08 ± 0.2 0.5 ± 0.4 0.04 ± 0.09 0.1 ± 0.3

Fish Physiol Biochem (2007) 33:35–48 45

123



strongest development of sexual maturation and

the lowest numbers of leukocytes (and lympho-

cytes in particular). Although water temperature

plays an important role in the number of lym-

phocytes (Pickering 1986), in the present investi-

gation, temperature was kept constant during the

whole experiment.

Our observed diminishment of thrombocytes is

coincident with the findings of Leonardi and

Klempau (2003); thrombocytopenia has been

associated with high cortisol levels (Wiik et al.

1989). On the other hand, Pickering (1986)

describes low numbers of these cells during

spawning, again being consistent with the present

results, since the LD 14:10 group showed the

strongest development of sexual maturation and

the lowest numbers of thrombocytes.

Low numbers of both lymphocytes and throm-

bocytes are generally associated with stress

(Wedemeyer et al. 1990) by means of the immu-

nosuppressive effect of cortisol (Pulsford et al.

1994). In addition, Pickering and Cristie (1981)

show elevated cortisol levels in sexually mature

fish; furthermore, it must be considered that

sexual hormones also play an immunosuppressive

role (Slater and Schreck 1993; Harris and Bird

2000).

Results indicate that application of LD 14:10

and LD 24:0 induces advancement of gonadal

development as well as a heightened rate of

erythrocyte production, the latter probably being

a consequence of the former. Although no plas-

matic levels of sex hormones were actually

measured, the evidence that these hormones

might act on haematological parameters (erythro-

cytes, lymphocytes) is shown by the manifest

gonadal development under LD 14:10. Future

measurements of plasmatic levels of sex hor-

mones will clearly complement these studies to

confirm their effect on lymphocytes and erythro-

cytes. This aspect is particularly important when it

is considered that the diminishment of lympho-

cyte numbers in trout under LD 14:10 could be

explained as a photoperiodic effect on the hypo-

thalamus–hypophysis–gonad axis and not neces-

sarily as an altered photoperiod stressor effect,

additionally supported by the fact that no stress

evidence was found in the present experiments,

either by application or termination of artificial

lighting regimes, as shown by plasmatic cortisol

levels (unpublished data).
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