Contents

115
128
132
135

140

146

149

154

158

170
177

184

191

196

VOLUME 138 (2)

M. HAMID BASHIR, M. AFZAL & Bilal SAEED KHAN
Genus Armascirus (Acari: Prostigmata.: cunaxidae) from Pakistan

Romolo FOCHETTI, Roberto ARGANO & José Manuel TIERNO DE FIGUEROA
Feeding ecology of various age-classes of brown trout in River Nera, Central Italy

Murat KUTUK
A new species of Tephritis Latreille (Diptera: Tephritidae) from Turkey

Kamran MAHDIAN, Luc TIRRY & Patrick DE CLERCQ
Development of the predatory pentatomid Picromerus bidens (L.) at various constant temperatures

Hinda BERGHICHE, Moufida HOUAMRIA, Sandrien VAN DE VELDE, Noureddine
SOLTANI & Guy SMAGGHE
Effect of two insect growth regulators on the ecdysteroid contents in eggs of the mealworm

Aurora M. CASTILLA, Biecke VANHOOYDONCK & Alessandro CATENAZZI
Feeding behaviour of the Columbretes lizard Podarcis atrata, in relation to Isopoda (Crustaceae)
species: Ligia italica and Armadillo officinalis

EDREES GMF, EL-KHOLY WM, EL. HABIBY EM & EL-SHERBINY SA
Protective action of peanut oil in rats exposed to gamma-rays

Ali KARA & Bahar BAYHAN
Length-weight and length-length relationships of the bogue Boops boops (Linneaus, 1758) in Izmir
Bay (Aegean Sea of Turkey)

Salwa DRIDI, Mohamed Salah ROMDHANE & M’hamed EL CAFSI
Growth and seasonal variations of fatty acid composition of the Pacific oyster Crassostrea gigas
from the Bizert lagoon, Tunisia

Nele SOMERS, Binke D’HAESE, Beatrijs BOSSUYT, Luc LENS & Maurice HOFFMANN
Food quality affects diet preference of rabbits: experimental evidence

Qingzhong WANG, Huilian LIU, Yuqiang SHI, Zhifang PAN & Jiangang WANG
Activation of the GFRal/NCAM pathway stimulates Sertoli cell proliferation in vitro

Zhilin GUO, Yongsheng WANG & Yong ZHANG
Leptin promoted meiotic maturation of bovine oocytes and development of parthenogenetic acti-
vation and yak (Bos grunniens)-bovine interspecies cloned embryos

Abdel Elah A. BANAJA, Manal B. JAMJOOM, Ismail M. SHALABY & Youssuf A.
GHERBAWY

Discrimination between susceptible and non-susceptible Biomphalaria alexandrina snails — inter-
mediate hosts of Schistosoma mansoni in Western Saudi Arabia — using random amplified poly-
morphic DNA analysis

SHORT NOTES

Ugur KAYA, Ferah SAYIM, Eyup BASKALE & ibrahim Ethem CEVIK
Paedomorphosis in the banded newt, Triturus vittatus (Jenyns, 1835)

ISSN: 0777-6276

138 2)

2008

BELGIAN JOURNAL OF ZOOLOGY

Belgian Journal of Zoology

AN INTERNATIONAL JOURNAL PUBLISHED BY

THE ROYAL BELGIAN SOCIETY FOR ZOOLOGY

Volume 138 (2) — July 2008

THE BELGIAN JOURNAL OF ZOOLOGY 1s COVERED IN CURRENT CONTENTS, SCIENCE CITATION INDEX
AND IN OTHER LEADING REFERENCE PUBLICATIONS



The Royal Zoological Society of Belgium and its Belgian Journal of Zoology continue in a long scientific tradition devoted to the promotion of
zoology and to the publication of research in zoology. This tradition goes back to 1863, when the “Société Malacologique de Belgique” was
founded in Brussels and began to publish the “Annales de la Société Malacologique de Belgique.” Name changes took place in 1903 (“‘Annales
de la Société Royale Malacologique et Zoologique de Belgique™), and 1923 (“Annales de la Société Royale Zoologique de Belgique™). With
the internationalisation of the editorial board in 1989, the journal was opened to the international scientific community, and the name “Belgian
Journal of Zoology” was chosen. The Belgian Journal of Zoology is now distributed to the about 400 Belgian and international members of the
Society, to bookshops, and is accessible, through an active exchange policy, in 200 libraries of various institutions in more than 50 countries in
the world.

The Belgian Journal of Zoology is an open source journal, where all published papers will be made available through the journal website
(address see below).

The Belgian Journal of Zoology publishes, in English or French, original papers and notes in all fields of zoology, reviews or original points of
view on topics of general or current interest. All manuscripts (including short notes) are peer reviewed by at least two referees.

The Belgian Journal of Zoology appears in two regular issues per volume (January and July) and occasional special issues.
All manuscripts should be sent electronically to BJZ@ua.ac.be.

EDITORIAL BOARD

Editor (to whom manuscripts should be sent)  Assistant to the editor Associate Editor

Prof. Dr. Ronny Blust Mrs. Andrea Vlaeminck Dr. Nikki Watson (N.S.W., Australia)
(BJZ@ua.ac.be) (BJZ@ua.ac.be)

Department of Biology/EBT Department of Biology/EBT

University of Antwerp University of Antwerp

Groenenborgerlaan 171 Groenenborgerlaan 171

2020 Antwerp, Belgium 2020 Antwerp, Belgium

Branch Editors

Prof. Dr. D. Adriaens (University of Ghent) — anatomy & morphology = Prof. Dr. T. Artois (Hasselt University, Belgium) — taxonomy &
phylogeny ¥ Prof. Dr. L. Brendonck (KULeuven, Belgium) — aquatic ecology ™ Prof. Dr. P. Devos (University of Namur, Belgium) — cell &
animal physiology ™ Dr. F. Hendrickx (KBIN, Belgium) — invertebrate ecology ™ Prof. Dr. R. Huybrechts (KULeuven, Belgium) — molecular
& developmental zoology ™ Prof. Dr. H. Leirs (University of Antwerp, Belgium) — animal ecology & behaviour ® Prof. Dr. E. Schockaert
(Hasselt University, Belgium) — histology & ultrastructure

Scientific Board

P. Aerts (Antwerp, Belgium), T. Backeljau (Brussels-Antwerp, Belgium), J. Balthazart (Li¢ge, Belgium), R. Barbault (Paris, France), G.
Boxshall (London, UK), M. Curini-Galletti (Sassari, Italy), V. Darras (Leuven, Belgium), A. De Ricqles (Paris, France), A. Dhondt (Ithaca,
USA), A. Herrel (Cambridge, USA), M. Jangoux (Brussels-Mons, Belgium), P. Kestemont (Namur, Belgium), M. Kirsch-Volders (Brussels,
Belgium), P. Lebrun (Louvain, Belgium), P. Legendre (Montreal, Canada), O. Rieppel (Chicago, USA), E. Schierenberg (Koeln, Germany),
H. Schminke (Oldenburg, Germany), C. Tardieu (Paris, France), J. Van Alphen (Leiden, The Netherlands), D. Van der Horst (Utrecht, The
Netherlands), E. Verheyen (Brussels, Belgium), M. Vincx (Ghent, Belgium).

SUBSCRIPTION INFORMATION TO THE BJZ

Membership of the Royal Belgian Zoological Society includes a free subscription to the Belgian Journal of Zoology. Reduced annual dues exist
for regular members, PhD students (up to four years after graduation) and undergraduate students. Membership includes the free subscription
to the Belgian Journal of Zoology, as well as a subscription to the zoologist’s mailing list. Rates for annual dues can be found on the Society
website (see below).

Payments are accepted only in these currencies by cheque via a Belgian Bank or via an international money order directed to “Royal Belgian

Society of Zoology, B-1000 Brussels” on account number 000-0049113-31 (Fortis Bank). For international transfers: Fortis account number:

001-1870002-15, IBAN: BES3 0011 8700 0215, BIC: GEBABEBB, Fortis Bank NV, Warandeberg 3, B-1000 Brussels (Belgium). Payments

through VISA or MASTERCARD are no longer accepted.

Back issues/volumes and a price list are available on request to the treasurer (erik.verheyen@naturalsciences.be). For large orders a substan-
tial reduction can be offered.

Membership and subscription Requests for exchange, and other library matters

Dr. Erik Verheyen (erik.verheyen@naturalsciences.be) Dr. Laurent Meese (laurent.meese@natuurwetenschappen.be)
Treasurer Library Administrator

Royal Belgian Institute of Natural Sciences Royal Belgian Institute of Natural Sciences

Vautierstraat 29 Vautierstraat 29

B-1000 Brussels B-1000 Brussels

Belgium Belgium

The Belgian Journal of Zoology is published with the financial support of the “Direction générale de |’Enseignement supérieur
de la Recherche scientifique” and of the “Universitaire Stichting van Belgié/Fondation Universitaire de Belgique”.

General information about the Society and the Belgian Journal of Zoology,
including detailed instructions for authors, can be found on
http://www.naturalsciences.be/institute/associations/rbzs_website/rbzs/

INSTRUCTIONS FOR AUTHORS

The Belgian Journal of Zoology publishes, in English or French, original papers, reviews and notes in all fields of zoology. Papers in French
must include English translations of the title and of the abstract.

Manuscripts must contain significant new findings and must not have been published elsewhere nor be simultaneously under consideration for
any other publication outlet. Single-species descriptions will not be accepted unless they have broader relevance such as implications for phy-
logeny or biogeography.

Authors benefit from a waiver of page charges for up to eight printed pages for members and six pages for non-members. Additional pages are
charged to authors.

PREPARATION OF YOUR MANUSCRIPT

The page size of the Belgian Journal of Zoology is 17 x 24.6cm, in two columns of 8.15cm. Please keep this in mind, particularly with regard
to the size of figures and tables.

Manuscripts must be submitted in electronic version only (double spaced, with numbered pages and margins of at least 2.5cm), as well as the
original figures and tables. Figures and tables should be kept separate from the text; the legends should be at the end of the manuscript.
Manuscripts have to be submitted to the editorial office at BJZ(@ua.ac.be.

Text. Papers should be written in clear, concise language and consist of an abstract (summarizing the essential results and con-
clusions), introduction, material and methods, results and discussion. Sections and sub-sections should not be numbered,
but authors may suggest a printing format to give structure to the article. The title must be sufficiently informative.
Please provide a short running title and (additional) key words (separated by commas). The full first name (first name
first) and the address of each author should be given, as well as the e-mail address of the first or the corresponding
author. Keep following matter in mind: units should have the international format, and no space separates the value and
the unit; do not use a space before interpunction, but do use a space after it.

Figures. Figures are referred to in the texts by “Fig. n” (capital F and full stop) or “Figs n-m” (no full stop). Drawings should be
clearly readable after reduction to page width, column width or in between. Photographs should be sharp and with good
contrast. Label size should be adequate and the same in all illustrations after reduction. Magnification or reduction
should be given by a scale bar. Photocopies of photographs or figures are not acceptable. Indicate the preferred location
of each figure in the manuscript. An electronic version of all illustrations must be provided (see below). Inclusion of
colour prints is at additional charge. Legends to the figures come on a separate page.

Tables. The sizes of tables should take account of page width and length, or column width. Tables are referred to in the text by
“Table n”” (with capital T). The legend to a table is given on top of the table. Indicate the preferred location of each table
in the manuscript.

Electronic version.  An electronic version of the text should be provided, exclusively by e-mail as an attached file, preferably in MSWord
or RTF. Files of figures and tables should remain separated from the text file. Figure files should have the JPG, PICT
or TIFF format and those scanned should have a resolution of at least 300dpi. Tables and graphs may be sent as an Excel
file. Do not incorporate figures in a Word document because this may result in loss of quality. All files should have the
name of the first author and should begin with the MS number once it has been allocated after submission (see below).

Species names. Species names and the names of genera should be in italics. Names of species (and names of higher taxa) should be fol-
lowed, on the first occasion of use, by the name of the author who described the species or introduced the taxon name
(in lower case) and the year. This rule does not apply for names of plants. If a table of all the species names used in the
text is provided, the author names can be mentioned there. Do not use the genus name to indicate a species or individ-
uals of a species.

References. Author names in text citations should be in small capitals and in the following format: NAvAS (1996), LAUDER & LIEM
(1980) for two authors or WILSON et al. (1987) for more than two authors. Consecutive references must be separated by
a semicolon (;). All authors quoted in the text should be found in the reference list.
Examples of literature citations:
* Paper in a journal: NAvas CA (1996). Implications of microhabitat selection and pattern of activity on the thermal
ecology of high elevation neotropical anurans. Oecologia, 108: 617-626. (Abbreviation of the
journal according to the “World list of Scientific Periodicals™.)

* Paper in a book: MALLEFET J, VANHOUTTE P & BAGUET F (1992). Study of Amphipholis squamata luminescence.
In: ALERA-Liact & CANICATTI TI (eds), Echinoderm Research, L. Balkema, Rotterdam: 125-130.
* BELLAIRS: BELLAIRS R (1991). Egg incubation: its effects on an embryonic development in birds and rep-

tiles. Cambridge University Press, Cambridge.

Unpublished reports, master theses, etc... are not considered publications and should be referred to as “unpublished data” or “personal com-
munication” in the text. A report can be given in a footnote. Ph.D. theses are accepted in the reference list. Author names that only appear in
the text after a taxon, do not appear in the reference list.

Short notes. Short notes do not exceed two printed pages (incl. figures and tables —approx. 10 000 characters minus the figures and
references). They are the appropriate form for new findings of temporary importance, comments on papers published in
the journal, important new records of fauna, curiosa, etc. They should be written as a continuous text without the vari-
ous divisions of regular papers (and without an abstract). References for notes must be indicated in the text by numbers.
Short notes will be reviewed as normal papers.

PROCESSING

Manuscripts should be sent to the editor. On receipt of the manuscript, the corresponding author is notified by e-mail, and will receive the num-
ber under which the manuscript has been registered. Please mention this MS# first in the subject of e-mails and in the names of all files subse-
quently sent to the editor. The MS is then sent to at least two referees, and a reply may be expected six to eight weeks after receipt. If the MS
is accepted, the author is requested to prepare the final version, taking into account the remarks of the referees. Only one galley proof is sent as
a PDF file, to the corresponding author. The proof must be carefully corrected and sent back without delay.

Publication delay is between three and nine months, but is highly dependent of the willingness of the referees and the collaboration of the
authors.



Belgian Journal of Zoology

Published by the
“KONINKLIJKE BELGISCHE VERENIGING VOOR DIERKUNDE —
SOCIETE ROYALE ZOOLOGIQUE DE BELGIQUE”

Volume 138 (2)
(July, 2008)

Managing Editor of the Journal:

Ronny Blust
Department of Biology/EBT
University of Antwerp, Campus Groenenborger
B-2020 Antwerp (Belgium)



Printed in Belgium (July 2008) by
Drukkerij George Michiels, N.V., Tongeren



Belg. J. Zool., 138 (2) : 115-127 July 2008

Genus Armascirus (Acari: Prostigmata: Cunaxidae) from Pakistan
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ABSTRACT. Four new species of the genus Armascirus, namely A. akhtari n. sp., A. jasmina n. sp., A. sabrii n. sp. and A. gojraen-
sis n. sp. are described and illustrated from Pakistan. Distribution records of four already known species (4. satianaensis Bashir &
Afzal, A. asghari Bashir & Afzal, A. mactator Muhammad & Chaudhri and 4. pluri Muhammad & Chaudhri) are given. A key to

the species of the genus Armascirus from Pakistan is prepared and phenetic affinities of these species have been inferred.

KEY WORDS: Acari, Cunaxidae, Armascirus, Pakistan.

INTRODUCTION

Mites belonging to the family Cunaxidae are well-
known predators of harmful mites and small soft bodied
insects (SMILEY, 1992). WALTER & KAPLAN (1991) found
Coleoscirus simplex colonizes in greenhouse pot cultures
infested with root knot nematodes (Meloidogyne spp.) in
Florida, where it feeds on this nematode and other soil
arthropods. They also studied the feeding behaviour of
Cunaxidae. TAGORE & PUTATUNDA (2003) reported that
cunaxid mites were important predators in ornamental
plants in Haryana, India.

Armascirus, an important genus of the family Cunaxi-
dae, was erected by DEN HEYER (1978) designating A.
huyssteeni as its type species. MUHAMMAD & CHAUDHRI
(1991) collected and described two new species, A. mac-
tator and A. pluri from Pakistan. BASHIR & AFzAL (2005)
reported two new species A. satianaensis and A. asghari
from this region. During surveys of different climatic
regions of Punjab- Pakistan four new species of the genus
Armascirus, namely A. akhtarin. sp., A. jasmina n. sp., A.
sabrii n. sp. and A. gojraensis n. sp were collected from
leaf debris and are herein described and illustrated, mak-
ing a total of eight species of this genus now known from
Pakistan.

MATERIALS AND METHODS

Mites were extracted from samples of leaf debris proc-
essed through Berlese’s funnel for at least 24 hours, col-
lected in a beaker containing 50% alcohol, then preserved
in small vials containing 70% alcohol and few drops of
glycerine. The cunaxid mites were sorted out under a bin-
ocular microscope and permanent slides were prepared
using Hoyer’s medium. The mounted specimens were
identified using a phase contrast microscope and sketches
were prepared with the aid of an ocular grid. Identifica-

tion of the species was done with the help of the existing
keys and literature of SMILEY (1975; 1992), DEN HEYER
(1978) and BASHIR & AFzAL (2005). The setal nomencla-
ture of SMILEY (1992) has been followed. All the meas-
urements (in pm) and ranges are given in the description.
The following abbreviations are used in this manuscript.

asl attenuated solenidion
bsl blunt-ended solenidion
sts simple tactile setae

T trichobothrium

The phenetic relationships of all the known species of
this genus from Pakistan have been worked out by multi-
variate cluster analysis using average linkage method and
Euclidean distance by applying the computer software
Minitab 13.1. Twenty four morphological characters were
used (Table 1), and the result of cluster analysis is
depicted in the dendrogram (Fig. 5).

RESULTS

Key to species of genus Armascirus
known from Pakistan

1)Dorsal hysterosoma with lateral reticulated shields. . . 2

Dorsal hysterosoma without lateral shields . . ....... 7
2)Venter with 6 pairs of simple setae between

coxae Il and genital region. . .................... 3

Venter with 7 pairs of simple setae between

coxae Il and genital region. .. ................... 6

3)Palp genu with 3 spine-like setae and one simple seta. 4
Palp genu with only 3 spine-like setae
..................... satianaensis Bashir & Afzal

4)Coxa IV with 2 setae; genu II with 8 setae
................................. akhtarin. sp.
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5)Genu I with 9 setae; genital valve with longitudinal
rows of dot-like lobes

................. mactator-Muhammad & Chaudhri

Genu I with 8 setae; genital valve with random dot-like
lobes ............... pluri Muhammad & Chaudhri

6)Basifemora I-IV with 4-5-4-2 setae; genu I with 8 setae
.......................... asghari Bashir & Afzal
Basifemora I-IV with 5-5-3-2 setae; genu I with 7 setae
................................. Jjasmina n. sp.

7)Palp genu with 2 spine-like setae; genu I with 6 setae .
................................... sabrii n. sp.
Palp genu with 3 spine-like setae; genu I with 8 setae
............................... gojraensis 1. sp.

1. Armascirus satianaensis Bashir & Afzal
Armascirus satianaensis Bashir & Afzal, 2005: 119
Known Distribution: Pakistan: Faisalabad
Known Source: Plant debris

2. Armascirus asghari Bashir & Afzal
Armascirus akhtari Bashir & Afzal, 2005: 117
Known Distribution: Pakistan: Faisalabad
Known Source: Plant debris
3. Armascirus mactator Muhammad & Chaudhri
Armascirus mactator Muhammad & Chaudhri, 1991: 50
Known Distribution: Pakistan: Faisalabad
Known Source: Cauliflower
4. Armascirus pluri Muhammad & Chaudhri
Armascirus pluri Muhammad & Chaudhri, 1991: 50
Known Distribution: Pakistan: Faisalabad, Toba Take
Singh
Known Source : Plant debris and soil
5. Armascirus akhtari Bashir, Afzal & Khan, new species
(Figs 1 A—F)

Female

Gnathosoma

Gnathosoma 320 long and 110 wide. Hypostome cov-
ered with papillae, sub-rectangular in shape and cone-
shaped distally, with 4 pairs simple hypognathal setae
(hg,-hg,) and two pairs adoral setae (Fig. 1E).

Palp 5 segmented, all segments papillated, measuring
270. Chaetotaxy of palp as follows: trochanter none; bas-
ifemur with one simple seta; telofemur with one apophy-
sis and one spine-like seta; genu with one long triangular
apophysis, one simple seta and 3 spine-like setae; tibio-
tarsus terminating in a small claw, with 4 (1 long + 3
small) simple setae, and one small spine-like seta (Fig.
10).

Chelicerae 160 long, terminating in a claw, dorsal and
ventral sides with lobes, with one dorsolateral simple seta
(Fig. 1D).

Dorsum

Body 470 long (without gnathosoma) and 330 wide.
Propodosoma with reticulate sub-rectangular shield, orig-

inating behind the base of gnathosoma and extending to
the anterior region of hysterosoma. Propodosomal shield
with anterior and posterior sensillae PS, PS, measuring
250, 300 respectively and propodosomal setae P, P, both
simple 8.75 and 10.0 long, respectively.

Hysterosoma separated from propodosoma by papillate
striae. Hysterosoma with two reticulated lateral and one
triangular reticulated median shield, latter with setae D,
measuring 12.5. Setae L,, D, D;, D,, D5 present on dor-
sal hysterosomal membrane. Setae L, 11.25, D, 11.25, D,
15, D, 22.5 and D, 25 long, all simple. Hysterosoma with
one pair of pores lateral in position, between setae D, and
D, (Fig. 1A).

Fig. 1A. — Armascirus akhtari Bashir, Afzal & Khan,
new species, Dorsal Side

Fig. 1B. — Armascirus akhtari Bashir, Afzal &
Khan, new species, Ventral Side
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Fig. 1F

Fig. 1C. — Armascirus akhtari Bashir, Afzal & Khan, new species, Palp

Fig. 1D. — Armascirus akhtari Bashir, Afzal & Khan, new species, Chelicera
Fig. 1E. — Armascirus akhtari Bashir, Afzal & Khan, new species, E-Hypostome
Fig. 1F. — Armascirus akhtari Bashir, Afzal & Khan, new species, legs I-IV
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Venter

Venter with papillated striations. Coxae I-II and coxae
II-IV contiguous and reticulated. Hysterosoma with 6
pairs of simple setae between coxae II and genital region.
Genital valves covered with papillae arranged in rows,
each valve with 4 simple genital setae (g,-g,) longitudi-
nally aligned and 2 genital suckers. Anal setae (a) 1 pair,
paranal setae (pa) 2 pairs. One pair minute pores near anal
shield (Fig. 1B).

Legs

Legs I-IV measuring (from trochanter base to the tip of
tarsus) 333, 310, 370 and 380 respectively. All legs papil-
late, tarsi I-IV long, slender and attenuated, terminating in
conspicuous lateral bilobed flanges. Chaetotaxy of legs I-
IV as follows: Coxae 3-1-3-2; trochanters 1-1-2-1; bas-
ifemora 4-5-3-1; telofemora 4-4-4-4; genua 8 (3 asl + 5
sts)-8-6-5; tibiae 5(1 asl + 4 sts)- 6(1 bsl + 5 sts)-5-5(1 T
+ 4 sts) and tarsi 15(5 asl + 10 sts)- 12(1 bsl + 11 sts)-8-9
(Fig. 1F).

Male

Unknown.

Type

Holotype female, collected from University of Agricul-
ture (Faisalabad) from leaf debris on 01-08-2004 (Hamid)
and deposited in Acarology Research Laboratory, Depart-
ment of Agri. Entomology, University of Agriculture
Faisalabad — Pakistan.

Etymology

This species is named in honour of Prof. Dr. Akhtar.

Remarks

This new species can be separated from Armascirus
mactator Muhammad & Chaudhri by the following char-
acters.

1. Palp telofemur with 2 spine-like setae in A. mactator
as against only one in this new species.

2. Chaetotaxy of legs I-IV in 4. mactator is: coxae 3-2-
3-3; basifemora 5-5-4-2; genua 9-7-6-7; tibiac 7-6-6-5
and tarsi 29-24-22-21 whereas in the new species chaeto-
taxy of legs I-IV is, coxae 3-1-3-2; basifemora 4-5-3-1;
genua 8-8-6-5; tibiae 5-6-5-5 and tarsi 15-12-8-9.

This new species can also be separated from A. pluri
Muhammad & Chaudhri by the following characters.

1. Palp telofemur with one spine-like seta and two apo-
physes in A. pluri, while palp telofemur has one spine-
like seta and one apophysis in this new species.

2. In A. pluri genital shield with scattered papillae but
in this new species genital shield with papillae arranged
in rows.

3. In A. pluri leg segments I-IV coxae; basifemora;
genua; tibiae and tarsi with 3-2-3-3; 5-5-4-2; 8-7-6-7; 6-
5-6-5 and 29-25-23-22 setae respectively as against 3-1-
3-2; 4-5-3-1; 8-8-6-5; 5-6-5-5 and 15-12-8-9 in this new
species.

This new species also relates to 4. heryfordi Smiley in
that:

1. Hysterosomal shield triangular in this new species
while it is squarish in 4. heryfordi.

2. Ventral hysterosoma with 5 pairs of simple setae
between coxae II and genital region in A. heryfordi as
against 6 pairs in this new species.

This new species can also be separated from A. huyss-
teeni den Heyer and A. taurus (Kramer) by the setal
counts of legs I-I'V.

6. Armascirus jasmina, Bashir, Afzal & Khan,
new species
(Figs2 A—F)

Fig. 2A. — Armascirus jasmina, Bashir, Afzal &
Khan, new species, Dorsal Side

Fig. 2B. — Armascirus jasmina, Bashir,
Afzal & Khan, new species, Ventral Side
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Fig.2 p

I 11 I

Fig. 2 F

Fig. 2C. Armascirus jasmina, Bashir, Afzal & Khan, new species, Palp

Fig. 2D. Armascirus jasmina, Bashir, Afzal & Khan, new species, Chelicera
Fig. 2E. Armascirus jasmina, Bashir, Afzal & Khan, new species, Hypostome
Fig. 2F. Armascirus jasmina, Bashir, Afzal & Khan, new species, legs I-IV

50 pm
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Female

Gnathosoma

Gnathosoma 421 (411-450) long and 117 (108-118)
wide. Hypostome papillate, sub-rectangular in shape and
cone-shaped distally; with 4 pairs simple hypognathal
setae (hg,-hg,) and two pairs adoral setae (Fig. 2E).

Palp 5 segmented, all segments papillate, measuring
320 (310-320). Chaetotaxy of palp as follows: trochanter
none; basifemur with one simple seta; telofemur with one
apophysis and one spine-like seta; genu with one long tri-
angular apophysis, one simple seta and 3 spine-like setae;
tibiotarsus terminating in a small claw, with 4 (1 long + 3
small) simple setae, and one thick, stout spine-like seta
(Fig. 2C).

Chelicera 180 (180-200) long, terminating in a claw,
dorsal and ventral sides with lobes, with one dorsolateral
simple seta (Fig. 2D).

Dorsum

Body 510 (510-588) long (without gnathosoma) and
402 (323-441) wide.

Propodosoma with reticulated subrectangular shield,
originating behind the base of gnathosoma and extending
to the anterior region of hysterosoma. Propodosomal
shield with anterior and posterior sensillae PS,, PS, meas-
uring 284 (265-284), 411 (385-411) respectively and pro-
podosomal setae P, P, both simple 12 (11-14) and 12
(11-12) long, respectively.

Hysterosoma separated from propodosoma by papillate
striae. Hysterosoma with two lateral reticulated shields
and one triangular reticulated median shield with setae D,
measuring 12 (12-14). Setae L,, D,, D;, D,, D present on
dorsal hysterosomal membrane. Setae L, 11 (11-12), D,
10 (10-12), D, 13 (13-15), D, 36 (34-36) and D 36 (36-
38) long, all simple. Hysterosoma with one pair of lateral
pores between setae D, and D, (Fig. 2A).

Venter

Venter with papillate striations. Coxae I-II and coxae
III-IV contiguous and reticulated. Hysterosoma with 7
pairs of simple setae between coxae II and genital region.
Genital shield with two valves having random papillae,
each valve with 4 simple genital setae (g,-g,) in a longitu-
dinal row and 2 genital suckers. Anal setae (a) 1 pair,
paranal setae (pa) 2 pairs. One pair of minute pores near
anal shield (Fig. 2B).

Legs

Legs I-IV measuring (from trochanter base to the tip of
tarsus) 402 (402-412), 352 (253-382), 411 (411-421) and
460 (460-490) respectively. All legs with papillae, tarsi I-
IV long, slender and attenuated, terminating in conspicu-
ous lateral bilobed flanges. Chaetotaxy of legs I-IV as fol-
lows: coxae 3-2-3-2; trochanters 1-1-2-1; basifemora 5-
5-3-2; telofemora 4-4-4-4; genua 7 (1 asl + 6 sts)-6(1 asl

+ 5 sts)-6-7; tibiae 5(1 asl + 4 sts)-4-5-5(1 T + 4 sts) and
tarsi 16(4 asl + 12 sts)-14(1 asl + 13 sts)-13-12 (Fig. 2F).

Male
Unknown.

Types

Holotype female, collected at Faisalabad from leaf
debris on 02-08-2004 (Hamid). Five female paratypes
were collected from Faisalabad on 13-06-2004, one from
Multan on 17-06-2004, five from Faisalabad on 13-06-
2004, two from Bahawalpur on 12-08-2004, six from
Lahore on 28-08-2004, two from Sialkot on 11-07-2004
and three from Rahim Yar Khan on 16-08-2004. All were
collected from leaf debris and deposited in Acarology
Research Laboratory, Department of Agri. Entomology,
University of Agriculture Faisalabad — Pakistan.

Etymology

This species epithet refers to the source of collection.
i.e. dried leaves of jasmine (Jasminum grandiflorum: Jas-
minaceae)

Remarks

This new species is very similar to 4. heryfordi Smiley
but can be separated from it as followings:

1. Dorsal hysterosoma with rectangular reticulated
shield in 4. heryfordi while in 4. jasmina n. sp. hystero-
soma with triangular reticulated shield.

2. Venter with 5 pairs of simple setae between coxae II
and genital region in 4. heryfordi as against 7 pairs in A.
Jjasmina n. sp.

3. Chaectotaxy of coxae; basifemora; genua; tibiae and
tarsi of A. heryfordi with 3-2-3-3; 5-5-4-2; 8-7-6-7; 7-6-
6-5 and 19-13-13-13 setae respectively but in new species
with 3-2-3-2; 5-5-3-2; 7-6-6-7; 5-4-5-5 and 16-14-13-12
setae respectively.

This new species can also be separated from A. gimpeli
Smiley by the following characters:

1. Lateral hysterosomal shields absent in 4. gimpeli
while they are present in this new species.

2. Venter with 6 pairs of simple setae between coxae 11
and genital region in A. gimpeli as against 7 pairs in this
new species.

3. Both species differ in setal counts on legs I-I'V.

This new species is also similar to 4. taurus (Kramer),
but can be separated from it by the following characters:

1. Palp genu with two simple setae in 4. taurus while
palp genu with one seta in this new species.

2. Venter with 6 pairs of simple setae between coxae II
and genital region in A. faurus as against 7 pairs in this
new species.

3. Both species differ in setal counts of legs.

7. Armascirus sabrii, Bashir, Afzal & Khan,
new species
(Figs3 A-F)
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Female

Gnathosoma

Gnathosoma 265 (265-274) long and 78 (78-88) wide.
Hypostome papillate, sub-rectangular in shape and cone-
shaped distally with almost parallel sides, with 4 pairs
simple hypognathal setae (hg,-hg,) and two pairs adoral
setae (Fig. 3E).

Palp 5 segmented, all segments papillate, measuring
210 (205-210). Chaetotaxy of palp as follows: trochanter
none; basifemur with one simple seta; telofemur with one
apophysis and one spine-like seta; genu with one long tri-
angular apophysis, one simple seta and 2 spine-like setae;
tibiotarsus terminating in a small claw, with 4 (3 small
and 1 long) simple setae and one thick spine-like seta
(Fig. 3C).

Chelicera 110 (110-115) long, terminating in a claw,
dorsal and ventral sides with lobes, with one dorsolateral
simple seta (Fig. 3D).

Dorsum

Body 412 (392-412) long (without gnathosoma) and
303 (274-303) wide.

Propodosoma with reticulated sub-triangular shield,
originating behind the base of gnathosoma and extending
to the anterior region of hysterosoma. Propodosomal
shield with anterior and posterior sensillae PS, PS, meas-
uring 245 (196-245), 284 (265-284) respectively and pro-
podosomal setae P,, P, both simple 8 (7- 8) and 8 (7-8)
long, respectively.

Hysterosoma separated from propodosoma by stria-
tions bearing papillaec. Hysterosoma with only one tri-
angular reticulated median shield with setae D, meas-
uring 10 (8-10). Setae L, D,, D;, D, and D, present on
dorsal hysterosomal membrane. Setae L, 10 (8-10), D,
7 (7-8), D,y 16 (14-16), D, 24 (24-26) and Dy 25 (25-
27) long, all simple. Hysterosoma with one pair of
pores lateral in position, between setae D, and D,
(Fig. 3A).

Venter

Venter with papillated striations. Coxae I-II and coxae
III-IV contiguous and reticulated. Hysterosoma with 5
pairs of simple setae between coxae II and genital region.
Genital shield with two valves having random papillae,
each valve with 3 simple genital setae (g,-g,) in a longitu-
dinal row and 2 genital suckers. Anal setae (a) 1 pair,
paranal setae (pa) 2 pairs. One pair of minute pores near
anal shield (Fig. 3B).

Legs

Legs I-IV measuring (from trochanter base to the tip of
tarsus) 274 (265-274), 245 (225-245), 284 (265-284) and
294 (284-294) respectively. All legs with papillae, tarsi I-
IV long, slender and attenuated, terminating in conspicu-
ous lateral bilobed flanges. Chaetotaxy of legs I-IV as fol-
lows: Coxae 3-1-3-2; trochanters 1-1-2-1; basifemora 1-
2-1-0; telofemora 4-4-4-4; genua 6-7-5-6; tibiae 5(1 asl +

4 sts)-5-5(1 bsl + 4 sts)-5(1 T + 4 sts) and tarsi 11(2 asl +
9 sts)-7(1 bsl + 6 sts)-5-5 (Fig. 3F).

Fig. 3A. — Armascirus sabrii, Bashir, Afzal &
Khan, new species, Dorsal Side

Fig. 3B. — Armascirus sabrii, Bashir, Afzal &
Khan, new species, Ventral Side
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Fig. 3C. Armascirus sabrii, Bashir, Afzal & Khan, new species, Palp

Fig. 3D. Armascirus sabrii, Bashir, Afzal & Khan, new species, Chelicera
Fig. 3E. Armascirus sabrii, Bashir, Afzal & Khan, new species, Hypostome
Fig. 3F. Armascirus sabrii, Bashir, Afzal & Khan, new species, legs I-IV
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Male

Unknown.

Types

Holotype female, collected Faisalabad from leaf debris
on 16-04-2004 (Hamid). Five female paratypes were col-
lected from Faisalabad on 16-04-2004 and one was col-
lected from Kahror Paka (Lodhran) on 20-07-2004. All
were collected from leaf debris and deposited in Acarol-
ogy Research Laboratory, Department of Agri. Entomol-
ogy, University of Agriculture Faisalabad — Pakistan.

Etymology

This species is named for Mr. M. Altaf Sabry, a dedi-
cated collector and researcher in the Department of Agri.
Entomology, University of Agriculture, Faisalabad, Paki-
stan.

Remarks

This new species can be separated from A. pluri
Muhammad & Chaudhri and 4. mactator Muhammad &
Chaudhri by the absence of a lateral reticulated shield.

This new species can also be separated from A4. lebo-
wensis den Heyer as follows:

1. Palp telofemur with two apophyses in 4. lebowensis
as against only one in 4. sabrii n. sp.

2. Venter with 7 pairs of simple setac between coxae 11
and genital region in A. lebowensis where as in A. sabrii
n. sp. venter with only 5 pairs of simple setae.

3. Chaetotaxy of legs I-IV in 4. lebowensis as follows:
basifemora 5-5-4-2; genua 9-7-6-6; tibiac 7-6-5-5 and
tarsi 25-24-22-21 while chaetotaxy of legs I-IV in 4.
sabrii n. sp. as follow: basifemora 1-2-1-0; genua 6-7-5-
6; tibiae 5-5-5-5 and tarsi 11-7-5-5.

This new species also closely resembles A. gimpeli
Smiley, but can be separated from it by the following
characters:

1. Palp genu with 3 spine-like setae in 4. gimpeli while
with two spine-like setae in this new species.

2. Venter with 6 pairs of simple setac between coxae 11
and genital region in A. gimpeli as against 5 pairs in this
new species.

3. Both species differ in setal counts of legs.

4. Genital shield with 4 pairs of simple setae in 4. gim-
peli whereas genital shield with 3 pairs of simple setae in
this new species.

8. Armascirus gojraensis, Bashir, Afzal & Khan,

new species
(Figs4 A—F)

Female

Gnathosoma

Gnathosoma 254 long and 78 wide. Hypostome flask-
shaped, with 4 pairs simple hypognathal setae (hg,-hg,)
and 2 pairs adoral setae (Fig. 4E).

Palp 5 segmented, all segments papillate, measuring
200. Chaetotaxy of palp as follows: trochanter none; bas-

ifemur with one simple seta; telofemur with one apophy-
sis and one spine-like seta; genu with one long triangular
apophysis, 3 spine-like setaec and one simple seta; tibio-
tarsus terminating in a small claw; with 4 (1 long + 3
small) simple setae and one thick, stout spine-like seta
(Fig. 4C).

Chelicera 140 long, terminating in a claw, dorsal and
ventral sides with lobes, with one dorsolateral simple seta
(Fig. 4D).

Fig. 4A. — Armascirus gojraensis, Bashir, Afzal & Khan,
new species, Dorsal Side

Fig. 4B. — Armascirus gojraensis, Bashir, Afzal
& Khan, new species, Ventral Side
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Fig. 4 F

Fig. 4C. — Armascirus gojraensis, Bashir, Afzal & Khan, new species, Palp

Fig. 4D. — Armascirus gojraensis, Bashir, Afzal & Khan, new species, Chelicera
Fig. 4E. — Armascirus gojraensis, Bashir, Afzal & Khan, new species, Hypostome
Fig. 4F. — Armascirus gojraensis, Bashir, Afzal & Khan, new species, legs I-IV
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Dorsum

Body 362 long (without gnathosoma) and 235 wide.
Propodosoma with reticulated sub rectangular shield,
originating behind the base of gnathosoma and extending
to the anterior region of hysterosoma. Propodosomal
shield with anterior and posterior sensillae PS, PS, meas-
uring 186, 264 respectively and propodosomal setae P,
and P, both simple 8 and 10 long, respectively.

Hysterosoma separated from propodosoma by striae
bearing papillae. Hysterosoma with only one triangular
reticulated median shield with setae D, measuring 12.
Setae L,, D,, D;, D,, D present on dorsal hysterosomal
membrane. Setae L, 9, D, 10, D, 12, D, 17 and D, 27
long, all simple. Hysterosoma with one pair of pores
between seta D, and D, (Fig. 4A).

Venter

Venter with papillated striations. Coxae I-II and coxae
HI-IV contiguous and reticulated. Hysterosoma with 4
pairs of simple setae between coxae II and genital region.
Genital shield with two valves having lobe like dots
arranged in rows, each valve with 3 simple genital setae
(g,-g;) in a row and 2 genital suckers. Anal setae (a) 1
pair, paranal setae (pa) 2 pairs. One pair of minute pores
near anal shield (Fig. 4B).

Legs

Legs I-IV measuring (from trochanter base to the tip of
tarsus) 264, 254, 284 and 303 respectively. All legs with
papillae, tarsi I-IV long, slender and attenuate, terminat-
ing into conspicuous lateral bilobed flanges. Chaetotaxy
of legs I-1V as follows: Coxae 3-2-3-3; trochanters 1-1-2-
1; basifemora 2-2-1-1; telofemora 4-4-4-3; genua 8-6-6-
6; tibiae 5-5-6(1 bsl + 5 sts)-5(1 T + 4 sts) and tarsi 10(4
asl + 6 sts)-7(1 asl + 1 bsl + 5 sts)-5-5 (Fig. 4F).

Male

Unknown.

Type

Holotype female, collected Gojra (T.T. Singh), Paki-
stan, from leaf debris on 06-08-2004 (Hamid) and depos-
ited in Acarology Research Laboratory, Department of
Agri. Entomology, University of Agriculture Faisalabad -
Pakistan.

Etymology

This species epithet is for the type locality.

Remarks

This new species can be separated from A4. limpopoen-
sis den Heyer as follows:

1. Palp telofemur in 4. limpopoensis with one triangu-
lar apophysis but in this new species this triangular apo-
physis is absent.

2. Venter with 7 pairs of simple setae between coxae I1
and genital region in A. limpopoensis as against 5 pairs in
this new species.

3 Chaetotaxy of legs I-IV in 4. limpopoensis as fol-
lows: basifemora 5-5-4-2; telofemora 4-4-4-4; genua 8-7-
6-8; tibiae 8-6-6-5 and tarsi 25-25-23-21 whereas in the
new species chaetotaxy of legs I-IV as follows: basifem-
ora 2-2-1-1; telofemora 4-4-4-3; genua 8-6-6-6; tibiae 5-
5-6-5 and tarsi 10-7-5-5.

This new species can also be separated from 4. gimpeli
Smiley by the following characters:

1. Genital shield with 4 pairs of simple setae in 4. gim-
peli while genital shield with 3 pairs of simple setae in 4.
gojraensis n. Sp.

2. Both species differ in setal counts of legs I-IV.

3. Venter with 6 pairs of simple setae between coxae II
and genital region in 4. gimpeli as against 4 pairs in A.
gojraensis n. Sp.

This new species also resembles to 4. taurus (Kramer),
but can be separated from it by the following characters.

1. Hysterosomal lateral shields are absent in this new
species while lateral shields are present in A. taurus.

2. Venter with 6 pairs of simple setae between coxae 11
and genital region in A. faurus as against 4 pairs in this
new species.

3. Genital shield with 4 pairs of simple setae in 4. tau-
rus while with 3 pairs in this new species.

4. Setal counts on legs I-IV differ in both species.

DISCUSSION

DEN HEYER erected the genus Armascirus in 1978 and
designated A. huyssteeni as its type species. He placed
this genus under the subfamily Cunaxinae, tribe Armas-
cirini, which also includes the genus Dactyloscirus Ber-
lese, 1916. Some important works on this genus were
published by SEPASGOSARIAN (1984) and LiaNG (1985),
but major contributions are by SMILEY (1992) who added
five new species and made a total of ten species in this
genus. From Pakistan a total of eight species (including
four new species herein described) have been recorded.

The dendrogram of genus Armascirus (Fig. 5) depicts
the highest similarity (92.76%) between the species mac-
tator and pluri: both share the same habitat (Faisalabad)
in central Punjab and are exposed to similar environmen-
tal factors. The species jasmina and asghari, both from
discrete localities in the Punjab, show a similarity of
90.53% with each other. The species akhtari and
satianaensis, both from same locality and sharing 79.72%
characters, join the jasmina — asghari pair at 74.50%
affinity level, whereas gojraensis — sabrii pair having an
affinity of 89.41% also from the same locality join this
cluster at 69.91% affinity level, thus forming a big clus-
ter. The species pair mactator — pluri join the large cluster
sharing weak phenetic affinity of only 21.97%.
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Fig. 5. — Dendrogram of 8 species of the genus Armascirus from Pakistan
TABLE 1
Prevalence of 24 characters in 8 species of the Genus Armascirus (Acari; Cunaxidae) from Pakistan.
Species
Characters
satianaensis akhtari asghari Jjasmina sabrii gojraensis pluri mactator
I 3 3 3 3 2 3 3 3
I 0 1 1 1 1 1 1 1
11 1 1 1 1 0 0 1 1
v 12 12 14 14 10 10 12 12
\% 4 4 4 4 3 3 4 4
VI 4 4 3 3 3 4 3 4
Vil 2 1 2 2 1 2 2 2
VIII 2 2 2 2 2 3 3 3
IX 4 4 4 5 1 2 5 5
X 4 5 5 5 2 2 5 5
XI 3 3 4 3 1 1 4 4
Xl 3 1 2 2 0 1 2 2
XIII 4 4 4 4 4 3 4 4
X1V 8 8 8 7 6 8 8 9
XV 4 8 6 6 7 6 7 7
XVI 6 6 6 6 5 6 6 6
XVII 7 5 6 7 6 6 7 7
XVII 6 5 6 5 5 5 6 7
XIX 5 6 5 4 5 5 5 6
XX 6 5 6 5 5 6 6 6
XXI 11 15 18 16 11 10 29 29
XXII 10 12 15 14 7 7 25 24
XXIII 9 8 13 13 5 23 22
XXIV 7 9 12 12 5 5 22 21

I, Spines on palp genu; II, Setae on palp genu; III, Long triangular apophysis on palp genu (0, absent; 1, present); IV,
Setae on ventral hysterosoma; V, Setae on genital shield; VI, Genital shield (1, smooth; 2, striated; 3, random dots; 4,
with dots arranged in rows); VII, Setae on Coxa II; VIII, Setae on Coxa IV; IX, Setae on basifemur [; X, Setae on bas-
ifemur II; XI, Setae on basifemur III; XII, Setae on basifemur IV; XIII, Setae on telofemur IV; XIV, Setae on genu I;
XV, Setae on genu II; X VI, Setae on genu II1; XVII, Setae on genu IV; XVIII, Setae on tibia I; XIX, Setae on tibia II;
XX, Setae on tibia III; XXI, Setae on tarsus I; XXII, Setae on tarsus II; XXIII, Setae on tarsus III; XXIV, Setae on

tarsus IV.
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The observed similarity might be due to the shared
states of the chosen attributes, with the similarity increas-
ing with the number of these shared attributes. Some-
times, however, we may restrict the attributes considered
to only those that are relevant or similar in diagnostics in
the sense that the characters chosen are shared only by
some but not by all the species under consideration.
According to JORDINE & SIBSON (1971), a similarity may
thus be converted into dissimilarity for any fixed list of
attributes in such cases.

KoHN & OrioNs (1962) have argued that closely
related species could exploit different niches through
adaptation not involving conspicuous morphological
character differences. This point was made earlier by
DoOBZHANSKY (1940) and SiMpsoN (1953; 1961) who
advocated that the adaptive value — be it morphological,
ecological or physiological — of a species complex is the
property of genotype. This observation has been con-
densed by WILSON (1965) who argued, in relation to phe-
notypic plasticity, that behaviour (distribution) is the part
of phenotype most likely to become modified in response
to changes in the environment. Future studies may reveal
that the evolutionary plasticity of mite behaviour (distri-
bution) provides an excellent avenue of adaptation.

LitTLEJOHN (1981) concluded that a discontinuous
array of biological diversity exists, particularly when
viewed in a spatially restricted situation, and to under-
stand the mechanisms and processes responsible for the
origin and maintenance of this diversity one should look
into the environment to formulate a combined ecological
and genetic analysis. It is with this respect that some
assumptions have been made to stimulate further studies.

Regardless of what has been presented in this paper,
there remain many issues — ecological, physiological, and
behavioural or genetics — for further study in Cunaxid
mites.
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Feeding ecology of various age-classes of brown trout
in River Nera, Central Italy

Romolo Fochetti!, Roberto Argano?> & José Manuel Tierno de Figueroa®

! Dept. of Environmental Sciences, University of Viterbo, Largo dell’Universita 01100, Viterbo, Italy. E-mail: fochetti@uni-
tus.it

2 Dept. of Animal and Human Biology, v.le Universita, 32, 00185, Rome, Italy

3 Dept. de Biologia Animal. Facultad de Ciencias. Universidad de Granada, 18071, Granada, Spain. E-mail: jmtdef@ugr.es

ABSTRACT. We studied the composition of the stomach contents of brown trout (Sa/mo trutta trutta) of different ages in the river
Nera, Central Italy. Each age class of fish consumed significantly different prey taxa. Plecopteran nymphs tended to increase in per-
centage as the individuals became older, while ephemeropteran nymphs were always present in high percentage. Trichopteran lar-
vae were the most abundant prey in trout younger than 2+, while their percentage decreased considerably in older fish. The remain-
ing aquatic prey (except dipteran larvae) were scarce and, finally, terrestrial prey were consumed more by older individuals.
Vanderploeg & Scavia’s index shows a high preference for species of Trichoptera by trout younger than 3+, plecopteran species by

those older than three years, and a general negative preference for species of Ephemeroptera by all age classes.

KEY WORDS : Salmo trutta trutta, diet, age, Italy.

INTRODUCTION

Salmonids are generally considered as opportunists
(HUNT & JONES, 1972) or generalists (HYNES, 1970) since
they are unselective on prey. However, the predatory
activity of the brown trout (Salmo trutta trutta L., 1758)
cannot be considered simply proportional to the environ-
mental density of the prey, as shown by WARE (1972) for
rainbow trout.

FocHETTI et al. (2003) studied the stomach contents of
brown trout from the Nera River (Central Italy), confirm-
ing the presence of selectivity in its feeding behaviour. In
fact, the electivity index showed a negative selection for
some species of Ephemeroptera and Diptera and positive
selection for species of Trichoptera. Moreover, it was also
found that ephemeropteran species dominated spring and
summer diets, while trichopteran species prevailed in
winter.

Since the diet of fish often changes with body size
(ELLIOTT, 1967; WERNER & GILLIAM, 1984), and in sal-
monids older fish shift their preferences towards larger
prey (KEELEY & GRANT, 1997), the aim of the present
study was to analyse the possible changes in diet between
the different age classes of individuals of brown trout in a
river of Central Italy. Moreover, we wanted to verify the
relationship between the availability of potential mac-
robenthic prey and their actual presence in the diet, and to
compare the electivity values shown by brown trout of
different ages.

MATERIALS AND METHODS

The study site was located along the River Nera. This
river originates in the Sibilline Mountains (Central Italy)
and flows for about 125km, before joining the River
Tiber. The study area encompassed the middle 30km

region of the river, a river stretch that has been declared
Regional Park with the aim of protecting the fish commu-
nity, which is mainly composed of brown trout, Italian
roach (Rutilus rubilio Bonaparte, 1837), soufie (Leucis-
cus souffia Risso, 1826), chub (Leuciscus cephalus L.,
1758) and bullhead (Cottus gobio L., 1758) (MEARELLI et
al., 1996). The trout population is sustained by yearly
reintroduction of fry and juveniles. In the study stretch the
river has an average width of 6 meters, a depth of 80-
90cm, and substratum is mainly composed of cobbles,
pebbles and gravel. The river banks are flanked by willow
(Salix spp.), alder (4lnus glutinosa L., 1758), elm (Ulmus
minor, Miller 1768) and poplar (Populus nigra L., 1758)
trees.

Macrobenthos was sampled by kicking method (3 min-
utes searching in all major microhabitats; mesh 0.47mm;
see HELLAWELL, 1978) seasonally, from October 1996 to
January 1998, at four sampling sites.

Brown trout were caught by angling along the same
stretch where macrobenthos was collected. A preliminary
electrofishing was unsuccessful, due to the river’s depth,
velocity, and bottom irregularities that prevented netting
the fish. While angling is a selective method of collecting
trout, the feeding habit of angled fish is generally consid-
ered to be representative of the feeding habits of the entire
population for the size classes represented (ELLIOTT &
JENKINS, 1972; HUNT & JONES, 1972; TIPPETS & MOYLE,
1978 ; MATHOOKO, 1996). The captures occurred at dawn
and before dusk, from February to October 1997, exclud-
ing the breeding period in autumn.

A total of 56 trout were caught. After capture, standard
length (SL) and total length (TL) of each fish were meas-
ured, and a scale sample (6-10 scales) was removed for
age determination on the basis of NEEDHAM’s criteria
(1969) with the aid of a stereoscopic microscope. Because
brown trout under 13cm are protected, all small individu-
als were released. Hence, the study included adult fish
aged 2 years and older. Stomachs were removed in the
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field and placed in 10% formalin solution. For each stom-
ach both a qualitative and a quantitative evaluation of the
contribution given to the trout’s diet from every food item
was made. The percentage in the gut content of each prey
type for each age class of trout was calculated
(%P=number of items of a prey type * 100/total number
of items consumed).

VANDERPLOG & SCAVIA’s (1979a; 1979b) electivity
index was used to quantify prey selection. The index is
defined as follows:

[W;—(1/n)]
[W,+(1/n)]

where W, is CHESSON’s (1978) coefficient:

L (ri/pi)
b2(r/py)

n is the number of different categories, r; is the relative
proportion in the diet of a food category and p; is the pro-
portion of the same category in the benthic community.

This index is used in most fish prey selection studies
because it is relatively unbiased. The index can vary from
—1 (greatest negative selection) to +1 (greatest positive
selection). E gives a good estimate of the effort exerted by
the predator in selecting a prey and gives high weight to
the prey that, being rare in the environment, requires
greater effort from the predator.

A non-parametric observed versus expected y>-test was
employed to detect significant differences in the diet com-
position between age classes.

RESULTS

Stomachs were full in 51 out of 56 trout investigated;
they contained 64 taxa of benthic or terrestrial macroin-
vertebrates and/or vegetation, which were grouped into

16 categories (Table 1). Aquatic insects were the most
ingested prey, particularly trichopteran larvae and
ephemeropteran nymphs, while non-insect aquatic ani-
mals were rarely eaten by the trout.

The percentage of plecopteran nymphs tended to
increase with the individual’s age; ephemeropteran
nymphs were always present in high percentage (Table 2).
Trichoptera larvae formed a high percentage (approxi-
mately 50%) in trout three and younger than three years
old and after that age the percentage decreased considera-
bly. The remaining aquatic prey (Crustacea, Gasteropoda,
Nematoda and Annelida) were not abundant, and terres-
trial prey (including adults of Plecoptera, Ephemeroptera
and Trichoptera and other arthropods of terrestrial origin)
were consumed more by older individuals. Ephemerop-
teran nymphs and trichopteran larvae were the most abun-
dant prey and were always present in gut contents of trout
in age classes 2 and 2+, trichopteran and dipteran larvae
in age class 3, ephemeropteran nymphs in age class 3+,
ephemeropteran nymphs, followed by dipteran larvae,
terrestrial prey and plecopteran nymphs, in age class 4-5.

Differences in diet composition among different age
classes were significant between every age class () test is
not significant only between individuals of age classes 2
and 2+) (Table 3).

If we consider only the aquatic prey (Tables 4 & 5), we
obtain the same pattern described in Tables 2 and 3. The
most abundant macrobenthic taxon was Ephemeroptera,
followed by Diptera; they were generally present in a
higher percentage in the macrobenthos than they were in
the diet of any age class. Trichopteran species showed
opposite tendency.

Vanderploeg & Scavia’s index “E” (Table 6) shows
high preference for trichopteran prey in trout younger
than four, for plecopteran prey in trout older than three,
and a general negative preference for ephemeropteran
species as prey in all age classes.

TABLE 1

Gut content composition of brown trout showing the number of items found by age classes. n=number of individuals studied in each age
class, A=adult, N=nymph, L=larva, Plecop=Plecoptera, Ephem=Ephemeroptera, Trichop=Trichoptera, Dipt=Diptera, Coleop=Coleop-
tera, Crust=Crustacea, Gast=Gastropoda, Nem=Nematoda, Annel=Annelida, Terr=other terrestrial prey, Veg=vegetation.

Plecop Ephem Trichop Dipt Coleop

Age Crust Gast Nem Annel Terr Veg Total

class A N A N A L A L A

2 18 0 18 13 102 2 231 0 19 3 0 2 1 1 1 28 18 439

2+ 11 0 5 5 89 1 112 0 20 0 3 2 0 0 0 5 23 265

3 10 0 14 2 26 0 119 0 51 0 0 3 0 0 1 1 37 254

3+ 5 4 6 0 43 0 12 0 3 1 0 1 0 0 0 6 3 79

4-5 7 3 22 6 72 0 7 0 31 0 0 3 0 0 2 24 174
TABLE 2

Percentage in the gut content of each prey type (%P). For each age class of trout, %P =number of items of a prey type
* 100/total number of items consumed. Vegetation was not included. Abbreviations as in Table 1.

Age . Plecop Ephem Trichop Dipt Coleop D S T W
class A N A N A L A L A

2 18 0 43 3.1 242 05 549 0 4.5 0.7 0 0.5 0.2 0.2 0.2 6.7

2+ 11 0 2.1 21 368 04 463 0 8.3 0 1.2 0.8 0 0 0 2.1

3 10 0 6.5 09 12 0 54.8 0 23.3 0 0 1.4 0 0 0.5 0.5

3+ 5 53 7.9 0 56.6 0 15.8 0 39 1.3 0 1.3 0 0 0 7.9

4-5 7 1.8 129 35 424 0 4.1 0 18.2 0 0 1.8 0 0 1.2 14.1
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TABLE 3

Comparison of gut content of different age classes of brown
trout with non-parametric y2-test (df=14). In bold and italic

when p>0.05.
2+ 3 3+ 4-5
2 21.85 111.33 113.29 660.78
2+ 72.68 86.08 463.85
3 241.70 670.70
3+ 65.69
TABLE 4

Relative percentage (%) of aquatic macroinvertebrate in the gut content (aquatic components only) and in
macrobenthos. Abbreviations as in Table 1 except Others=Gastropoda + Nematoda + Annelida.

Age class Plecop N Efem N Trichop L Dipt L Coleop L+A Crust Others
2 4.8 27 61.1 5 0.8 0.5 0.8
2+ 2.2 38.5 48.5 8.7 1.3 0.9 0
3 6.5 12.1 55.6 23.8 0 1.4 0.5
3+ 9.1 65.2 18.2 4.5 1.5 1.5 0
4-5 16.1 52.6 5.1 22.6 0 22 1.5
Macrobentos 39 60.8 59 15.7 4.9 7.8 1.0

TABLE 5

Comparison of gut content (considering only the aquatic preys)
of different age classes of brown trout with non-parametric 2-
test (df=6). In bold and italic when p>0.05.

2+ 3 3+ 4-5
2 11.72 34.95 126.58 650.64
2+ 71.61 70.80 395.92
3 205.13 537.98
3+ 55.93
TABLE 6

VANDERPLOG AND SCAVIA’S (1979a; 1979b) electivity index (E) for the eaten macrobenthic prey. n=number of individuals studied in
each age class, A=adult, L=larva, Plecop=Plecoptera, Ephem=Ephemeroptera, Trichop=Trichoptera, Dipt=Diptera, Coleop=Coleop-

tera, Crust=Crustacea, Others=Gastropoda + Nematoda + Annelida.

Age class n Plecop (N) Efem (N) Trichop (L) Dipt (L) Coleop (L+A) Crust Others
2 18 -0.21 -0.65 0.69 -0.75 -0.87 -1 -0.40
2+ 11 -0.47 -0.40 0.70 -0.47 -0.64 -0.87 -1
3 10 -0.08 -0.87 0.67 -0.12 -1 -0.87 -0.72
3+ 5 0.39 -0.07 0.50 -0.55 -0.55 -0.65 -1
4+5 7 0.52 -0.17 -0.22 0.07 -1 -0.65 0.10
DISCUSSION has been established in salmonids smaller than 14.5¢cm

It is usually accepted that the salmonid diet changes
with age (ELLIOTT, 1967). Some authors have not detected
those differences in diet when trout are two years old or
older (i.e. VOLLESTAD & ANDERSEN, 1985). Our results
showed that, in fish older than two years, stomach con-
tents differed significantly between the different age
classes.

The changes in diet shown by our study cannot be
explained by the fact that, in salmonid, prey size is known
to change with body size [larger (and older) fish shift
their preferences towards larger prey (KEELEY & GRANT,
1997)]. The relationship between prey size and body size

(KEELEY & GRANT, 1997), which may simply have diffi-
culties ingesting large macroinvertebrates. In our study all
fish were longer than 13cm; moreover, they fed on prey
that were smaller than the size predicted by BANNON &
RINGLER’s (1986) and WANKOWSKY's (1979) foraging
model for salmonids. This was also noted by STEIN-
GRIMSSON & GIiSLASON (2002) for S. trutta in Iceland.
Nevertheless, the presence of limitations to ingestion of
large prey by smaller fish could explain, in our results, the
increase of plecopteran nymphs in the diet of older trout
(particularly Plecoptera of the genera Dinocras and Perla,
which can reach a length of 3-3.5cm), and the positive
values of the electivity index recorded for this prey in
trout older than three years.
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FocHETTI et al. (2003) stressed that trout show a posi-
tive selection towards trichopteran prey in the River Nera.
Our detailed analysis of gut contents in each age class,
even though based on the observation of reduced number
of specimens, showed that this is only true for fish
younger than four years. The choice of feeding mainly on
trichopteran prey was explained by FOCHETTI et al. (2003)
by the reduced mobility of brown trout in winter and by
its habit of concealing itself in macrophyte beds in that
season. In fact, the brown trout is a visual forager; it shifts
to prey on the more available, sedentary trichopteran spe-
cies in winter, when invertebrate drift is reduced. This
shifting in habitat preferences and foraging strategies
could be a more common habit in young brown trout than
in more experienced and stronger older ones. The same
explanation could account for the higher percentage of
terrestrial prey in older trout found in our study. The pref-
erence for terrestrial prey by older trout has previously
been reported for the same species by NEVEU & THIBAULT
(1977) in the Pyrenees and MONTORI et al. (2006) in the
Prepyrenees.
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ABSTRACT. Tephritis erdemlii n. sp., from Isparta province, Turkey, associated with Cirsium vulgare is described and illustrated.
The new species is similar in wing pattern to 7. cometa israelis Freidberg, and T. acanthiophilopsis Hering, differing in the details

of wing pattern and the conspicuously longer aculeus.
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INTRODUCTION

With about 170 species (NORRBOM et al., 1999; KoORr-
NEYEV & DIRLBEK, 2000), Tephritis Latreille is the sixth
largest genus of Tephritidae and third largest genus in the
Tephritinae. Although the genus is known from most
zoogeographic regions, the majority of the species (about
120) are Palaearctic. The most complete key to species is
HERING (1944), which is outdated. Modern keys to spe-
cies for several countries are available e.g., WHITE (1988)
for Great Britain; FREIDBERG & KUGLER (1989) for Israel
and nearby areas; MERz (1994) for North and Central
Europe; WANG (1996) for China, KUTUK (2003) for Tur-
key, but the coverage, especially for west Asia is partial.

Most species of Tephritis infest the flowerheads of
Asteraceae hosts, collectively belonging to several tribes,
with or without the induction of galls. A few species
induce the formation of galls in the upper or subterranean
parts of stems of Asteraceae (FREIDBERG, 1984).

In summer 1999, the author collected a series of adults
of an uncommon species of the genus Tephritis that
infested the flowerheads of Cirsium vulgare (SAVI.-
TEN.) in Turkey, and which is similar to 7. acanthiophi-
lopsis and T. cometa israelis. The new species is
described and figured below.

MATERIALS AND METHODS

Terminology and morphological interpretations used in
this paper follow WHITE et al. (1999). Type specimens are
deposited in the Department of Biology, Faculty of Sci-
ence & Art, Gaziantep University, Gaziantep, Turkey
(GUGT). The possible host plant of the new species was
identified by Prof. Semsettin Civelek (Department of
Biology, Firat University, Elazig, Turkey).

Tephritis erdemlii Kiitik n. sp.
(Figures 1-5)

Type Materials

Holotype: %, Turkey: Isparta, Yalvag, Sultan mountain,
38°16' N, 31° 25' E, 1520 m, 08.VIL.1999, on Cirsium

vulgare (SAVL.-TEN.) (leg. M. Kiitiik). Paratypes; 7 50,
11 %, same data as holotype, collected on Cirsium vul-
gare. Additional paratypes; 2 JJ, Isparta, Yalvag, 38° 15'
N, 31°22'E, 1570 m, 11.V1.1999, on C. vulgare; 2 53, 4
2%, Antalya, Akseki, Goktepe plateau, 37° 40' N, 32° 00'
E, 2100 m, 13.VII.1999, on Cirsium vulgare; 2 I3,
Isparta, Aksu, Cayir plateau, 37° 47' N, 31° 14' E, 1880
m, 14.VIL.1999, on C. vulgare; 2 33, 2 2%, Isparta,
Yenisarbademli, 37° 43' N, 31° 18 E, 1780 m,
27.V1.2000, on C. vulgare. The holotype is in excellent
condition, and deposited in the Department of Biology,
University of Gaziantep, Gaziantep, Turkey, together with
most paratypes.

Description

Head: Mostly yellow to brown; blackish on occiput
and ocellar tubercle; first flagellomere red to brown;
basal half of arista brown, apical half black; pedicel 0.4-
0.5 times as long as first flagellomere and with black
setulae; palpus mostly red, brownish at apex; fronto-
facial angle about 135°; genital seta distinct and whitish.

Thorax: Ground colour predominantly black; microt-
richia dark gray, more silvery on scutum; most setae dark
brown and acuminate; posterior notopleural seta yellow-
ish and lanceolate; setulae whitish, 13-16 pairs present on
margin of scutellum; basal scutellar seta 2 times as long
as apical scutellar seta; halter yellow.

Legs: Setulae mostly yellowish, some black; tarsi dark
red to brown.

Wing: Venation typical for genus. Vein R, . ventrally
with 5-8 (usually 6) setulae, on basal section 0-5, (usually
4). Pattern: Basal half mostly hyaline, apical half brown
stellate; wide hyaline costal indentation present distal to
pterostigma (including apex of pterostigma), ending
slightly distal to crossvein R-M and extending to vein
R,.s; cell r; with two additional hyaline areas (3 total)
extending to vein R, ; (Fig. 2) including one near apex of
vein R, +; ultimate section of vein M 3.6 times as long as
penultimate section.
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N

0.5 mm

1 mm

0.2 mm

0.2 mm

€Q

Figs 1-5. — Tephritis erdemlii n. sp; 1- aculeus, 2- wing, 3- glans (dorsolateral view), 4- epandrium and proctiger (lateral

view), 5- epandrium and surstyli (posterior view).

Female abdomen: Ground colour black; microtrichia
dark gray; setulae whitish oviscape dark brown to black,
0.6 times as long as preabdomen; aculeus pointed (Fig.
1), with three pairs of hairs at apex.

Male abdomen: Epandrium (Figs 4; 5) yellow to
brown; proctiger pale yellow with brown setulae (Fig. 5);
glans sclerotized brownish and pointed at margin near
base (Fig. 3).

Measurements (length in mm): Female body 5.8-7.7,
wing 4.2-5.4; Male: body 4.7-5.4; wing 4.0-4.8.

Comparative notes

The new species is similar to Tephritis. acanthiphilop-
sis Hering from Turkey, and to T. cometa israelis (Loew),
known from Greece, Syria and Israel, sharing with them
similar wing patterns (basal half mostly hyaline, apical
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half brown stellate, wide hyaline costal indentation
present beyond pterostigma, including apex of pter-
ostigma).

T. acanthiophilopsis has a similar wing pattern but the
hyaline areas are more restricted, including the large hya-
line costal indentation, which often does not extend to
vein R, and is often divided into anterior and posterior,
rounded spots, the two other hyaline spots usually not
extending to vein R, ;; oviscape 0.4 times as long as pre-
abdomen, length of female specimens less than 5.4 mm.
T. cometa israelis has similar wing pattern but only one
hyaline spot extending to vein R, ;, two other hyaline
areas not extending to vein R,_, in cell r|, oviscape 0.3
times as long as preabdomen, length of female specimens
less than 4.5 mm. The new species differs from both spe-
cies by the hyaline spots of the wing (three hyaline spots
extending to or crossing vein R, in cell r|), oviscape 0.6
times as long as preabdomen, length of female specimens
more than 5.8 (5.8-7.7) mm.

T. seperata is similar to the new species in having three
hyaline spots extending to vein R, in the cell r; but has
three round hyaline spots present anterior of vein R-M in
cell br (only one round hyaline spot present anterior of
vein R-M in T. erdemlii.

All compared species are apparently associated with
different host plants: 7. cometa israelis - with Cirsium
gaillardotii (FREIDBERG & KUGLER, 1989), T. acanthi-
ophilopsis - with unknown host (HENDEL, 1927) Replace
by: Cirsium tuberosum (A. Freidberg, pers. comm.). T.
erdemlii n. sp. is believed to feed in the flower heads of
Cirsium vulgare (Asteraceae).

Etymology

This species is named after Prof. Umit Erdemli, a
friend and excellent hydrobiologist, who has contributed
much to the study of Pisces and Crustaceae in Turkey.
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ABSTRACT. Development of the palearctic predatory heteropteran Picromerus bidens was assessed at constant temperatures (15,
18, 20, 23, 27, 32 and 35+1°C) using larvae of the cotton leafworm Spodoptera littoralis as prey. All experiments were done at a
12:12 (L:D) h photoperiod and 65+5 % relative humidity. The predator developed to maturity between 18 and 32°C, but eggs failed
to hatch at 15 and 35°C. Duration of development of the different immature stages of P. bidens decreased with increasing tempera-
ture from 18 to 32°C. The total development time for P. bidens ranged from 24.8 days at 32°C to 85 days at 18°C. The estimated
lower thresholds for development varied between life stages and ranged from 8 to 16°C. The thermal requirements for development
of the egg stage, completion of the nymphal period and total development of P. bidens were estimated to be 208, 270 and 500
degree-days with lower thresholds of 10.5, 13.8 and 12.2°C, respectively. Upper threshold temperature for development of eggs
and nymphal stages was estimated to be between 32 and 35°C. Egg hatch percentage, nymphal survival and sex ratio were deter-
mined at each temperature. The data reported here should be helpful in predicting development of P. bidens populations in the field

and offer valuable basic information for the use of this native predator in biological control programs.

KEY WORDS : Picromerus bidens, Pentatomidae, predator, temperature thresholds, thermal requirements

INTRODUCTION

Picromerus bidens (Linnaeus) is a predatory pentato-
mid, which is widely distributed in the western Palearctic
region. In the Nearctic region this species has been
recorded from more than 180 locations in North America
since its introduction some time before 1932 (LARIVIERE
& LAROCHELLE, 1989). This pentatomid is associated with
a wide range of habitats including wet and dry areas such
as bushes, fields and forests, where it prefers shrubby
areas rich in woody plants (trees or bushes), but it is also
found on herbaceous plants (SCHUMACHER, 1911; MAYNE
& BRENY, 1948; SOUTHWOOD & LESTON, 1959). P. bidens
is a polyphagous predator that preys on larvae of many
Lepidoptera, Coleoptera and leaf-eating Hymenoptera,
and more rarely on pupaec and adults of soft-bodied
insects (JAVAHERY, 1986; LARIVIERE & LAROCHELLE,
1989). Several authors have emphasized the potential of
P. bidens for reducing populations of insect pests in a
variety of ecosystems (see DE CLERCQ, 2000).

P. bidens may be a possible alternative for the exotic
species Podisus maculiventris, (Say) which is indigenous
throughout North America. There have been multiple
introductions of this species in Europe since the 1930s for
classical biological control of the Colorado potato beetle,
Leptinotarsa decemlineata (Say) but the predator has
never succeeded in establishing. From the late 1990s up
to recently, P maculiventris was commercially available
in Europe for augmentative biological control of caterpil-
lar pests in greenhouse crops. However, commercializa-
tion of this exotic polyphagous predator was discontinued
as a result of growing environmental concerns (VAN LEN-
TEREN et al., 2003). Considerable knowledge exists on the

seasonal cycle of Picromerus bidens (MAYNE & BRENY,
1948; JAVAHERY, 1986; MUSOLIN, 1996; MUSOLIN &
SAuLICcH, 2000) but information regarding the effect of
climate on the bio-ecology of this species is still scarce.
Understanding the relationship between temperature and
development of arthropod predators is essential for accu-
rately predicting natural enemy interactions with pests
(ROSEN & HUFFAKER, 1983; OBRYCKI & KRING, 1998;
NECHOLS et al., 1999). Although temperature is only one
of the ecological factors in predator-prey dynamics, it is a
primary factor affecting the ability of a predator to regu-
late pest populations. The objective of the current study
was to determine the temperature-dependent development
of the different immature stages of P. bidens at constant
temperatures.

MATERIALS AND METHODS

A culture of P. bidens was started with eggs originating
from a laboratory colony at the Department of Entomol-
ogy and Biological Control, All-Russian Research Insti-
tute for Plant Quarantine, Moscow, Russia. The colony of
P. bidens used in this study was maintained at 23+1°C,
65+5% relative humidity (RH), and a 12:12 (L:D)h pho-
toperiod. The food of the stock colony of the predator
consisted mainly of larvae of the cotton leafworm Spo-
doptera littoralis (Boisduval) reared on an artificial diet
modified from Portout & BUES (1970).

Eggs of P. bidens undergo obligatory diapause and
need to be stored at low temperatures (2-3°C) for at least
one month to initiate embryonic development. Egg
masses that underwent such cold treatment were used in
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the experiments on development. Development of P.
bidens was monitored under the following constant tem-
peratures: 15, 18, 20, 23, 27, 32 and 35+1°C. All experi-
ments were done at a 12:12 (L:D) h photoperiod and
65+5% RH. At each temperature, development of the egg
stage was monitored using 100 eggs and development of
nymphs was followed starting with 40 first instars. Egg
batches were taken from cold storage, transferred to plas-
tic Petri dishes (9cm diameter) and placed in incubators at
each of the test temperatures. Development of incubated
eggs was monitored daily and hatching recorded. Newly
emerged nymphs (less than 12h old) of P. bidens were
transferred to individual Petri dishes (9cm diameter) lined
with absorbent paper. A moist paper plug fitted into a
small plastic cup provided water. Nymphs were offered
prey from the second instar onwards because, as in other
asopines, first instars of P. bidens do not feed and only
take up water (DE CLERCQ, 2000). Upon reaching the sec-
ond instar, the predator was fed daily with an excess of

fifth instars of the cotton leafworm S§. littoralis. Nymph
development and survival of P. bidens were monitored on
a daily basis. Sex was determined when the individuals
reached the adult stage.

Development rate of each immature stage of P. bidens
was calculated using the reciprocal of the average devel-
opment duration (i.e., 1/d). The relationship between
development rate and temperature was described by a lin-
ear regression model (ARNOLD, 1959) fit to the linear sec-
tion of the data points. Temperature points above and
below the linear portion of the development rate curve
were not used to estimate thermal requirements (in
degree-days or DD) or lower threshold temperatures. The
lower temperature thresholds for each of the immature
stages of P. bidens were determined as the x-intercept (t=-
a/b) (ARNOLD, 1959) and the degree-day requirements (K)
were determined as the inverse of the slope (k=1/b) of the
regression lines (CAMPBELL et al., 1974).

TABLE 1
Duration (days) of the immature stages of P. bidens at five constant temperatures
Temperature
Stage
18°C 20°C 23°C 27°C 32°C
Egg 32.62+0.48 22.70+0.30 14.44+0.34 12.78+0.15 10.14+0.10
First instar 8.35+0.20 5.56+0.07 4.61+0.08 3.43+0.09 2.00=0.00
Second instar 9.15+0.22 7.54+0.12 6.07+0.19 4.56+0.16 3.20+0.07
Third instar 8.52+0.27 7.50+0.23 6.02+0.28 4.56+0.16 2.82+0.09
Fourth instar 9.46+0.29 8.23+0.25 6.45+0.16 3.79+0.10 2.82+0.10
Fifth instar 13.13+£0.24 11.23+0.12 9.84+0.14 6.30+0.28 4.18+0.08
Total nymph period 47.60+1.08 39.80+0.46 32.40+0.42 19.26+0.34 14.80+0.21
Total development 85.00+1.39 62.43+0.59 47.32+0.50 35.77+0.46 24.75+0.27
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Fig. 1. — The relationship between temperature and development rate for total
development (egg-adult) of P. bidens at constant temperatures. The line repre-
sents the linear regression of the data between 18 and 32°C.
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RESULTS

Picromerus bidens developed to adulthood between 18
and 32°C, but eggs failed to hatch at 15 and 35°C, dying
without any observed evidence of embryonic develop-
ment. Therefore, the temperatures tested encompassed the
range of constant temperatures allowing complete devel-
opment of the predator. The total time for development of
P. bidens ranged from 24.8 days at 32°C to 85 days at
18°C. Linear regression equations of development rate of
each life stage versus temperature are given in Table 1.
Fig. 1 shows the relationship between temperature and
development rate for the total development (egg-adult) of
P. bidens. High coefficients of determination (r>>0.97,
P<0.001) indicated a good linear model fit in all cases.
The lower development threshold values and degree-day
requirements for each life stage of P. bidens are presented
in Table 2. The estimated lower thresholds for develop-
ment varied between life stages and ranged from 8 to

16°C. The thermal requirement for development of the
egg stage after cold storage was 208DD with a lower
threshold of 10.5°C. The thermal requirement for comple-
tion of the nymphal period was 270DD with a lower
threshold of 13.8°C. Total development of P. bidens
required 500DD with a lower threshold of 12.2°C. Rapid
decline of development rate between 32 and 35°C sug-
gests that the upper threshold temperature for develop-
ment (i.e. the temperature above which the rate of devel-
opment starts decreasing) of eggs and nymphal stages
was within this temperature range.

Egg hatch ranged from 65 to 86% at temperatures
between 18 and 23°C and averaged 84 and 69% at 27 and
32°C, respectively (Table 3). Survival of nymphs
increased from 28 to 69% with increasing temperature
from 18 to 23°C, and subsequently decreased to 59% as
temperature further increased up to 32°C (Table 3). Sex
ratios of P. bidens adults ranged from 1 male: 0.6 female
to 1 male: 1.7 female at the tested temperatures.

TABLE 2

Lower development thresholds (t), degree-day requirements (K) and linear regression equations and
coefficients of determination for development of the immature stages of P. bidens at different constant

temperatures
Stage t (°C) K (DD) Regression equation r’ P
Egg 10.48 208.33 Y=-0.0503+0.0048X 0.97 <0.001
First instar 10.94 54.94 Y=-0.1991+0.0182X 0.98 <0.001
Second instar 9.12 81.96 Y=-0.1113+0.0122X 0.99 <0.001
Third instar 8.21 86.95 Y=-0.0945+0.0115X 0.99 <0.001
Fourth instar 14.48 49.26 Y=-0.2941+0.0203X 0.98 <0.001
Fifth instar 16.50 64.93 Y=-0.2541+0.0154X 0.99 <0.001
Total nymph period 13.76 270.27 Y=-0.0509+0.0037X 0.98 <0.001
Total development 12.25 500.00 ¥Y=-0.0245+0.002X 0.99 <0.001
TABLE 3
Egg hatch, nymph survival, and sex ratio of adults of P. bidens at five constant temperatures
Temperature (°C) Egg hatch (%) Nymph survival (%) Sex ratio (male: female)

18 65 28 1:0.6

20 71 48 1:0.9

23 86 69 1:1.7

27 84 60 1:1.0

32 69 59 1:0.9

DISCUSSION noted that different photoperiods had no effect on nymph

MAYNE & BRENY (1948) reported that the second, third
and fourth nymphal stadia of P. bidens are of equal
length, about 12 to 14 days each, whereas the fifth sta-
dium takes somewhat longer and total nymph time is
about two months under summer field conditions in Bel-
gium. These authors also noted that 30 to 35 days are
required for development of P. bidens on larvae of Ephes-
tia kuehniella Zeller, 1879, at a constant temperature of
25-26°C. JAVAHERY (1986) reported that development
duration of the nymphal stage of the insect in Québec was
44 days in field cages, and development of the first, sec-
ond, third, fourth and fifth instars took on average 8, 8, 9,
9 and 10 days, respectively. MUSOLIN & SAULICH (2000)

development of P. bidens at 24.5°C. Nymph development
took 25 to 26 days at different photoperiods except for
nymphs reared at a 20:4 (L:D) h photoperiod, which took
28 days to develop (MUSOLIN & SAULICH, 2000). These
authors showed that nymph duration of this predator aver-
aged 36 days under field conditions in the Belgorod
region of Russia. The development durations found in the
current study are comparable with those previously
reported by above-mentioned authors.

We know of no other studies in which temperature
thresholds and thermal requirements for development of
P. bidens have been estimated. MAHDIAN et al. (2006)
indicated that predation behaviour of P. bidens was
affected by temperature; all nymphal stadia of P. bidens



138  Kamran Mahdian, Luc Tirry & Patrick De Clercq

from the second instar onward were able to prey success-
fully upon fourth-instar S. littoralis at temperatures
between 18 and 27°C. Mean daily prey consumption by
male and female adults of P. bidens increased with
increasing temperature. Further, these authors showed
that the type of functional response (i.e. the relationship
between rate of prey consumption and prey density) of P.
bidens switched from type II to type III as temperature
increased from 18 to 27°C.

Several linear and nonlinear models have been pro-
posed to describe the relationship between temperature
and arthropod development (CAMPBELL et al., 1974;
WAGNER et al., 1984; LACTIN et al., 1995; BRIERE et al.,
1999). The linear equation has been documented as a suit-
able model for calculation of lower development thresh-
olds and thermal constants in a partial temperature range
(e.g., CAMPBELL et al., 1974; HONEK, 1999; JAROSIK et al.,
2002; KONTODIMAS et al., 2004). The variability of the
estimated thermal thresholds for the successive develop-
mental stages of P. bidens suggests, however, that the lin-
ear degree-day model may not always yield accurate esti-
mates. For instance, the linear model estimated the lower
thermal threshold for egg development of P. bidens to be
10.5°C, whereas our observations showed that eggs did
not develop successfully at a constant temperature of
15°C. Further, estimates of lower development thresholds
of fourth and fifth instars were considerably higher than
those of the earlier instars. Other models, including non-
linear regression, may enable a more accurate description
of the relationship between development of immature
stages of P. bidens and temperature (for a review, see
KoONTODIMAS et al., 2004); however, non-linear models do
not enable the calculation of thermal constants. Also
given its ease of use, the linear degree-day model has
therefore been widely used as a phenological model
(KoNTODIMAS et al., 2004).

The results of the current study on P. bidens, together
with reported high predation capacities of this predator
against noctuid caterpillars within a wide range of tem-
peratures, indicate that P. bidens may perform well when
released as a biological control agent of defoliator pests
both in open fields and heated glasshouses. Whereas tem-
perature is one factor that is important for the establish-
ment of the predator's population in the crop and that will
determine its foraging and predation capacity, there are
considerable environmental complexities that may affect
the predator-prey system and will eventually determine
the outcome of a biological control programme. Never-
theless, the current data will be useful in the selection of
the most effective life stage of the predator that is best
adapted to conditions favouring the target pest in a given
crop situation.
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ABSTRACT. RH-0345 (halofenozide), a bisacylhydrazine derivative, is a nonsteroidal ecdysteroid agonist that mimics the action
of the moulting hormones, while KK-42, an imidazole compound, is a potent inhibitor of ecdysteroid biosynthesis. Previous results
suggested that the observed reduction of ecdysteroid titre, leading to a reduction of reproductive capacity in the mealworm 7Tene-
brio molitor, is due to the direct and rapid action of KK-42 on ecdysteroid biosynthesis. Moreover, RH-0345 was found to increase
ecdysteroid production and partially reverse the effects on reproductive events induced by KK-42. Therefore, the present study
evaluates the effects of these two insect growth regulators (IGRs) on egg ecdysteroids in mealworms. The IGRs were applied topi-
cally (10pg/insect) on newly-emerged adult females. A qualitative and quantitative analysis of ecdysteroids from pooled freshly
laid eggs was made by an enzyme-immunoassay (EIA) using two specific antibodies, the rat monoclonal EC 19 antibody to meas-
ure for 20-hydroxyecdysone (20E) and the rabbit polyclonal B antibody for ecdysteroids. EIA measurements confirmed the pres-
ence of free ecdysteroid and 20E in control and treated series. In addition, the conjugated ecdysteroids were predominant in eggs of
untreated mealworms. RH-0345 increased the amounts of 20E relative to the free ecdysteroids. In contrast, KK-42 reduced the
amounts of total ecdysteroids, but had no significant effect on the relative hormonal composition of free and conjugated ecdyster-

oids.

KEY WORDS : Insects, Eggs, Ecdysteroids, Insect growth regulators, RH-0345, Halofenozide, KK-42.

INTRODUCTION

Agrochemical research has resulted in the discovery of
novel insecticides that act on selective biochemical sites
present in specific insect groups. Good examples are the
insect growth regulators (IGRs) such as benzoylphenylu-
rea, which inhibit chitin formation in insects, or other
chemicals such as juvenile hormone analogues (JHA) and
ecdysteroid agonists, which affect the hormonal regula-
tion of moulting and development processes (ISHAAYA
1990; DHADIALLA et al., 1998; 2005; PALLI & RETNAKA-
RAN 2001). The ecdysteroid agonist RH-0345 (halofenoz-
ide) represents a new class of IGRs, which has been
developed to provide safe insecticides with high activity
in Coleoptera (DHADIALLA et al., 1998; 2005 ; NAKAGAWA
et al., 2001). Similar to the prototype RH-5849 and other
ecdysteroid agonists like RH-5992 (tebufenozide) and
RH-2485 (methoxyfenozide), this molecule caused in
insects a premature and incomplete lethal moult (WING,
1988; WING et al, 1988; SMAGGHE & DEGHEELE,
1994a,b; CARLSON et al., 2001). Various studies revealed
that the prototype ecdysteroid agonist RH-5849 presented
high activity in species of Lepidoptera and Coleoptera,
but later became superseded by RH-5992, RH-2485 and
RH-0345, which have enhanced activity against lepidop-
teran and coleopteran pest insects. The ecdysteroid ago-
nist compounds exert their toxicity by binding to the
nuclear ecdysteroid receptor EcR as does the natural
insect moulting hormone, 20-hydroxyecdysone (20E)
(DHADIALLA et al., 1998; 2005; RIDDIFORD et al., 2000).

KK-42 is an imidazole compound considered as an inhib-
itor of ecdysteroid biosynthesis. KK-42 reduces the
ecdysteroid production by ovaries and interferes with
reproductive processes in adult females of the mealworm
Tenebrio molitor (KUwANO et al., 1983; 1985; AMRANI et
al., 2004). However, the mode of action of these com-
pounds on reproductive events in insects is not so well
understood so far.

Data accumulated on the normal development of ova-
ries and their regulation provide an experimental basis for
investigating IGRs that interfere in the insect’s endocrine
system, especially for ecdysteroids (SOLTANI-MAZOUNI et
al., 1999). As reviewed by HAGEDORN (1985) and LAFONT
et al. (2005), in the female adult ecdysteroids are synthe-
sized by the follicle cells in the ovaries and play a major
role in ovarian development, vitellogenesis and oocyte/
egg maturation. Then the ovarian ecdysteroids, in both
free and conjugated forms, are almost entirely taken up by
and stored/concentrated in the maturing eggs and may
serve as hormonal substrate for embryonic moults during
embryogenesis. Many experiments confirm the presence
of the free and conjugated forms of ecdysteroids in ova-
ries of Schistocera gregaria (REES & IsAAc, 1984),
Locusta migratoria (LAGUEUX et al., 1984) and Manduca
sexta (THOMPSON et al., 1987). It is here an attractive
hypothesis that the maternal ecdysteroids are the source
of hormone for the embryo during embryogenesis.

To date, few authors have examined the physiological
reasons for sublethal effects of IGRs on suppression of
the next generation. KosTyukovsky et al. (2000)
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observed that RH-5849 could achieve almost complete
control of F, adults of Tribolium castaneum and Rhyzop-
ertha dominica when given to the F generation at 10
ppm. MEDINA et al. (2002) reported that females of
Chrysoperla carnea lacewings treated with three repre-
sentative IGRs (the chitin synthesis inhibitor difluben-
zuron, the JHA pyriproxyfen and the ecdysteroid agonist
RH-5992), accumulated these compounds into the ovaries
and eggs, but to a different extent, and although the
amount of diflubenzuron was low (74-197pg/egg), it was
sufficient to cause egg mortality. Also after treatment
with RH-5992 in eggs there existed a reduction of viabil-
ity (MEDINA et al., 2001). Recently it has been reported
that RH-0345 interferes with the reproduction events of 7.
molitor (TAIBI et al., 2003), and that ovarian follicle cells
are sites of biosynthesis of ecdysteroids and protein for
egg shell formation (SOLTANI-MAZOUNI & SOLTANI,
1995; SOLTANI-MAZOUNI et al., 1999). In another assay, it
was shown that RH-5992 and RH-2485 were able to
decrease the mean fecundity and/or fertility of important
pest species from several different insect orders (SMAG-
GHE & DEGHEELE, 1994a,b; SUN & BARRETT, 1999). RH-
0345 was the most potent stimulator of the release of hor-
mone into the culture medium by pupal integument
explants and by ovaries of T. molitor (SOLTANI et al.,
1998; 2002). In addition, RH-0345 was able to modify
the composition of ecdysteroid amounts in mealworms
(TaiBI et al., 2003). Recently, we reported that RH-0345 is
able to partly reverse the depressive effects on reproduc-
tive events induced by KK-42 in T. molitor (AMRANI et
al., 2004).

In this research we used the mealworm 7. molitor,
which is of worldwide importance in stored food prod-
ucts, as a model target beetle. Experiments were under-
taken to evaluate the activity of RH-0345 and KK-42 on
reproductive events. The compounds were applied topi-
cally to adults of T molitor and their effects on ecdyster-
oid amounts in eggs/embryos were examined.

MATERIALS AND METHODS

Experimental animals

T. molitor pupae from a stock colony were sexed and
kept separately until emergence. Adults were collected 0-
4h following emergence and reared on wheat flour at
27°C and 80% relative humidity in almost continuous
darkness (SOLTANI-MAZOUNI et al., 1999).

Chemicals and treatments

RH-0345 was kindly supplied by Rohm and Haas
Research Laboratories (Spring House, PA, USA). KK-42
was kindly provided by Dr. E. Kuwano (Kyushu Univer-
sity, Japan). The compounds were dissolved in acetone
(3ulinsect) and administrated topically at 10pg/female
on the ventral side of abdomen of newly emerged adult
females.

Extraction and enzyme immunoassay
of ecdysteroids

EIA measurements have previously been described by
TaiBI et al. (2003). In brief, freshly-laid eggs were col-
lected in control and treated series. Pooled samples, con-
taining the first 30 freshly laid eggs, were submitted to
extraction of free ecdysteroids on the one hand and total
ecdysteroid on the other with methanol (100%) by soni-
cation and centrifugation (5,000g, 10min). The superna-
tants containing free and total ecdysteroids were taken
and evaporated separately. For determination of the total
ecdysteroid amounts (free+conjugated), the samples were
further submitted to an enzymatic hydrolysis with porcine
liver esterase (EC3.1.1.1., 100,000 units, Sigma Co., St.
Louis, IL, USA) (DE REeGaGI et al., 1992; TaiBI et al.,
2003). Subsequently the extracts were re-extracted using
methanolic precipitation of enzymes. Then each individ-
ual sample of free and total ecdysteroids was analyzed in
duplicate by an EIA using a conjugate of 20E coupled to
peroxidase as enzymatic tracer and tetramethyl benzidine
as a colour reagent. Quantitative and qualitative analysis
of egg ecdysteroids was made by two specific antibodies
kindly supplied by Dr. J.-P. Delbecque (University of
Bordeaux, France): a rat monoclonal EC 19 antibody to
measure 20E amounts, and a rabbit polyclonal B antibody
to determine ecdysteroid amounts (DE REGGI et al., 1992).
The conjugated amounts of ecdysteroids were deduced by
subtracting the amounts of free ecdysteroids from that of
total ecdysteroids, both determined with the polyclonal
antibody. Data are expressed as pg ecdysteroid equiva-
lents per egg in freshly laid eggs of T molitor females.

Statistical analysis

Results are presented as means = sd based on four rep-
licates of 30 eggs each. Data were subjected to ANOVA
and a post hoc LSD test was used to separate means. Sta-
tistical analyses were performed using MINITAB 12.21
software (PA Stat College, USA). The significance level
was * p<0.05, ** p<0.01.

RESULTS

The quantitative and qualitative analysis of ecdyster-
oids in freshly laid eggs, before and after hydrolysis, has
been tested by an EIA. The results confirmed the presence
of free ecdysteroids with the polyclonal antibody and also
of 20E with the monoclonal antibody in all extracts from
control and treated series (Fig. 1). In addition, in eggs of
untreated mealworms the presence of conjugated ecdys-
teroids was predominant (Fig. 2). After topical treatment
with RH-0345 and KK-42 respectively (10pg/insect),
ecdysteroid measurement on extracts of freshly laid eggs
showed that RH-0345 increased significantly (p<0.03) the
amounts of 20E as compared to control series. In contrast,
KK-42 caused a significant reduction in ecdysteroid
amounts in eggs (p<0.01) (Fig. 1).

It can be noted that RH-0345 increased significantly
(p=0.005) the free ecdysteroids and decreased signifi-
cantly (p=0.023) the conjugated ecdysteroids. However,
this ecdysteroid agonist had no significant effect on total
ecdysteroids in eggs. KK-42 reduced significantly
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(p<0.01) both total and conjugated ecdysteroids but not conjugated ecdysteroids (p<0.05). In contrast, KK-42 had
the free ecdysteroid form (Table 1). RH-0345 increased no effect on free ecdysteroid proportions in relation to
significantly the relative importance of free ecdysteroids conjugated ecdysteroids (Fig. 2).
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Fig. 1. — Amounts of ecdysteroids detected by polyclonal antibody, and 20-hydroxyecdysone (20E) detected by monoclonal
antibody (both in pg/egg), in eggs freshly deposited by females of Tenebrio molitor after topical treatment with RH-0345
and KK-42 (10pg/insect). Data are expressed as means =+ sd based on four replicates of 30 eggs each. Within the same group,
significant differences are indicated by asterisks, * p<0.05, ** p<0.01.
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replicates of 30 eggs each. Within the same group, significant differences are indicated by asterisks, * p<0.05.

TABLE 1

In vivo effect of RH-0345 and KK-42, when topically applied at 10pug per female adult,
on the amounts of free, conjugated and total ecdysteroids (pg/egg) in eggs freshly laid
by T. molitor females. Data are expressed as means + sd based on four replicates of 30
eggs each. Within the same column, values followed by the same letter are not signifi-
cantly different at the significance level of p<0.05

Treatments Free Conjugated Total
Control 1.15+0.13 a 1.93+0.05 ¢ 3.08+0.10 b
RH-0345 2.53+0.84 b 0.72+0.20 a 3.25£0.44 b
KK-42 1.01+0.14 a 1.09+0.13 b 2.10+0.08 a
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DISCUSSION

In continuation of our research, the experiments
reported here studied in more detail the ovicidal effects of
two novel IGRs, the ecdysteroid agonist RH-0345 with a
dibenzoylhydrazine structure and the anti-ecdysteroid
KK-42 with an imidazole structure. In previous assays
RH-0345 and KK-42 were applied at 10pg on female
adults; these small amounts did not kill the adults but did
cause a reduction in egg viability of about 15% (TAIBI et
al., 2003). We focus here on the significance that the two
IGRs may interfere in the ecdysteroid amounts in eggs
causing egg mortality through the female adult. In addi-
tion, we distinguished between free and conjugated
ecdysteroid amounts. From the EIA measurements, we
can demonstrate here for the first time that RH-0345
increased the amounts of free ecdysteroids in eggs and
decreased that of the conjugated ecdysteroids. But on
total ecdysteroid synthesis and accumulation in eggs it
had no effect. In contrast, the imidazole compound KK-
42 reduced the ecdysteroid amounts in the eggs of T
molitor. As reviewed in HAGEDORN (1985) and LAFONT et
al. (2005), it is a well-known phenomenon that increases
in free ecdysteroids in the eggs result from the release of
free hormones from stored maternal ecdysteroids. In
adults, free 20E, together with JH, plays an important role
in oocyte development, maturation, vitellogenesis and
accessory gland development. The concentration of free
insect hormones can be modified through interference
with the hormone biosynthesis, processing and degrada-
tion. As reviewed by LAFONT et al. (2005), free and conju-
gated forms of ecdysteroids are confirmed in the ovaries
of many insects, and it is likely that these maternal ecdys-
teroids are the source of hormone for the embryo during
embryogenesis. Indeed the embryonic ecdysial gland
seems not to be necessary for the increase in free ecdys-
teroid titre or for the accompanying cycles of cuticulo-
genesis. So any interference in the ecdysteroid hormone
response using an ecdysteroid agonist or antagonist
would result in abnormal oocyte growth, egg formation
and embryogenesis leading to loss of the progeny
(SoLtant et al., 1998; DHADIALLA et al., 1998; 2005).
Indeed in previous studies ecdysteroid agonists caused a
decline in fecundity and fertility in different insect orders
such as Lepidoptera, Diptera, Coleoptera and Orthoptera
(WING & RaAMSAY, 1989; SMAGGHE & DEGHEELE, 1992;
1994a,b; DHADIALLA et al., 1998; 2005; SWEVERS et al.,
1999; SuN et al., 2003; TaiBI et al., 2003). Also Law-
RENCE (1992) found a reduction of protein synthesis and/
or incorporation into eggs due to RH-5849 application on
Anastrepha suspense adults. RH-5992 also caused mor-
tality and the treated females of Plodia interpunctella
showed smaller ovaries with fewer eggs (SALEM et al.,
1997). FArRINOS et al. (1999) confirmed the negative
effects of RH-0345 on yolk protein accumulation and egg
formation in beetle adults (Leptinotarsa decemlineata).
The latter study also revealed the presence of RH-0345 in
the eggs and a reduction in fecundity and/or decrease in
progeny survival.

On the mechanisms that may underlie ecdysteroido-
genesis and the changes in ecdysteroid amounts, existing
data indicate that different factors, hormones and pep-

tides, may influence ecdysteroid biosynthesis (SMAGGHE
et al., 1995; GADE et al.,, 1997; GADE & HOFFMANN,
2005; LAFONT et al., 2005). Also ecdysteroids themselves
play a role in their own biosynthesis via feedback regula-
tion of the PTTH axis in the insect brain, and also via
direct action on the ecdysteroid-producing prothoracic
glands in the larval stages or the endocrine organs (ova-
ries, testis) in adults. E and 20E have been reported to
stimulate PTTH synthesis and secretion. So for an ecdys-
teroid agonist compound like RH-0345 we may expect
stimulation of free ecdysteroid amounts after treatment.
Indeed, SOLTANI-MAZOUNI et al. (2004) reported that the
ecdysteroid agonists RH-0345, RH-5849 and RH-5992
increased the ovarian ecdysteroid amounts in adult
females after in vivo treatment. Also in pupae of T
molitor, it was evident that RH-0345 could increase the
ecdysteroid titre under in vivo conditions and with the use
of integument in vitro cultures (SOLTANI et al., 2002;
TaiBI et al., 2003). However, as the positive feedback of
ecdysteroids happens through an as yet unknown path-
way, it also remains a mystery how exactly an ecdysteroid
agonist like RH-0345 may have provoked the increase in
20E and free ecdysteroid amounts.

A crucial question that also arises from these studies is
why and how the profiles of ecdysteroid titres, free and
conjugated, are punctuated with high peaks and deep
troughs at specific times during development. Many
experiments confirm the presence of the free and conju-
gated forms of ecdysteroids in ovaries, and it is proposed
that these maternal polar conjugated compounds repre-
sent storage forms of the hormone, and hydrolysis of
these in the developing egg would result in the embryo
being exposed to free active hormone (HAGEDORN, 1985;
LAFONT et al., 2005). However the mechanisms behind
these hormone dynamics are not yet clear, and so the rela-
tive reduction of conjugated ecdysteroids due to treatment
RH-0345 also cannot yet be explained.

The imidazole compound KK-42 has also been found
to reduce the hormonal production in hormone biosynthe-
sis sources from female adult crickets (LORENZ et al.,
1995). Interestingly, SOLTANI et al. (1997) also reported a
few years later that KK-42 disturbed the growth and the
development of oocytes, and in parallel this IGR was
found to reduce the amounts of ecdysteroids released into
the culture medium by ovaries. The inhibitory action of
KK-42 on ecdysteroid production was also observed in
prothoracic glands and ovaries under in vivo and in vitro
conditions with the silkmoth Bombyx mori (KUWANO et
al., 1985). To date several authors have proposed some
hypotheses on the mode of action of KK-42. It has been
reported to act as an anti- JH, in lowering ecdysteroid lev-
els and/or to induce precocious metamorphosis or dia-
pause termination. The anti-JH activity is more likely
interference with the JH synthesis rather than destruction
of corpora allata tissue (KuwANO et al., 1983). Herewith,
Hiral et al. (2002) recently reported that the precocious
metamorphosis induction by KK-42 correlated with an
enhanced expression of BmJH esterase in the fat body,
suggesting that KK-42 enhances BmJHE gene expression
in the fat body inducing hemolymph JH esterase activity.
In addition, to explain the mode of action of KK-42 in
ecdysteroidogenesis, SHIOTSUKI & Kuwano (2004)
designed an affinity chromatography column system to
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detect proteins with high affinity from insect tissues.
Although they detected a single receptor protein in the
prothoracic glands, the exact underlying mechanism
remains unknown. Here, we believe that further research
with the availability of the recently characterized and
identified Halloween genes, encoding the ecdysteroid-
producing cytochrome P450 enzymes, and microarray
technologies (WILLIAMS et al., 2002 ; LAFONT et al., 2005)
will provide opportunities to unravel the mechanisms of
imidazoles in the hierarchy of ecdysteroid biosynthesis.

In conclusion, the results obtained in this study are the
first demonstrating that RH-0345 increased the amounts
of both free ecdysteroids and 20E in eggs. In contrast KK-
42 reduced the amounts of total and conjugated ecdyster-
oids. These reported hormonal disturbances in eggs of
mealworms help to explain the reduction in egg viability
that we scored in previous experiments using RH-0345
and KK-42 on female adults (TAiBI et al., 2003). How-
ever, further research, for instance on the function and
dynamics of free and conjugated ecdysteroids in the
embryo, is required to better understand the mechanism
underlying the ovicidal toxicity of such novel IGRs.
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ABSTRACT. The lizard Podarcis atrata, endemic to the Columbretes archipelago (Mediterranean, Spain) occupies very small
islands characterized by extreme aridity and a reduced availability of potential insect prey. The results of an experimental study
have shown that adult lizards offered individuals of Ligia italica and Armadillo officinalis (marine and terrestrial isopods, respec-
tively) consumed at high frequencies; with males consuming them at significantly higher frequencies than females. The results are

discussed in light of the importance of the inclusion of marine prey into the diet in arid insular ecosystems.

KEY WORDS : island, intertidal trophic resources, endemic lizard, arid zones

INTRODUCTION

The endemic lizard Podarcis atrata from the Colum-
bretes archipelago (Mediterranean, Castellon, Spain),
inhabits very small islands ranging from 0.5 to 13 hec-
tares. The islands are characterized by extreme aridity and
by the scarcity of terrestrial insects (see CASTILLA & BAU-
WENS, 1991). Adult lizards have been observed near shore
feeding on seabird regurgitates, and scavenging on car-
casses and gull eggs on several islands of the archipelago
(CASTILLA et al., 1987). Lizards from arid coastal areas
across the world are important consumers of marine and
intertidal trophic resources (amphipods, crabs, shells,
flies, etc) (Table 1). It is generally assumed that the inclu-
sion of marine resources into the diet is promoted by the
lack of other food resources (PoLis & HURD, 1996; BAR-
RET el al., 2005; CATENAZZI et al., 2005; CATENAZZI &
DONNELLY, 2007).

The isopod Ligia italica is very abundant on Colum-
bretes, and inhabits rocky substrates from 0 to 12 meters
above sea level. In some areas, lizards and isopods utilize
the same rocks, thus facilitating predator-prey interac-
tions. However, observations of the consumption of L.
italica by P. atrata individuals under natural conditions
are difficult because both species are very wary on
exposed rocks without vegetation cover and a high abun-
dance of bird predators. Moreover, lizards are very diffi-
cult to capture on vertical, eroded cliffs. Consequently, no
data are available on stomach contents for animals living
near shore. We decided to use an experimental approach
similar to that employed in a previous study to examine
the cannibalistic propensities of lizards on the same island
(CAsSTILLA & VAN DAMME, 1996). We measured the will-

ingness of P. atrata individuals to consume the marine
isopod Ligia italica and the terrestrial one Armadillo
officinalis, which is morphologically similar and has been
found in the stomach contents of P. atrata (CASTILLA et
al., 1987).

MATERIALS AND METHODS

The study was conducted on the island Columbrete
Grande during the fist week of June 2006. We captured
adult isopods of L. italica at the sea shore and offered
them to free ranging adults of P, atrata living in vegetated
areas of the island near human habitation where the liz-
ards are abundant and used to human presence. Observa-
tions were conducted between 0900-1200 hours, with
ambient temperature ranging from 20-22°C, and relative
humidity from 72-84%.

To be sure lizards were hungry at the time of the exper-
iment we first offered them a mealworm (a preferred
prey) attached to a noose. If the reaction of the lizard to
the mealworm was positive (e.g. direct attack), we
removed the mealworm from the noose and replaced it
with an individual of L. italica (length x width ca. 15 x
6mm; 0.15g). We tested only adult lizards (svl=60-70mm,
mass=5-9g) of both sexes. After each presentation we
observed the reaction of the lizard and registered its
behaviour (Table 2). We also recorded the handling time,
as the time from the moment the lizard captured its prey
to the moment the lizard completed ingestion. After three
days we repeated the same experiment using terrestrial
isopods, A. officinalis (length x width ca. 10x5mm;
0.05g) that were captured under rocks near human habita-
tion.
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TABLE 1

Insular and coastal lizards that include marine input in their diet. Note that there are only data for one

species from the Mediterranean (present study).

Species (Reptilia: Squamata) Zone Reference
Amblyrhynchus cristatus Galapagos DuNsoON, 1969
Callisaurus draconoides Baja California QUIJADA-MASCARENAS, 1992
Cryptoblepharus bautony Madagascar FRICKE, 1970
Leiolopisma suteri New Zealand Towns, 1975
Microlophus peruvianus Peru Vogr, 1939
Phyllodactilus angustidigitu Peru CATENAZZI & DONNELLY, 2007
Uta spp. Gulf of California SOULE, 1966
Uta antiqua Gulf of California BALLINGER & TINKLE, 1972
Uta encantadae Gulf of California GRISMER, 1994
Uta lowei Gulf of California GRISMER, 1994
Uta palmeri Gulf of California WiLcox, 1980
Uta stansburiana Gulf of California BARRETT et al., 2005
Uta tumidarostra Gulf of California GRISMER, 1994
Podarcis dugesii Atlantic, Madeira DAVENPORT & DELLINGER, 1995
Podarcis atrata Mediterranean, Columbretes present study

TABLE 2

Behavioural response of free living adult males and females of Podarcis atrata following presentation of individuals
of two different Isopoda (Crustacea) prey attached to a noose. For each different lizard the first immediate reaction
was recorded. The results are expressed in percentages (%), and sample size given (n).

Ligia italica

Armadillo officinalis

P. atrata response Males (n=18)

Females (n=10)

Males (n=20) Females (n=18)

n % n % n % n %
Ignore 0 0 4 40 2 10 5 28
Observe-ignore 1 6 2 20 1 5 2 11
Observe-attack-eat 3 17 1 10 5 25 1 6
Direct attack- eat 13 72 3 30 11 55 10 56
Direct attack- not eat 1 6 0 0 1 5 0 0

Differences in response (consumption of the prey or
not) towards the two different prey items (L. italica or A.
officinalis) by lizards of both sexes were analysed with a
binomial regression (i.e., generalized linear model) with a
probit link function to examine the putative effects of
prey, sex and their interaction, using the program S-Plus.
We also tested for differences in handling time between
prey species using an analysis of variance. Prior to per-
forming the one way ANOVA's we logarithmically trans-
formed (log10) handling times.

RESULTS

In all cases (n=66) males and females reacted to the
mealworm by directly attacking it. After that, most males
consumed the isopod L. italica (89%), 72% attacking the
prey directly without previous observation (Table 2).
Most females (60%) ignored the specimen of L. italica
offered, and only 40% of the females actually consumed
them. Most males consumed the offered individuals of A4.
officinalis (80%), 55% attacking them directly without
previous observation. Some females (39%) ignored this
prey while 61% consumed the terrestrial isopod (Table 2).

We did not find a significant interaction effect between
sex and prey (t=1.2909; P>0.05). However, the analysis
showed a significant effect of sex (t=2.8711; P<0.01):
males consumed both isopods species at higher propor-

tions (L. italica=89%, A. officinalis=80%) than did
females (L. italica=40%, A. officinalis=61%).

Handling time for consumption of the isopod L. italica
was only measured for male lizards, and ranged from 22
seconds to 1 minute (mean=40.1sec; sd=13.6; n=13).
Handling time of specimens of A.officinalis by male liz-
ards ranged from 12 to 38sec (mean=23.9sec; sd=7.7;
n=9), and the difference was significant (F1, 26=9.38;
p=0.005). The mean ingestion time of specimens A. offic-
inalis was longer for female lizards (mean=27.6sec;
sd=14.1; n=7) than it was for males (23.9sec) but the dif-
ference was not significant (F1, 14=0.11; p=0.75).

DISCUSSION

The results of our study show that, in our experimental
conditions, both sexes of the lizard P. atrata consumed
the marine isopod L. italica in the same proportion as the
terrestrial A. officinalis. However, males were more
inclined to consume both prey types than females. In
June, 80% of the females were pregnant, and they may be
more selective for food during that stage. Additional
experiments outside the breeding season would help to
better interpret our results.

Handling time for males was lower for specimens of A.
officinalis (24sec) than those of L. italica (40sec). In addi-
tion we observed one male ingesting three specimens of
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A. officinalis, one after the other. For this individual,
ingestion time was variable (22.41sec; 31.91sec and
24 .64sec), suggesting that a larger sample size may be
needed.

A longer handling time for specimens of L. italica
could be related to the larger size of this species (ca. Smm
larger than individuals of A. officinalis). However, we
believe that these differences were mainly due to the fact
that a specimen of L. italica was sometimes thrown to the
ground and picked up again by both males and females.
Unfortunately, we could not quantify the “rejection
behaviour” shown by six individuals. Interestingly, rejec-
tion behaviours were not observed with offered individu-
als of A. officinalis. Terrestrial isopods such as 4. offici-
nalis are abundant species in the vegetated and humid
zones of the island, and are frequently consumed by P
atrata (CASTILLA et al., 1987) and other lizards (CAR-
RETERO, 2004).

To test the importance of marine prey resources in the
diet of P. atrata, future studies should include the analysis
of stomach contents of lizards living near the seashore.
Alternatively, stable isotope analysis could be used (e.g.,
CATENAZZI & DONNELLY, 2007) to test for the importance
of the marine subsidies into the terrestrial ecosystem at
the Columbretes islands. The only other data on European
lizards utilising marine resources are for Podarcis dugesi
on Madeira Island (Atlanic, Portugal; see DAVENPORT &
DELLINGER, 1995). However, as there are many islands in
the Atlantic and the Mediterranean seas holding lizard
populations, the use of marine trophic resources to sur-
vive or complement the diet of lizards is likely more com-
mon. Indeed, our observations suggest that marine inver-
tebrates may be an important food source for lizards
living in harsh conditions on small islands.
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Protective action of peanut oil in rats exposed to gamma-rays
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ABSTRACT. The present study aims to clarify the role of peanut oil as a radioprotector in male albino rats against oxidative stress
and bone injury induced by a-radiation. Rats were subjected to a dose of 5Gy, over an exposure time of 133sec, at a dose rate
3.759rad/sec. Prior to irradiation, rats received peanut oil subcutaneously, (0.75mL/kg) over a one month period, on three days/
week. Serum and bone mineral contents were estimated, and serum protein, cholesterol and creatinine concentrations were deter-
mined. We also investigated some enzyme activities as well as hormonal calcium control. It seems that the deleterious effects of
exposure to a-radiation on most estimated parameters affecting Ca metabolism can be controlled to some extent by peanut oil

administration prior to irradiation.

KEY WORDS : Radiation, Peanut oil, Calcium metabolism.

INTRODUCTION

Exposure to ionizing radiation represents a genuine,
increasing threat to mankind and our environment. The
steadily increasing applications of radiation in clinical
practice, industrial and agricultural activities, on top of
residual radio-activity resulting from nuclear test explo-
sions, have a measurable impact contributing to possible
radiation hazards in humans. Control of radiation hazards
is considered as one of the most important challenges in
order to protect our lives from radiation damage.

Calcium is one of the essential elements for normal
functioning of an organism, and its concentration in
serum is kept within the narrow range of 8.7-10.7mg/dL
(BROZOSKA & MONIUSZKO-JAKONIUK, 1996). Because of
the importance of calcium in regulating vital cellular and
tissue functions, the concentration of calcium ions in
body fluids is regulated by an effective feedback control
system including a Ca™ transporting subsystem (bone &
kidney), Ca™ sensing receptors, and calcium regulating
hormones: parathormone, calcitonin and 1,25-dihydroxy
vit D;, (HURWITZ, 1996). Parathormone and calcitonin
positively regulate renal 1,a-hydroxylase gene expression
(a key enzyme for 1,25(OH),D; synthesis) which is found
mainly in the kidneys (MURAYAMA et al., 1999). ENDO et
al., (2000) suggested that 1,25(OH),D, has the potential
to alleviate hypocalcemia, through the inhibition of bone
resorption. COLMAN et al., (2002) reported that calcitonin
inhibits bone resorption by acting directly on osteoblasts,
as it binds to high affinity osteoclastic receptors, and
inhibits osteoclastic activity.

Ionizing radiations interact with biological systems
through free radicals generated by water radiolysis. This
indirect action plays an important role in the induction of
oxidative stress leading to cellular damage and organ dys-
function (BERROUD et al., 1996). SHFRANOVSKAIA (2002)
found that the combined effects of acute gamma-irradia-
tion and thyroparathyroidectomy change the structure-
functional state of sarcoplasmic reticulum membranes of
rat skeletal muscles conditioned by the disturbance of
hormonal regulation of molecular-cellular mechanisms of

Ca'™" exchange. There is evidence that gamma radiation
damages bone tissue via free radical attack on the colla-
gen (AKKUS et. al., 2005). Therapeutic doses of radiation
have been shown to have deleterious consequences on
bone health, occasionally causing osteoradionecrosis and
spontaneous fractures HAMILTON et al. (2006). JUAN et al.
(2002) reported that trans-3,4,5-trihydroxystilbene is a
phytochemical present in peanuts, grapes and wine with
beneficial effects such as protection against cardiovascu-
lar disease and cancer prevention. We measured several
parameters in male albino rats subjected to a-radiation, in
order to clarify the role of peanut oil in protection against
oxidative stress and bone injury.

MATERIALS AND METHODS

Male albino rats weighing 150+20g were divided into
four categories each with six animals:

— (i) Normal control.

— (i) y-irradiated group [*® Co (5Gy) exposure time
133sec, at a dose rate 3.759rad/sec] at the Middle East-
ern Regional Radioisotope centre for Arab countries.

— (iii) Peanut oil treated group (0.75mL/kg) for one
month, 3 days/week.

— (iv) Peanut oil followed by y-irradiation.

After the experimentation period (1 month), animals
were placed in metabolic cages for 24h. For urine collec-
tion a few drops of HCI were added to avoid fermenta-
tion. Rats were then decapitated, blood samples collected,
urine 4-hydroxyproline determined, and sera were sepa-
rated for estimation of Ca, P, Mg, creatinine, total protein,
cholesterol, alkaline phosphatase, acid phosphatase,
1,25(0OH),D,, PTH, calcitonin (BERG, 1982). The right
femur of each animal was cleaned from surrounding tis-
sues, weighed and crushed, then completely homogenated
in 3mL distilled water, and kept frozen at -20°C till exam-
ination. A known volume of the homogenate was used for
estimation of Alkaline and Acid phosphatises (KIND &
KNG, 1954). Samples digested with concentrated nitric
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acid were used for mineral estimation using an atomic
absorption spectrophotometer.

RESULTS

As shown in Table (1), exposure to y-radiation caused
significant increases in serum Ca, P, and Mg concentra-
tions. Meanwhile a decline was detected in estimated
bone minerals.

Table (2) shows that irradiation increased serum and
bone acid phosphatase activity as will as serum creatinine
levels, and decreased that of alkaline phosphatase. In
addition, Table (3) shows that levels of parathormone,
calcitonin, 1,25(OH),D, as well as serum cholesterol
were elevated in the irradiated group. Also urine hydroxy-
proline significantly increased following irradiation, but
serum total protein declined significantly. In the peanut
oil pre-irradiated group all these parameters tended to
approach the values found in the controls.

TABLE 1

Serum and bone mineral content in control and treated rats (xSE).

) Estimated
-~ Serum Ca Bone Ca Serum P Bone P Serum Mg Bone Mg
mg/dL g/g wt. mg/dL g/g wt. mg/dL g/g wt.
Animal group
Control 8.62+0.22 0.59+0.013 3.9+0.22 87.0+1.6 3.3+0.14 104.4+5.4
Peanut oil 8.94+0.11 0.63+0.014* 5.10.1%%* 72.0+1.4%%* 3.1+0.04 95.9+1.1
Irrad. 12.940.14%** 0.35+0.014%** 6.3+0.18*** 32.34]1.3%** 5.6+0.3%** 68.241.9%**
Peanut oil + irradiated 0000 744(.12%**  °0°0 47+£0.011%**  ©905 24() 2 5%** 00039, 740, 7%** ©003.140.2 00082 T4 4%

* Significant at P<0.05

** Highly significant at P<0.02

**% Very highly significant P<0.01 relative to control group
°° Highly significant at P<0.02

°°° Very highly significant P<0.01 relative to irradiated group

TABLE 2
Metabolic and enzymatic activity in serum or bone in control and treated rats.
Estimated
Serum creatinine Serum alk. pase  Bone alk. pase  Serum acid pase  Bone acid pase
mg/dL KAU/dL KAU/ g wt. KAU/dL KAU/ g wt.
Animal group
Control 0.7+0.03 57.8+0.6 44.8+0.5 3.1+0.3 9.8+0.3
Peanut oil 0.6+0.02** 59.4+0.7 47.5+0.7* 3.7+0.2 9.8+0.2
Irrad. 2.140.11%** 26.0£0.4%** 23.8+1.05%** 7.0£0.4%** 12.2+0.25%**
Peanut oil + irradiated ©9°0.8+0.02* 00037 8+0.4*** 00037 540.3%** ©94,9+0.3%* ©008.7+0.3*
* Significant at P<0.05
** Highly significant at P<0.02
*** Very highly significant P<0.01 relative to control group
°° Highly significant at P<0.02
°°° Very highly significant P<0.01 relative to irradiated group
TABLE 3
Serum cholesterol, total protein and some hormonal content in control and treated rats.
Estimated < < . i
erum erum ara rine . .
Cholesterol total protein ornone PTH 1.25 (O/I:l)lz' D, Hydroxyproline Calc/l:::zm
mg/dL gL (pg/mL) P (ng/mL) b
Animal group
Control 203+5.8 7.1+£0.3 22.94+0.15 19.8+0.8 5.13+0.08 3.7+0.06
Peanut oil 21143.5 6.6+0.15 22.4+1.2 20.8+0.6 5.3+0.15 3.9+0.07
Irrad. 50947.2%** 4.540.3%** 27.840.42%** 32.241.4%** 7.2540.11%** 4.0£0.04**
Peanut oil + irradiated 00036414 5% ** °°6.1+0.12* ©0022.8+0.08 00023.14+0.4** 0005 8+(). ] *** 4.1+0.12%

* Significant at P<0.05

** Highly significant at P<0.02

**% Very highly significant P<0.01 relative to control group
°° Highly significant at P<0.02

°°° Very highly significant P<0.01 relative to irradiated group
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DISCUSSION

Gamma rays act either directly or by secondary reac-
tions to produce biochemical lesions that initiate series of
physiological symptoms. Ionizing radiation is known to
induce oxidative stress through the generation of reactive
oxygen species (ROS) resulting in imbalance of the pro-
oxidant and antioxidant activities, ultimately resulting in
cell death (SRINIVASAN et al., 2006). Numerous attempts
have been made to investigate different means for con-
trolling and protection from radiation hazards using
chemical, physical and biological means.

In our experiments, a marked increase was noted in
serum calcium content with concomitant decrease in the
bone calcium content of irradiated groups. The observed
increase may be attributed to an increase in parathyroid
hormone as mentioned by FUulIwARA et al. (1994), and/or
to an increase in the intestinal brush border membrane
cation permeability (HIZHNYAK, 1997). On the other hand,
the decline of bone calcium content may be due to bone
demineralization after irradiation as reported by FukuDA
& LipA (1999). The reduction in the calcium disturbances
following irradiation in the peanut pre-irradiated group
may be due to the vitamin E content of peanut oil provid-
ing a suitable level of zinc (FARAG, 1999), which
enhances 1,25(0OH),D,-stimulated bone metabolism and/
or due to protection against free radicals generated by
irradiation, (GLASCOTT et al., 1996).

An increase in serum inorganic phosphorus concomi-
tant with a decrease in bone phosphorus in irradiated
groups (Table 1) is in accordance with the results of
FiLipov et al. (1991), and may be due to bone deminerali-
zation after irradiation, and/or to the destruction or arrest
of the activities of bone cells such as osteoblasts. The
administration of peanut oil pre-irradiation seems to
reduce radiation damage possibly due to its antioxidant
effect (CHEN et al., 2002).

The increase in serum content and concomitant
decrease in bone content of magnesium may be a result of
increased levels of parathyroid hormones, which stimu-
late magnesium absorption from the gut (HULTER &
PETERSON, 1984) and release of magnesium ion from
bone (ZOFOKOVA & KANCHEVA, 1995), as well as acceler-
ation of bone resorption (CHAVELLY & RizzoLl, 1999).
Retention of magnesium levels to near normal in the pea-
nut oil pre-treated group may be attributed to the protec-
tion of the sulfhydral group (SH) from oxidative damage
through inhibition of peroxidation of membrane lipids in
the liver and kidney of rats (UPASANI & BALARMAN,
2001).

The increased serum creatinine in the irradiated group
indicates development of nephritis and renal dysfunction,
a result in agreement with BORG et al. (2002). This result
may be attributed to impairment of glomerular selective
properties caused by irradiation (BERRY et al., 2001). In
the peanut oil protected group, serum creatinine level
remained close to normal; this may be explained by the
ability of some antioxidant in peanut oil to scavenge free
radicals generated by irradiation, which would otherwise
cause kidney damage (NATH et al., 1994).

The observed decline in serum and bone alkaline phos-
phatase in the irradiated group may be due to early

decline in the intestinal alkaline phosphatase isoenzyme
activity (STEPHAN et al., 1977). This decrease may also be
attributed to a transitory reduction in the release of alka-
line phosphatase to the enzymatic circulation by rapidly
metabolizing cells, (GERACI et al., 1991), and/or injury to
the intestinal mucosa after irradiation as mentioned by
FaHM et al. (1993). The decrease in bone alkaline phos-
phatase in the irradiated group implies bone deformity
resulting from an excess of resorption over formation
(ArTsuLa, 1986), as bone alkaline phosphatase is more
specific as an important bone formation marker than is
total alkaline phosphatase (KHOSLA et al., 1999).

The amelioration in alkaline phosphatase activity
resulting from peanut oil pre-irradiation may be due to a
beneficial effect on membrane permeability leading to the
maintenance of a higher level in serum (JUAN et al.,
2002). In addition the presence of the strong antioxidant
resveratrol may increase alkaline phosphatase in osteob-
lastic cells to stimulate bone resynthesis, a view which is
in accordance with MizUTANI et al. (1998).

The elevated serum and bone acid phosphatase levels
in the irradiated group may be attributed to the break-
down of lysosomal membranes by the lipid peroxidation
effect of radiation, resulting in release of the enzyme
(KUMAR et al., 2003). In addition, irradiation may lead to
lesions in the developing lysosomal membrane, through
the action of oxygen free radicals, increasing membrane
permeability and allowing acid phosphatase to escape
(BeccioLiNI et al., 1982). The elevated bone acid phos-
phatase may also be due to the release of enzyme from
osteoclast lysosomes as a result of bone resorption after
irradiation (AITSULA, 1986). The maintenance of more
normal serum and bone acid phosphatase levels in the
peanut oil protected group should be attributed to the free
radical scavenging ability of vitamin E, which can sup-
press bone resorption and prevent membrane lesions.

A decline was registered in serum protein of the a-irra-
diated group (Table 3), possibly caused by DNA damage
after irradiation, resulting in subsegment changes in m-
RNA causing impairment in gene transcription that could
inhibit protein synthesis (LA1 & SINGH, 1996). In addition,
the formation of free radicals can cause breakage of
chemical bonds and destruction of protein molecules
(TENG & MOFFAT, 2000). The maintenance of more nor-
mal protein levels in the peanut oil pre-irradiation group
may be due to trapping of free radicals by reservatrol,
thus preventing DNA damage (CADENAS & BARJA, 1999).

Elevated serum cholesterol after irradiation (Table 3)
may be due to the increased ability of the liver to biosyn-
thesise cholesterol (CHEN & THACKER, 1985), as well as to
the decreased activity of cholesterol 7-hydroxylase, the
key enzyme involved in degradation of cholesterol in the
liver, as mentioned by CHUPUKCHAROEN et al. (1985).

In addition, irradiation caused increases in serum LDLc
by lipid peroxidation (NATH, 1996), leading to transport
of cholesterol to extrahepatic tissue through LDLc recep-
tor as mentioned by ABD-EL MOMEIN et al. (1989).

The considerably lower level of cholesterol in the pea-
nut pre-irradiated group compared to the irradiated group
may be attributed to the monounsaturated fatty acids
(MUFA) present in peanut oil, which lowered the concen-
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tration of circulating triglycerides and cholesterol (FELD-
MAN, 1999).

As presented in Table (3), whole body gamma irradia-
tion produced elevation in the level of rat serum parathy-
roid hormone relative to the control group, a result which
may indicate parathyroid adenoma and carcinoma caused
by irradiation (CHRISTMAS et al., 1988). This increase may
also be attributed to defective calcium absorption mecha-
nism resulting from impaired hepatic and renal function,
and consequently the formation of the active metabolite,
vitamin D (SOTORNIK, 1997). The reduction in parathy-
roid damage following radiation in the peanut oil pre-
treated group could be due to presence in the oil of phyto-
sterols, which have an anticancer effect (AwAD et al.,
2000).

The increased calcitonin in the irradiated group may
result from a feedback mechanism to overcome the
increase in calcium and parathormone levels (FUIIWARA et
al., 1994). The alteration of calcitonin level in the peanut
oil protected group may be due to antioxidant activity,
which tends to improve bone formation and decrease
bone resorption and hence reduce serum calcium levels
(ArRIMANDI et al., 2002).

The increase in 1,25(0OH),D, seen in the irradiated
groups may be an indication of increased half life of the
compound due to disturbances in lipid solubility, rather
than to an increase in its secretion (AMIZUKA et al., 1999).
The increase in serum parathormone level after irradia-
tion may also have led to this result (CHAVELLY & Riz-
zoLI, 1999). The increase in serum magnesium ion may
also have contributed to the increase in 1,25(OH),D,
(RUDE et al., 1985). The amelioration in the serum level
of 1,25(0OH),D; in the peanut oil protected group may be
due to improvement in parathyroid activity assisted by the
antioxidant properties of peanut oil (AWAD et al., 2000)
and/or the restoration of the process of bone formation
(ARIMANDI et al., 2002).

Hydroxyproline is the specific amino acid of collagen
and is considered as a suitable marker for bone metabo-
lism, reflecting its resorption. The increase in urinary
hydroxyproline observed in the irradiated group is
expected, and may be related to the destruction of bone
collagen and bone resorption following irradiation
(LIESESGANG et al., 1998). In addition, wounds caused by
irradiation may also play a role in increasing hydroxypro-
line as reported by YANG et al. (2001). The lack of eleva-
tion in hydroxyproline levels seen in the peanut oil pre-
treated group may be due to inhibition of collagenase
genes, by the vitamin E component of peanut oil, a view
which is in accordance with (Azzi et al., 2001).

In conclusion single whole body Gamma irradiation of
rats resulted in disturbances in calcium metabolism and
the hormones influencing it. Peanut oil treatment pre-irra-
diation may play a protective role against these abnormal-
ities.
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ABSTRACT. A total of 1190 specimens of bogue, Boops boops, were collected by gillnet and trammel net fishing between January
2005 and December 2005 in Izmir Bay (Aegean Sea of Turkey). Fish size in total length ranged from 9.2cm (minimum) in Septem-
ber to 27.6cm (maximum) in January. The length-weight relationships were determined for males, females, hermaphrodites and
combined sexes as W=0.0021L322, W=0.0044L3272, W=0.0037L33>° and W=0.0035L3*!° respectively. The results indicated fur-

ther that the length-length relationships were highly correlated (r>>0.990, P<0.001).

KEY WORDS : Boops boops, length-weight relationship, length-length relationship, Izmir Bay, Aegean Sea.

INTRODUCTION

The length-weight (LWR) and length-length (LLR)
relationships have been applied for basic uses for assess-
ment of fish stocks and populations (RICKER, 1968). The
length-weight relationships also helps to figure out the
condition, reproduction history, life history and the gen-
eral health of fishing species (NIKOLSKY, 1963 ; WOOTTON,
1992; PauLy, 1993; ERKOYUNCU, 1995; AVSAR, 1998)
and is also useful in local and interregional morphological
and life historical comparisons in species and popula-
tions.

It is necessary to use standard measures for all popula-
tions to render the results more reliable when making
comparisons between populations. Therefore, the length-
length relations of species under various environmental
conditions should be known. The length-length relation-
ship is also of great importance for comparative growth
studies (MOUTOPOULOS & STERGIOU, 2002). In fisheries
studies, fish length can often be measured more rapidly
and easily than mass. The knowledge of the length-weight
relationship makes it easier to determine the mass where
only the length is known. In the field, the tail flukes are
often cut, which makes it difficult to measure the total
length accurately. Knowing the standard length will ena-
ble us figure out the total length.

The aim of the present study is to determine the length-
weight and length-length relationships of females, males
and hermaphrodites of Boops boops, the species caught in
[zmir Bay in 2005.

MATERIALS AND METHODS

The samples were obtained monthly during commer-
cial fishing trials conducted with gillnets and trammel
nets during 2005 in [zmir Bay (Fig. 1).

The specimens were taken from commercial boats,
kept in wooden boxes and brought to the laboratory as
soon as possible (within two hours). Fish were measured
in the laboratory for total length (TL), fork length (FL)
and standard length (SL) to the nearest cm and weighed
(W, wet weight) to the nearest g.

The length-weight relationships for weight were calcu-
lated using the equation, W=aL’ (RICKER, 1979) where a
is a coefficient related to body form and b is an exponent
indicating isometric growth when equal to 3. The statisti-
cal significance level of 1> was estimated by linear regres-
sions on the transformed equation, LogBW=loga
+b.logSL. Moreover, (1) TL vs FL; (2) FL vs SL; and (3)
SL vs TL relationships were calculated by linear regres-
sions. In order to test for likely significant differences in
both slope and intercept, covariance analysis was per-
formed. All statistical analyses were evaluated at P<0.05
significance level.

RESULTS AND DISCUSSION

A total of 1190 individuals were sampled during the
study period. The shortest individual, 9.2cm, was
obtained in September and the longest, 27.6cm TL, in
January. It was determined that 54% of the samples were
females (n=640), 43% males (n=516) and 3% hermaph-
rodites (n=34).

Seasonal length-weight relationships for males,
females, hermaphrodites and the total sample population
were determined as W=0.0021L3522, W=0.0044L3272,
W=0.0037L33% and W=0.0035L34!% respectively (Table

1).
Analysis of covariance revealed significant differences

between sexes for the slopes (b) of the regression lines
(P<0.001).
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Fig. 1. — Study area (Izmir Bay)

TABLE 1

Monthly descriptive statistics and estimated parameters of length-weight relationships for both sexes of Boops boops in Izmir Bay
(Aegean Sea) from January 2005 to December 2005 (M: male, F: female, H: hermaphrodite, A: all sexes, n: number of individuals, a:
intercept, b: slope, CI: confidence limits, r*: coefficient of determination).

Length characteristics ‘Weight characteristics Relationship parameters
Months ~ Sex n TL Range Mean TL W Range Mean W a b SE of b 2
(cm) (#SD) ® (#SD)
January M 20 22.0-27.0 24.42+1.63 150.35-243.96 191.68+33.38 0.0699 2.475 0.264 0.917
F 40 21.8-27.6 24.20+1.42 149.99-250.21 184.44+27.91 0.1188 2.304 0.204 0.876
February F 78 16.0-21.1 19.25+1.50 36.47-98.67 69.87+17.14 0.0062 3.145 0.136 0.935
March M 180 13.6-22.9 19.1442.20 22.44-117.68 69.87+22.26 0.0106 2.965 0.121 0.873
F 96 15.0-21.6 19.21+£1.80 32.11-123.92 72.72+23.90 0.0078 3.076 0.259 0.854
April M 32 15.4-19.5 17.55+1.08 34.57-66.28 49.20+9.23 0.0118 2.901 0.010 0.889
F 28 14.7-20.0 18.04+1.46 30.20-74.87 53.68+12.19 0.0124 2.887 0.159 0.965
May M 40 22.2-26.6 24.65+1.07 151.96-281.67 260.64+26.96 0.0485 2.606 0.320 0.887
June M 76 18.0-22.0 19.74+1.13 51.84-106.36 69.04+13.20 0.0088 3.002 0.182 0.884
F 80 18.2-22.9 20.54+1.30 54.28-117.35 80.46+15.87 0.0142 2.854 0.179 0.870
July M 14 18.4-23.5 21.26+1.80 69.88-128.65 97.31+23.75 0.0201 2.770 0.365 0.920
F 126 11.3-23.3 17.79+£2.72 12.10-132.86 60.70+27.92 0.0065 3.148 0.050 0.989
August M 68 15.4-23.4 20.57+1.60 38.32-143.31 91.39+22.81 0.0059 3.184 0.149 0.935
F 88 14.8-25.8 17.34+1.78 29.21-98.90 53.00+19.01 0.0046 3.263 0.070 0.979
H 6 10.9-16.0 12.80+2.79 11.41-41.01 22.17+£16.37 0.0044 3.298 0.080 0.999
September  F 48 15.6-23.3 19.56+2.39 38.48-124.17 77.06+27.28 0.0106 2.976 0.114 0.967
H 8 9.2-18.2 14.35+3.76 7.18-57.30 33.24+20.52 0.0078 3.083 0.080 0.997
October M 12 10.2-19.2 16.25+£2.33 17.70-68.24 42.23+17.00 0.0101 2.973 0.157 0.989
F 30 15.2-20.2 17.01£1.40 29.73-82.60 48.25+15.39 0.0024 3.487 0.198 0.960
H 20 15.3-19.7 16.59+1.21 32.10-69.65 43.68+10.24 0.0122 2.909 0.113 0.938
November M 38 18.3-25.6 22.03+£2.35 54.78-169.26 118.08+35.62 0.0055 3.194 0.137 0.970
F 18 17.1-26.7 22.07£3.79 46.69-191.75 117.10+62.47 0.0037 3.316 0.178 0.980
December M 36 16.0-24.5 20.97+2.57 35.99-148.33 93.82+32.65 0.0057 3.177 0.080 0.991
F 8 15.5-24.2 21.43£3.99 32.83-145.87 106.92+50.52 0.0033 3.363 0.020 0.999
Overall M 516 13.6-27.0 20.28+2.69 17.70-281.67 91.41+48.80 0.0021 3.522 0.062 0.926
F 640 11.3-27.6 19.14+2.73 12.10-261.76 75.62+40.83 0.0044 3.272 0.044 0.947
H 34 9.2-24.9 16.84+4.30 7.18-222.75 62.82+40.28 0.0037 3.350 0.089 0.988
A 1190 9.2-27.6 19.55+2.86 7.18-281.67 81.74+45.63 0.0035 3.419 0.016 0.948
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Monthly LWRs of Boops boops presented in Table 1
show that the calculated allometric coefficients vary
between 2.475 (January) and 3.194 (November) in males,
between 2.304 (January) and 3.487 (October) in females
and between 2.909 (October) and 3.298 (August) in her-
maphrodites. All LLRs presented in Table 2 were highly
significant (P<0.001), with all coefficient of determina-
tion values being greater than 0.990.

The LWR can be obtained from the length and weight
measurements of the same fishes throughout their lives or
from a sample of fish taken at a given time (WOOTTON,
1990). The parameters of the fish, LWRs are affected by a
series of factors including season, habitat, gonad maturity,
sex, diet, stomach fullness, health and preservation tech-
niques (TescH, 1971; BAGENAL & TEscH, 1978; HOSSAIN
et al., 2006).

All allometric coefficients (b) estimated in this study
were within the expected range 2.3-3.5, and according

BAGENAL & TescH (1978); KOUTRAKIS & TSIKLIRAS
(2003), allometric coefficients (b) may range from 2 to 4.

There have been some other studies on the length-
weight and length-length relationships of B.boops L., in
Turkish Seas and other localites (MENNES, 1985; ALGE-
RIA-HERNANDEZ, 1989; MERELLA et al., 1997;
GONCALVES et al., 1997; ABDALLAH, 2002; VALLE et al.,
2003; OzaYDIN & TASKAVAK, 2006; KARAKULAK et al.,
2006) and the b values reported in these studies are pre-
sented in Table 3.

The values of b found in studies conducted on B. boops
in Turkish Seas indicate positive allometry of growth.
Table 3 shows that in other parts of the Mediterranean Sea
fish of this species exhibit isometric growth values as
well as those positively approaching isometry (more posi-
tively).

TABLE 2

Length-length relationships between total length (TL), fork length (FL) and standard
length (SL) of Boops boops in Izmir Bay (Aegean Sea) from January 2005 to Decem-
ber 2005 (n: number of individuals, a: intercept, b: slope, r?: coefficient of determina-

tion).
Sex Equation n a b r?
TL=a+bFL -0.2165 1.1362 0.991
Male FL=a+bSL 516 0.9006 1.0152 0.994
SL=a+bTL -05657 0.8616 0.990
TL=a+bFL -0.0405 1.1277 0.995
Female FL=a+bSL 640 0.5915 1.0332 0.997
SL=a+bTL -0.7071 0.8683 0.992
TL=a+bFL -0.1872 1.1339 0.997
Hermaphrodite FL=a+bSL 34 0.6199 1.0255 0.999
SL=a+bTL -0.4361 0.8595 0.999
TL=a+bFL -0.0877 1.1299 0.995
All FL=a+bSL 1190 0.6866 1.0270 0.997
SL=a+bTL -0.6295 0.8644 0.994
TABLE 3
Length-weight relationships of Boops boops L. from different localities.
Length Length
Author(s) Area Sex e () - a b
MENNES, 1985 Western Sahara, Morocco unsexed - - 0.0145 3.000
ALGERIA-HERNANDEZ, 1989 Central Adriatic Sea female 13.50-23.00 TL 0.0056 3.088
male 12.80-22.30 TL 0.0087 3.000
DJABALI et al., 1993 Bou-Ismail, Algeria unsexed - - 0.0097 3.000
PETRAKIS & STERGIOU, 1995 G.S. Evvoikos, Greece mixed 9.60-24.30 FL 0.0149 3.093
MERELLA et al., 1997 Balearic Islands, Spain unsexed 12.40-26.60 TL 0.0082 3.000
GONCALVES et al., 1997 South coast, Portugal unsexed 15.80-35.50 TL 0.0083 3.037
ABDALLAH, 2002 Alexandria, Egypt unsexed 3.70-14.60 TL 0.0070 3.130
VALLE et al., 2003 East coast, Spain unsexed 9.70-16.70 SL 0.0161 2.812
KARAKULAK et al., 2006 Gokceada, Turkey mixed 10.20-32.10 TL 0.0048 3.258
female 15.40-32.10 TL 0.0032 3.390
male 15.30-27.60 TL 0.0074 3.116
OZzAYDIN & TASKAVAK, 2006 Izmir Bay, Turkey mixed 10.70-23.50 FL 0.0003 3.033
This study Izmir Bay, Turkey mixed 9.20-27.60 TL 0.0035 3.419
female 11.30-27.60 TL 0.0044 3.272
male 13.60-27.00 TL 0.0021 3.522
hermaphrodite 9.20-24.90 TL 0.0037 3.350
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Croissance et variations saisonniéres de la composition en acides gras
de ’huitre Crassostrea gigas cultivée dans la lagune de Bizerte, Tunisie

Salwa Dridi*"*, Mohamed Salah Romdhane® & M’hamed El Cafsi?

2 Faculté des Sciences de Tunis, Département de Biologie, Unité de Physiologie et d’Ecophysiologie des Organismes Aquati-
ques, Campus Universitaire, 2092, El Manar II, Tunis, Tunisia.

b Institut National Agronomique de Tunisie, Département des Sciences de la Production Animale et de la Péche, Unité d’éco-
systémes et ressources aquatiques, 43 Av. Charles Nicole, 1082 Tunis, Tunisia.

Corresponding author : * salwadridi@yahoo.fr

RESUME. Ce travail, réalis¢ de janvier 2002 a janvier 2003, a pour principal objectif de suivre la croissance d’une population de
I’huitre creuse Crassostrea gigas dans la lagune de Bizerte en parallele a, d’une part, la détermination de la composition en acides
gras de I’ensemble gonade-glande digestive de chaque individu et, d’autre part, I’analyse des paramétres physiques du milieu
d’échantillonnage. La séparation entre les individus en périodes d’activité gonadique (de mars a septembre) et les individus en
repos sexuel (novembre a février) déduite d’une étude parallele sur C. gigas de la lagune de Bizerte, nous a permis d’observer
I’effet du cycle sexuel sur la croissance linéaire et pondérale. Ainsi, nous avons remarqué que durant le repos sexuel, la corrélation
entre les différents paramétres des modeles de croissance est plus étroite que celle correspondant au reste du cycle. L’accélération
de la croissance durant la phase d’inactivité sexuelle, est démontrée par I’augmentation de la longueur, de la largeur et de 1’épais-
seur de la coquille, respectivement de 2.04cm+0.18; 0.58cm+0.08 et 0.9cm=0.06 de janvier 02 a février 02 et 1.25cm+0.33;
0.65cm+0.11 et 0.28cm=0.07 de novembre 02 a janvier 03. L’accélération de la croissance durant le repos sexuel est également
déduite du profil d’acide gras déterminé sur 1I’ensemble gonade-glande digestive. Ce dernier montre des teneurs maximales en aci-
des gras totaux (7.97£1.31% de chair seche) en automne. De plus, les acides gras saturés (représentés majoritairement par le
C16:0), monoinsaturés [représentés majoritairement par C16:1(n-7), C18:1(n-7) et C20:1(n-7)] et polyinsaturés [représentés majo-
ritairement par C20:5 (n-3) et C22:6 (n-3)] montrent des valeurs maximales durant le repos sexuel du bivalve (automne et hiver)
dont les valeurs sont respectivement de 26.38%=+1.78; 15.84%+0.56 et 65.22%+15.49 des acides gras totaux. Ces acides gras
essentiels représentent dans ce cas une source d’énergie majeure pour le bivalve lui permettant une croissance remarquable des val-
ves en longueur, largeur et épaisseur durant cette phase du cycle sexuel. L’augmentation des teneurs en acides gras durant le repos
sexuel de C. gigas est favorisée par I’é1évation de la production photosynthétique automnale (1.2pug/L).

MOTS CLES : Crassostrea gigas, croissance, acides gras, chlorophylle a, cycle sexuel.

Growth and seasonal variations of fatty acid composition of the Pacific oyster
Crassostrea gigas from the Bizert lagoon, Tunisia

ABSTRACT. Growth and fatty acid composition of the gonad-digestive gland of the oyster Crassostrea gigas was studied from
January 2002 to January 2003. Different measurements of oyster shell length and weight were discussed in relation to the environ-
mental conditions, especially food availability. Separation between oysters in the two phases of the gametogenic cycle demon-
strated that during sexual resting, the correlation between the various growth parameters is higher than those obtained during the
gonadal activity, including ripeness and spawning. The total lipids and seasonal variations in the fatty acids of the gonad-visceral
mass of the cupped oyster suggests a cycle of energy storage and utilization in the Bizert lagoon. Total fatty acid content
(7.97+1.31-4.87£1.60% of dry tissue) varied significantly during the year, reaching the highest value in autumn in coincidence
with the increase of nutrient availability demonstrated by the elevation in Chlorophyll a level in November. However the lowest
values of total fatty acids occurred in summer which corresponded to the intense gametogenic activity and the decrease of the cor-
relations observed. The 16:0, 18:1(n-7), 18:2(n-6), 18:3(n-3), 20:5(n-3) and 22:6(n-3) fatty acids predominated and presented max-
imal levels during winter and autumn (sexual resting stage) and contributed to the increasing shell length, width and thickness
(2.04+0.18cm; 0.58+0.08cm and 0.90+0.06cm from January 02 to February 02 and 1.25+0.33cm; 0.65+0.11cm and 0.28+0.07cm
from November 02 to January 03, respectively. Crassostrea gigas was characterized by a relatively high n-3/n-6 PUFA ratio (2.45—
3.15) which was particularly high in winter. Fluctuations in the fatty acid composition of oysters between seasons are dependent
upon the gonadic stages, temperature and the dietary resources available in their immediate habitat.

KEY WORDS : Crassostrea gigas, growth, fatty acids, chlorophyll a, gametogenic cycle.
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INTRODUCTION

L’ostréiculture en Tunisie est une activité récente.
L’huitre creuse Crassostrea gigas (Thunberg, 1793) est
exploitée dans la lagune de Bizerte depuis 1972 suite a
I’importation de naissains du Japon puis de France (MED-
HIOUB, 1993). La production d’huitres en Tunisie a aug-
menté durant ces derniéres années: elle est passée d’une
tonne en 2000 a deux tonnes en 2001 et 16 tonnes en 2003
représentant ainsi 0.14% de la production totale des mol-
lusques en Tunisie (FAO, 2006). L’ostréiculture tuni-
sienne dépend, jusqu’a nos jours, de 1’importation de
naissains de 1’étranger, ce qui représente un handicap éco-
nomique majeur. Ce travail constitue une premicre contri-
bution a 1’étude de la croissance de C. gigas en fonction
des variations saisonnicres de ses teneurs en acides gras et
de son cycle sexuel, afin de cibler les périodes durant les-
quelles C. gigas de la lagune de Bizerte est vulnérable et
sa résistance aux stress environnementaux plus limitée.

GIESE (1969), BAYNE (1976) et SASTRY (1979) ont
montré que le stockage et 1’utilisation des réserves lipidi-
ques varient selon les espéces mais aussi selon les indivi-
dus d’une méme espéce. Par ailleurs, GABBOTT (1983);
Ruiz et al. (1992); PAazos et al. (1997); BERTHELIN et al.
(2000) et OJEA et al. (2004) ont précisé que ces variations
résultent des interactions complexes entre les conditions
du milieu (notamment sa richesse trophique) et la physio-
logie des bivalves (notamment la croissance et la repro-
duction).

Considérant ces parameétres, nous nous sommes atta-
chés, dans ce travail, a suivre la croissance de 1’huitre C.
gigas en paralléle avec le suivi saisonnier de la composi-
tion en acides gras de I’ensemble gonade-glande digestive

des individus analysés. Cette étude a été complétée par la
détermination du cycle gamétogénique des huitres et des
parameétres physiques du milieu d’élevage.

MATERIEL ET METHODES

1. Site et stratégie de prélévement

Le site d’étude est localis¢ dans la lagune de Bizerte,
située au nord de la Tunisie (Fig. 1). Les échantillons
d’huitres, cultivées en suspension dans la colonne d’eau,
sont prélevés (N=40) mensuellement durant la période
allant de janvier 2002 a janvier 2003, sur des cordes sus-
pendues dans la ferme marine de Bizerte (FMB; 37°
09.38° N et 9° 53.55” E) (Fig. 1). Au début de I’expéri-
mentation les huitres dgées de 12 mois mesuraient
6.69cm+0.75 (longueur antéro-postérieure) et pesaient
30.94g+10.82.

2. Parameétres physico-chimiques

Les mesures de température et de salinité sont effec-
tuées in situ tous les mois, & 1 métre de profondeur dans le
milieu d’échantillonnage des huitres, respectivement a
I’aide d’un thermométre électronique de précision gra-
duée a 1/10°™°C et d’un salinométre du type WTW.LF
191 préalablement étalonné a I’eau de mer standard. Les
mesures de la chlorophylle a sont réalisées tous les mois
selon la méthode fluorimétrique qui consiste & mesurer la
fluorescence avant (F,) et aprés acidification (F,) d’un
extrait méthanolique du pigment (AMINOT & CHAUSSE-
PIED, 1983).

g40E  g'48E §s50E  9'AE {0'ooE  {o'oxE {07 H0E 1074SE
| | | | | | | |
A EN = I7 25N
............ N
Mediterranean Sea <
37 o — — 37°20M
a7 IEN — 375N
Bizert lagoon
W on L 37 fon
IT0EN — 37" 05N
| | | | | | | |
g40E  g'48E §s50E  9'AE {0'ooE  {o'oxE {07 H0E 1074SE

Fig. 1. — Localisation géographique du site d’é¢tude (Ferme Marine de Bizerte, FMB) dans la lagune de Bizerte (A).
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3. Etude de la croissance

Les différentes mesures de taille ont été effectuées a
I’aide d’un pied a coulisse avec une précision de 1/
100°mecm, et les pesées au moyen d’une balance électro-
nique de précision a 0.001g pres.

Cette étude ayant pour objectif d’établir les relations
allométriques liant les paramétres métriques et pondé-
raux, les paramétres suivants ont été déterminés pour cha-
que individu:

Longueur (L): Dimension séparant le bord antérieur du
bord postérieur.

Largeur (1): Dimension séparant le bord dorsal du bord
ventral.

— Epaisseur (E): Dimension donnée par la convexité des
deux valves réunies.

— Masse totale fraiche (Ptot): Masse de 1’individu entier
dont la coquille a été débarrassée des sédiments et des
organismes épibiontes.

Masse de la chair fraiche (Pchf): Masse viscérale frai-
che égouttée pendant au moins 30 minutes sur papier
filtre.

— Masse de la chair séche (Pchs): Masse viscérale aprés
dessiccation pendant 72 heures a I’étuve a 60°C.

Masse de la coquille séche (Pcogs): Masse de la
coquille séchée (60°C pendant 72h).

Les relations allométriques obtenues ont obéi a la loi
d’allométrie suivante:

Y=aXb

Ouw:

Y est la variable aléatoire dépendante représentant la

dimension ou le poids d’une partie ou de la totalité du

corps.

— X est la variable dépendante représentant le paramétre
de référence.

— a est une constante caractéristique de 1’espéce repré-
sentant ’indice de I’origine ou coefficient de condition
c'est-a-dire la valeur de Y quand X=1.

b est un coefficient d’allométrie ou coefficient de

croissance. Il représente la pente dans la forme linéari-
sée de 1’équation.

Cette équation est une fonction curviligne, pour la ren-
dre linéaire nous la transformons en une relation logarith-
mique qui s’écrit sous la forme:

Log Y=Loga+bLogX

4. Composition en acides gras

La composition en acides gras a été étudiée trimestriel-
lement (n=6). Apres dissection des huitres et isolement de
I’ensemble gonade-glande digestive, nous avons réalisé
I’extraction des lipides totaux de ces tissus selon la
méthode de FoLcH et al. (1957), modifiée par BLIGH &
DYER (1959). L’obtention des esters méthyliques d’acides
gras a été effectuée selon le protocole de METCALFE et al.
(1966). Les esters méthyliques sont analysés par chroma-
tographie en phase gazeuse a I’aide d’un chromatographe
HP modéle 4890 D équipé d’une colonne capillaire HP
Innowax de 30m X 0.25mm de diamétre interne et dont

I’épaisseur du filon est de 0.25pum. L’étalon interne utilisé
est un acide gras a nombre impair de carbones absent
dans nos échantillons. L'identité de chaque acide gras
représenté par un pic sur les chromatogrammes expéri-
mentaux est obtenue par comparaison avec une analyse
dans les mémes conditions d'un mélange témoin d'acides
gras (esters méthyliques standard PUFA (n-1) de
SUPELCO).

5. Analyses statistiques

Des données obtenues a partir des mesures de coquille
ont été employées pour déterminer des rapports morpho-
métriques des axes de croissance de la coquille en lon-
gueur, en largeur et en épaisseur dont les mesures ont subi
une transformation logarithmique. Pour les rapports allo-
métriques, nous avons utilisé les tests de régression
linéaire pour 1’obtention d’équations descriptives et la
qualité de I’ajustement a été évaluée par le coefficient de
corrélation (r). Les rapports de croissance allométriques
entre d’une part la longueur, I'épaisseur et la largeur et
d’autre part le poids total frais ont été estimés en utilisant
la régression linéaire. La qualité de l'ajustement a été
décrite en utilisant le coefficient de corrélation (r), (SOKAL
& ROHLF, 1969). Le test t de Student et les tests de compa-
raisons multiples de Duncan a P<(.05 ont été utilisés pour
la comparaison des pentes des régressions linéaires.

Pour les données d’acides gras, les analyses de
variance a deux facteurs ont permis de tester 1’effet de la
saison sur [’élévation ou la diminution des teneurs
moyennes en acides gras. Ces derniéres ont été comparées
a l’aide du test de Duncan a p<(0.05. Toutes les analyses
statistiques ont été réalisées a I’aide du logiciel STATIS-
TICA 6.0.

RESULTATS

Pendant la période d’étude, la température de 1’eau
mesurée dans le milieu d’élevage des huitres varie entre
un minimum de 10.9°C enregistré au mois de janvier et
un maximum de 28°C (aout) (Fig. 2). La température
moyenne relevée s’établit a 19.7°C+5.8°C et les mesures
de salinité oscillent entre 38%o et 33%o. La salinité atteint
son maximum suite aux évaporations estivales causées
par I’accroissement thermique, puis la salinit¢ diminue
dés I’arrivée de la saison pluviale. La détermination de la
concentration du milieu en chlorophylle a, a mis en évi-
dence deux pics de production photosynthétique, un prin-
tanier au mois de mai (2.4pg/L) et un moins important
automnal au mois de novembre (1.2pg/L). La moyenne
calculée des douze mois de 1’étude est de 0.7ug/L+0.6.

La croissance des huitres a été étudiée en fonction du
cycle sexuel de C. gigas qui, selon DRIDI et al. (2006), est
composé de 6 stades sur I’échelle de LUBET (1959). Ce cycle
a commencé par le stade 0 (repos sexuel) qui s’est étendu de
novembre a février, suivi du stade I (mars—avril 2002). La
croissance des gameétes a été observée essentiellement en
avril et la maturation gonadique, qui se compose des stades
I A et IIl B, a débuté pour les huitres de la lagune de
Bizerte au mois de mai et s’est poursuivie jusqu’en aotit. Les
émissions des gamétes (stade III D) ont été partielles au
mois de Juin et totales au mois de septembre.
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Les moyennes des mesures de tailles de C. gigas (lon-
gueur, largeur, épaisseur et poids total frais), ont varié
considérablement durant la période de 1’étude, allant de
janvier 2002 a janvier 2003. Les différences de tailles cal-
culées selon les différentes phases du cycle sexuel sont
illustrées dans le Tableau 1. Nous avons observé deux
diminutions remarquables du poids total frais aux mois de
juin et septembre qui correspondent selon DRIDI et al.
(2006) aux émissions gamétiques (Fig. 3).

Des relations allométriques significatives ont été mises
en évidence pour les trois paramétres linéaires mesurés
sur ’ensemble de la période d’étude (cycle annuel)
(Tableau 2). En effet, les valeurs des coefficients de corré-
lation r de la période annuelle qui relient les différentes
variables linéaires de I’huitre sont comprises entre 0.57
(p<0.05) et 0.75 (p<0.05) témoignant d’une corrélation
significative entre la longueur et la largeur, la longueur et
I’épaisseur ainsi que la largeur et 1’épaisseur. Pendant la
phase d’activité sexuelle, les valeurs du coefficient de
corrélation r calculées pour chaque modele de croissance
linéaire varient entre 0.10 (NS) et 0.22 (p<0.05) alors que
durant le repos sexuel les valeurs de r augmentent et sont
comprises entre 0.64 (p<0.05) et 0.82 (p<0.05).

Quelle que soit la période de I’année considérée, les
relations allométriques reliant les différentes variables
pondérales du bivalve a la longueur de la coquille (consi-
dérée comme taille de référence) se sont révélées signifi-
catives (Tableau 3). La séparation entre les individus en
activité sexuelle et les individus au repos sexuel permet
de comprendre 1’effet du cycle sexuel sur les équations
pondérales durant I’année de I’étude qui révele des coeffi-
cients de corrélation r intermédiaires. Au repos sexuel, les
valeurs de r sont maximales [0.65 (p<0.05) a 0.88
(p<0.05)] alors que durant ’activité sexuelle, ces valeurs
diminuent notablement, de 0.15 (p<0.05) a 0.47 (p<0.05).

L’évolution saisonniére des acides gras totaux (% de la
masse de la chair séche) a montré des valeurs maximales
enregistrées en automne (7.97+1.31) (Fig. 4). Le prin-
temps est caractérisé¢ par 1’élévation du pourcentage des
acides gras totaux dans le tissus sec de l’ensemble

gonade-glande digestive (7.33+1.78) qui a diminué signi-
ficativement (p<0.05) en été (4.87+1.60) (Fig. 4).

La dominance des acides gras polyinsaturés (AGPI,
57.93-65.22% des aides gras totaux) sur les acides gras
saturés (AGS, 23.13-26.38% des aides gras totaux) et
monoinsaturés (AGMI, 12.35-15.84% des aides gras
totaux) a été mise en évidence durant ’année de ’¢tude
(Fig. 5). Les variations des AGS ne se sont pas révélées
significatives (p<0.05) durant la période d’étude. Les
AGMI ont varié¢ significativement (p<0.05) de 1’été a
I’automne et les AGPI du printemps a 1’été (p<0.05).

Les acides gras polyinsaturés du type (n-3) constituent
le groupe le plus important parmi les polyinsaturés domi-
nés par l’acide eicosapentaenoique (20:5 n-3, 10.68-
12.15% des acides gras totaux) et 1’acide docosapentae-
noique (22:6 n-3, 17.33-21.94% des acides gras totaux).
Les acides gras saturés, essentiellement représentés par
I’acide palmitique (16:0, 19.77-20.84% des acides gras
totaux), constituent le deuxiéme groupe d’acides gras
alors que I’ensemble des acides gras monoinsaturés,
majoritairement représentés par 16:1(n-7), 18:1(n-7) et
20:1(n-7), n’ont pas représenté plus de 15.84% des acides
gras (en automne).

Les valeurs maximales de I’acide palmitique sont enre-
gistrées au printemps (20.84%+1.17 des acides gras
totaux) et en automne (20.80%=3.95). La valeur maxi-
male de C20:5 (n-3) est enregistrée en hiver
(12.15%1.71% des acides gras totaux). Le pourcentage de
I’acide docosahexaenoique C22:6 (n-3) parmi les acides
gras totaux a ét¢ maximale au printemps (21.94+1.73).
Cet acide gras a diminué significativement (p<0.05) en
été et a montré une augmentation significative (p<0.05)
de nouveau en automne (21.22+1.10% des acides gras
totaux) durant lequel les huitres sont au repos sexuel. Les
AGPI ont présenté les pourcentages maximums en hiver
(65.22%=*15.49 des acides gras totaux) et minimums en
été (57.93%=*13.69 des acides gras totaux). Le rapport
AGPI (n-3)/AGPI (n-6) dans la chair de C. gigas ont pré-
senté une valeur maximale en hiver (3.15) et minimale en
été (2.45) (Tableau 4).
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Fig. 2. — Variation mensuelle de la température (°C), salinité (%o) et chlorophylle a (ng/L) de janvier 2002 a janvier 2003.
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Fig. 3a. — Courbe de la croissance en longueur des huitres de la station FMB de janvier 2002 a janvier 2003.
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Fig. 3b. — Courbe de la croissance en largeur des huitres de la station FMB de janvier 2002 a janvier 2003.
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B Hiver O Printemps @ Eté O Automne
100,0

X
S
8 800
o
-
)
T 60,0 -
(o))
"
o
S 40,0
o
©
8 = =
S 20,0 -
) “uil

0,0 -

SAGS SAGMI SAGPI
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et acides gras polyinsaturés (AGPI) chez Crassostrea gigas durant I’année de 1’étude (2002)
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TABLEAU 1

Augmentations moyennes de tailles en longueur, largeur et épaisseur calculées selon les différentes
phases du cycle sexuel de Crassostrea gigas dans la lagune de Bizerte.

Janvier 02 — Février 02 Mars 02 — Septembre 02 Novembre 02 — Janvier 03
(Repos sexuel) (Activité sexuelle) (Repos sexuel)
Longueur 2.04+0.18 1.12+0.08 1.25+0.33
Largeur 0.58+0.08 0.64+0.08 0.65+0.11

Epaisseur 0.90+0.06 0.57+0.12 0.28+0.07
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Relations allométriques liant les paramétres de la croissance linéaire (L=Longueur, 1=largueur,
E=épaisseur) N: Nombre d’individus

TABLEAU 2

Phases Equations de régression N r t
Cycle annuel Log 1=0.426+0.550 Log L 487 0.58 **
Log E=-0.601+0.919 Log L 487 0.75 *K
Log E=0.075+0.744 Log | 487 0.57 o
Activité gamétogenique  Log 1=0.888+0.326 Log L 282 0.22 **
Log E=1.027+0.133 Log L 282 0.10 NS
Log E=1.091+0.132 Log 1 282 0.14 **
Repos sexuel Log 1=0.400+0.555 Log L 205 0.64 **
Log E=-0.686+0.933 Log L 205 0.82 K
Log E=-0.172+0.852 Log 1 205 0.64 **

r: Coefficient de corrélation des équations de régression

**: Test Student significatif (t>1.96; p<0.05); NS=Non significatif

Relations allométriques liant les paramétres de la croissance pondérale a la longueur de la coquille.

TABLEAU 3

Phases Equations de régression N R t

Cycle annuel Log Ptot=-0.154+2.025 Log L 487 0.83 **
Log Pchf=-2.135+1.833 Log L 330 0.52 **

Log Pchs=-3.190+1.661 Log L 330 0.44 **

Log Pcoqs=0.268+1.584 Log L 330 0.56 **

Activité gamétogénique  Log Ptot=1.185+1.390 Log L 282 0.47 wox
Log Pchf=0.029+0.713 Log L 210 0.21 **

Log Pchs=-1.078+0.575 Log L 210 0.15 **

Log Pcogs=1.140+1.166 Log L 210 0.42 *K

Repos sexuel Log Ptot=-0.128+1.967 Log L 205 0.88 K
Log Pchf=-3.260+2.456 Log L 120 0.73 **

Log Pchs=-4.384+2.306 Log L 120 0.65 *E

Log Pcoqs=-0.739+2.048 Log L 120 0.69 Hx

TABLEAU 4

Variation saisonniére de la composition en acides gras de 1’ensemble gonade-glande
digestive de Crassostrea gigas dans la lagune de Bizerte. Les résultats sont exprimés
en pourcentages des acides gras totaux (moyenne+ET, n=6).

Hiver Printemps Eté Automne
Acides gras

Moy=ET Moy+ET Moy+ET Moy+ET

14:0 2.55+1.87 1.15+1.28 1.22+0.64 2.46+0.27
15:0 0.42+0.21 0.28+0.14 0.51+0.30 0.72+0.11
16:0 19.77+1.41 20.84+1.17 20.05+3.29 20.80+3.95
18:0 0.91+0.13 0.85+0.05 1.334£0.71 2.32+41.18
ZAGS 23.66+0.86 23.14+0.65 23.13+1.38 26.38+1.78
16:1(n-9) 0.21+0.19 0.33+0.30 0.45+0.33 0.49+0.15
16:1(n-7) 1.83+0.74 1.57+1.75 1.17+0.97 1.67+0.78
18:1(n-9) 1.78+0.89 1.57+0.36 2.23+0.84 2.26+1.81
18:1(n-7) 3.47+0.44 3.69+0.71 3.72+1.06 5.26+1.20
20:1(n-9) 1.91+0.12 1.94+0.76 1.88+0.56 2.66+0.54
20:1(n-7) 2.01+0.21 2.09+0.25 2.93+0.96 3.00+0.94
20:1(n-11) 1.19+0.17 1.14+0.12 0.61+0.51 0.48+0.31
ZAGMI 12.40+0.31 12.3540.55 12.93+0.26 15.84+0.56
18:2(n-6) 10.64+0.96 11.934£3.52 10.01+3.50 7.47+2.96
18:3(n-6) 0.17+0.06 0.16+0.07 0.14+0.09 1.14+0.55
20:2(n-6) 0.39+0.91 0.26+0.04 0.22+0.05 0.80+0.46
20:3(n-6) 0.18+0.18 0.13+0.12 0.20+0.12 0.12+0.12
20:4(n-6) 1.32+0.16 1.27+0.39 1.98+0.56 2.22+0.10
22:5(n-6) 0.51+0.04 0.47+0.15 0.53+0.30 0.82+0.10
22:4(n-6) 1.64+0.24 2.26+0.75 2.43+0.55 1.96+0.78
ZAGPI(n-6) 14.86+0.32 16.50+0.27 15.53+1.23 14.55+0.28
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TABLEAU 4

Variation saisonniere de la composition en acides gras de 1’ensemble gonade-glande
digestive de Crassostrea gigas dans la lagune de Bizerte. Les résultats sont exprimés
en pourcentages des acides gras totaux (moyenne+ET, n=6).

Hiver Printemps Eté Automne
Acides gras
Moy=ET Moy=ET Moy+ET Moy+ET
18:3(n-3) 4.38+0.95 4.00+0.82 3.39+0.89 3.12+1.11
18:4(n-3) 7.88+1.42 5.89+1.33 4.18+1.57 3.27+0.52
20:4(n-3) 1.04+£0.25 0.73+0.06 0.62+0.22 0.73+0.24
20:5(n-3) 12.15+1.71 11.00+1.49 10.68+1.18 11.43+1.61
22:5(n-3) 0.74+0.18 0.81+0.26 1.19+0.23 0.77+£0.25
22:6(n-3) 20.40+0.57 21.94+1.73 17.73+2.48 21.2241.10
21:5(n-3) 0.32+0.28 0.24+0.26 0.33+0.29 0.69+0.43
2AGPI(n-3) 46.94+0.61 44.63+0.67 38.15+0.84 41.25+0.52
22:2i 0.15+0.13 0.67+0.33 0.80+0.14 0.05+0.05
22:2j 0.60+0.52 0.38+0.45 0.65+0.55 0.07+0.06
18:2(n-4) 2.66+0.33 2.95+1.08 2.78+0.98 2.16+0.16
TAGPI 65.22+15.49 65.15+15.55 57.93+13.69 58.09+13.93
(n-3)/(n-6) 3.15 2.70 2.45 2.83
DISCUSSION Les relations qui relient les différentes variables pondé-

L’étude de la croissance chez C. gigas permet de suivre
I’évolution des caractéres morphologiques des différentes
parties du corps de 1’animal au cours de son cycle biologi-
que annuel. Il apparait que le cycle sexuel influence clai-
rement la régression linéaire entre la longueur et la lar-
geur, la longueur et I’épaisseur et 1’épaisseur et la largeur.
Ces variables linéaires sont différemment liées entre elles
suivant la phase d’activité sexuelle de C. gigas, en rela-
tion probablement avec les gains et les pertes de poids dus
a la genése ou I’émission des gamétes. Selon BERTHELIN
et al. (2000), chez les huitres comme chez les autres espé-
ces de bivalves, le stockage de métabolites est intimement
lié¢ aux stades du cycle sexuel. Le tissu de réserve (cellu-
les vésiculeuses) représente un important réservoir éner-
gétique qui s’épuise au moment de 1’activité sexuelle de
I’animal.

Par contre, au repos sexuel, les valeurs de r augmen-
tent, ce qui signifie que les différentes variables étudiées
sont plus fortement liées entre elles. Cette période
(automne) correspond également a une élévation de la
concentration du milieu en chlorophylle a traduisant
I’augmentation de la richesse nutritive du milieu. Celle-ci
favorise, dans les tissus de 1’huitre, 1’accumulation de
réserves énergétiques, nécessaire a la croissance du tissu
somatique et a la synthese de CaCO, pour la croissance
coquilliere (SATO, 1994). Cette constatation corrobore
celle de BROWN (1988) en montrant une corrélation posi-
tive entre la vitesse de croissance de C. gigas et, essentiel-
lement, la chlorophylle a mais aussi la température.

Les valeurs de b calculées indiquent qu’il s’agit d’une
allométrie majorante si b>1 ou minorante si b<l (isomé-
trie dans le cas ou b=1). Les valeurs de b calculées pour la
population de C. gigas de la lagune de Bizerte (<1) mon-
trent qu’il s’agit d’une croissance plus rapide en longueur
et en largeur plus qu’en épaisseur. Cela explique la forme
allongée de la coquille selon 1’axe antéro-postérieur.

rales du bivalve a la longueur de la coquille (considérée
comme taille de référence) indiquent, qu’au cours de la
phase d’activité sexuelle, les variations interindividuelles
sont importantes. Elles sont probablement générées par
des changements d’ordre physiologique en rapport avec
la gamétogenése et 1’émission des gameétes. Cette situa-
tion engendre la réduction de la corrélation entre les deux
variables étudiées démontrées par les faibles valeurs de
I’indice de corrélation r. Par ailleurs, le coefficient d’allo-
métrie b montre une valeur inférieure a 3 pour tous les
modeéles liant la longueur aux différentes variables pondé-
rales. Il s’agit donc d’une allométrie minorante dans sa
tendance générale. Nous supposons que la vitesse de
croissance en longueur est plus rapide que la vitesse de la
croissance pondérale.

Plusieurs facteurs influencent la vitesse de croissance
linéaire et pondérale chez les bivalves tel que 1’état physi-
que et nutritionnel du milieu (ASKEW, 1972; UTTING,
1986) en plus des parametres physiologiques (BAYNE et
al., 1999) et génétiques des bivalves (NEWKIRK, 1980;
GAFFNEY, 1988; HEDGECOCK et al.,1996). URRUTIA et al.,
1999, ont montré qu’en présence d’un milieu trophique
riche, le surplus d’énergie peut étre partagé a la fois entre
la croissance somatique des tissus et le développement
gonadique du bivalve. LUBET (1991) a précisé que la
croissance pondérale est influencée, entre autres facteurs,
par la température qui a une action directe sur la cinétique
de la gamétogenése dont la résultante est la compétition
entre les compartiments somatiques et germinaux indui-
sant ainsi une croissance pondérale importante. Cet auteur
a aussi montré que la température agit sur la croissance
indirectement en agissant sur la productivité primaire du
milieu et la disponibilité de la nourriture et, par consé-
quent, sur la nutrition du bivalve. Selon TOCHER & HAR-
VIE (1988); WHYTE et al. (1990), la croissance pondérale
résulte de ’accumulation des lipides en quantité absolue
dans les tissus des bivalves, engendrée par le processus de
gamétogenese, essentiellement chez les femelles. Ceci
nous a incités a étudier la composition en acides gras chez
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C. gigas et a relier cette composition a la croissance pon-
dérale des huitres.

L’évolution saisonniére des acides gras totaux (% de la
masse de chair séche) montre des valeurs maximales
enregistrées en automne (8+1.3) qui correspondent d’une
part au repos sexuel du bivalve (DriDI et al., 2006) et
d’autre part a 1’élévation photosynthétique primaire
(1.2pg/L) du mois de novembre dans la lagune de Bizerte.
Selon JARZEBSKI et al. (1986), il existe une corrélation
positive entre la disponibilité des aliments dans le milieu
et la composition en acides gras chez le bivalve Macoma
balthica. En hiver, la moyenne des teneurs en acides gras
totaux (% de la masse de chair séche) montre une diminu-
tion non significative qui peut étre due au déclenchement
de la gamétogenése (DRIDI et al., 2006) et a la diminution
de la concentration en chlorophylle a dans le milieu d’¢éle-
vage des huitres. Le printemps est caractérisé par 1’éléva-
tion du pourcentage des acides gras totaux dans les tissus
secs de I’ensemble gonade-glande digestive (7.3%1.8) qui
diminue significativement (p<0.05) en été (4.9+1.6). En
effet, le printemps correspond a la maturité sexuelle des
huitres de la lagune de Bizerte (DRIDI et al., 2006) et a
1’¢élévation de la concentration du milieu en chlorophylle
a (2.4pg/L). L’été est marqué par 1’émission primaire des
gameétes (juin) et le début de I’émission totale des game-
tes du mois d’aoit (DrIDI et al., 2006). Cette émission des
gameétes représente une perte de matiére organique qui
induit la diminution de la concentration des acides gras
totaux dans le poids sec de I’ensemble gonade-glande
digestive. Dans le présent travail un suivi journalier ou
méme hebdomadaire de la concentration du milieu en
chlorophylle a, aurait permis une évaluation plus précise
de la richesse nutritionnelle du milieu d’élevage des hui-
tres dans la lagune de Bizerte.

La dominance des acides gras polyinsaturés (AGPI, 58-
65.2% des aides gras totaux) sur les acides gras saturés
(AGS, 23-26.3%) et monoinsaturés (AGMI, 12.3-16%) a
été mise en évidence durant I’année d’étude. La prédomi-
nance des AGPI a également été observée chez des hui-
tres, des moules et des seiches de différents sites de la
Meéditerranée (ORBAN et al., 2002; 2004; OZYURT et al.,
2006). Nous n’avons pas observé de variations significati-
ves des AGS durant la période d’étude, quant aux AGMI
ils varient significativement (p<0.05) de 1’été a I’automne
et les AGPI varient significativement (p<0.05) du prin-
temps a I’été.

Les acides gras polyinsaturés du type (n-3) constituent
le groupe le plus important parmi les polyinsaturés
(dominé par I’acide eicosapentaenoique et 1’acide docosa-
pentaenoique), suivi des acides gras saturés (essentielle-
ment représenté par I’acide palmitique) et en dernier lieu
les acides gras monoinsaturés.

Les valeurs maximales de C16:0 sont enregistrées au
printemps (21%=1.2 des acides gras totaux) et en
automne (21 %=4) qui correspondent aux productions pri-
maires maximales printaniére et automnale. Selon
THOMPSON et al. (1996), la présence de C16:0 dans les ali-
ments ingérés par les huitres leur assure une croissance
plus rapide et diminue le taux de mortalité, essentielle-
ment chez les juvéniles. Cela rappelle 1’élévation des
valeurs de C16:0 en automne notée dans la présente étude
simultanément avec la croissance de la coquille en lon-

gueur (1.1+0.3cm), largeur (0.7+0.1cm) et épaisseur
(0.3£0.1cm) de novembre 02 & janvier 03 (Fig. 3). Selon
VON ELERT (2004), I’¢élévation des pourcentages de 18:3
(n-3) et 18:4 (n-3) indique une meilleure assimilation de
ces acides gras par Daphnia galeata se traduisant par une
augmentation de la vitesse de croissance chez ce crustacé.
Dans la présente étude, ces deux acides gras atteignent en
hiver leurs valeurs maximales qui sont respectivement de
4.38%+0.95 et 7.88%*1.42 des acides gras totaux,
sachant que cette saison de 1’année correspond au repos
sexuel du bivalve dans la lagune de Bizerte durant lequel
nous avons observé une croissance meilleure en longueur,
largeur et épaisseur de novembre 02 a janvier 03.

D’aprés WEBB & CHU (1983); WHYTE et al., 1990;
CAREAS et al., 2002, les acides gras a 20 et 22 atomes de
carbones sont essentiels pour la survie et la croissance des
mollusques. Dans le méme contexte, LANGDON & WAL-
DOCK (1981) et ENRIGHT et al. (1986) associent 1’abon-
dance de C20:5 et C22:6 dans les nutriments a 1’élévation
de la vitesse de croissance chez les naissains de Crassos-
trea gigas et Ostrea edulis.

Les résultats de ce travail, sont en accord avec ces der-
niéres constatations. En effet, la valeur maximale de
C20:5 (n-3) est enregistrée en hiver (12.1+2% des acides
gras totaux) qui coincide avec le repos sexuel et une
croissance meilleure des coquilles des huitres en lon-
gueur, largeur et épaisseur de janvier 02 a février 02 et de
novembre 02 a janvier 03. Mais ce résultat est contradic-
toire avec les constatations de THOMPSON et al. (1996) qui
ont montré une corrélation négative entre la teneur de
C20:5 (n-3) dans I’aliment ingéré par les huitres et I’accé-
lération de la vitesse de croissance chez les larves de C.
gigas. Le pourcentage d’acide docosahexaenoique C22:6
(n-3) parmi les acides gras totaux est maximal au prin-
temps (22+1.7) et correspond a la concentration maxi-
male de chlorophylle a dans le milieu d’élevage des hui-
tres. Cet acide gras diminue significativement p<0.05 en
été et montre une augmentation significative p<0.05 de
nouveau en automne (21+1% des acides gras totaux)
période durant laquelle les huitres sont au repos sexuel, ce
qui se traduit par 1’accélération de la croissance du
bivalve (exprimée par I’augmentation des moyennes de
longueurs, largeurs et épaisseurs des coquilles des hui-
tres). Selon BELL et al. (1986), la diminution de la tempé-
rature induit généralement a I’augmentation des teneurs
en AGPI dans les tissus des bivalves permettant de main-
tenir la souplesse des membranes, ce qui expliquerait
dans notre cas les valeurs élevées des AGPI en hiver
(65%=+15.5 des acides gras totaux) et leur diminution en
été (58%=13.7des acides gras totaux). La qualité et la
quantité des aliments ingérés par les bivalves contribuent
considérablement au changement du profil des acides
gras dans la chair (BENNINGER & STEPHAN, 1985; NAPOLI-
TANO & AKMAN, 1993). La température et la nourriture
pourraient agir en synergie sur la composition en acides
gras dans la mesure ou 1’élévation de la concentration du
milieu en chlorophylle a coincide avec 1’¢élévation de la
température de 1’eau. Ainsi les valeurs maximales de
I’acide docosapentaenoique au printemps pourraient &tre
dues a la richesse nutritive du milieu.

Le calcul du rapport AGPI (n-3)/AGPI (n-6) dans la
chair de C. gigas confirme davantage le role important
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que joue la composition en acide gras dans le processus
de croissance. Ce rapport est maximal en hiver (3.15) qui
correspond au repos sexuel de I’huitre et a I’¢1évation des
moyennes de longueurs, largeurs et épaisseurs des
coquilles de C. gigas. Selon SARGENT et al. (1993), la
nécessité de maintenir un rapport élevé AGPI (n-3)/AGPI
(n-6) dans la chair des organismes aquatiques est essen-
tielle pour leur survie et leur croissance.

CONCLUSION

Selon BEjaour (1998), BEN NAKHLA (2002) et DRrIDI et
al. (2006), la lagune de Bizerte est un milieu favorable a
la reproduction et a la croissance des mollusques bivalves
grace a son faible hydrodynamisme, ses eaux tempérées
et sa richesse phytoplanctonique. Ces auteurs ont tiré
cette conclusion suites a leurs études respectives sur
Mytillus galloprovincialis, Flexopecten glaber et Cras-
sostrea gigas.

L’étude biométrique présentée dans ce travail, a permis
de décrire la croissance, linéaire et pondérale de Crassos-
trea gigas. Les moyennes des mesures de la longueur, lar-
geur et épaisseur des coquilles et les coefficients de corré-
lation r calculés a partir des modéles de croissances, ont
montré des variations saisonniéres en rapport direct avec
le cycle sexuel du bivalve déterminé selon DRIDI et al.
(2006) et la composition de ses tissus en acides gras. La
présente étude a montré que 1’accumulation et la diminu-
tion des réserves lipidiques au niveau des chairs des hui-
tres influencent la cinétique de croissance des huitres. En
outre, la variation des teneurs en acides gras dans les tis-
sus des huitres, sont tributaires de leurs stades sexuels et
de la richesse du milieu en chlorophylle a (qui représente
pour C. gigas la source nutritionnelle majeure, a son tour
influencée par la température de 1’cau).
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ABSTRACT. When foraging, small mammalian herbivores do not show a preference for the forage with the highest biomass,
which can be explained by several hypotheses (e.g. antipredator considerations, more difficult handling of tall swards and/or the
higher nutritional quality of shorter grasses). We tested the ability of rabbits to discriminate between plants of different nutritional
value and whether they prefer the most nutritious. A feeding trial in which rabbits (Oryctolagus cuniculus (Linnaeus, 1758)) were
offered two different types of grasses (fertilised and unfertilised) was executed under experimental conditions. The rabbits pre-
ferred the grasses with the highest protein percentage, when conditions were controlled for sward height/plant biomass. This obser-
vation is equivalent to results obtained in geese and provides experimental evidence about the capability of rabbits to select for

plants with the highest nutritional quality.

KEY WORDS : diet selection, feeding trial, grazing, herbivore, rabbit

INTRODUCTION

Predicting the impact of herbivores on their environ-
ment requires insight into the criteria by which grazers
select food patches. The mechanism of functional
response (reviewed in CRAWLEY, 1983) predicts herbiv-
ores to prefer patches with the highest biomass and plant
size (LUNDBERG, 1988; GRross et al., 1993), in order to
obtain as much forage as possible in a given time period.
However, some studies evidenced that small herbivores,
such as rabbits (Oryctolagus cuniculus (Linnaeus, 1758))
and geese, prefer rather swards of intermediate height
(OLFE et al., 1997; WILMSHURST et al., 2000; HASSALL et
al., 2001 ; TasoN et al., 2002; BAKKER et al., 2005). Sev-
eral explanations for this phenomenon have been men-
tioned. IasoN et al. (2002) and VAN DE KOPPEL et al.
(1996) suggested that rabbits and hares, Lepus europaeus
(Pallas, 1778), prefer vegetation with medium standing
crop swards because predators are most likely to occur in
the cover offering higher vegetation. Moreover, a tall
sward is more difficult to handle for small animals. A dis-
like for tall swards by brent geese, Branta bernicla berni-
cla (Linnaeus, 1758), and barnacle geese, Branta leucop-
sis (Bechstein, 1803), was explained by the larger costs of
handling, more difficult locomotion, and decreased preda-
tor detection in the taller vegetation (VAN DER GRAAF et
al., 2002).

However, preference for shorter swards may also be
related to their higher food quality: grazing creates fast-
growing and nutritionally-rich vegetation (so called
‘grazing lawns’, MCNAUGHTON, 1984), due to plant com-
pensatory mechanisms operating after defoliation (MATT-
SON, 1980; MCNAUGHTON, 1983). Large herbivores need
a larger plant biomass, but can tolerate low plant quality,
while smaller herbivores can persist on small quantities of
food on the condition that the plants are of high nutri-
tional quality (OLFF et al., 2002). Small hindgut ferment-

ers (e.g. the rabbit) depend on highly digestible forage
because they have high metabolic requirements and their
digestive system is very small (DEMMENT & VAN SOEST,
1985). The creation of grazing lawns by large herbivores
may hence result in ‘feeding facilitation” (ARSENAULT &
OWEN-SMITH, 2002) benefiting smaller grazers. Hunger
may strengthen this preference for nutritionally-rich for-
age (CRAWLEY, 1983).

The wild rabbit is considered to have a preference for
shorter swards. For example, MORENO & VILLAFUERTE
(1995) noticed that rabbit grazing pressure was higher in
fresh, re-growing vegetation (after burning). Being a cen-
tral-place forager (SCHOENER, 1979), this herbivore con-
centrates foraging in the neighbourhood of the burrow
(DEKKER, 2007), less than 20m from cover (MORENO &
VILLAFUERTE, 1995). With increasing distance from the
burrow, grazing pressure of rabbits gradually decreases,
causing a gradient pattern. Consequently, vegetation
height increases and nitrogen content of forage decreases,
due to repeated grazing of the rabbits, stimulating fresh
regrowth (BAKKER et al., 2005). BAKKER et al. (2005)
conclude that the grazing pattern has to be explained by
food quality.

Univocal discrimination of factors determining feeding
preferences is only possible in strictly controlled choice
experiments (so-called ‘cafeteria-trials’; CRAWLEY,
1983). Experimentally enhancing food quality in field
experiments by fertilisation increases both biomass (BALL
et al., 2000) and plant height. Moreover, feeding prefer-
ences are very difficult to measure in the field (CRAWLEY,
1983). For these reasons, we conducted a laboratory
experiment to test the ability of rabbits to discriminate
between grasses of low and high nutritional quality, while
controlling for sward height or vegetation biomass. We
predicted that rabbits would prefer grasses of the highest
forage quality either when offered grass swards of compa-
rable height or cut grasses of the same biomass.
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MATERIALS AND METHODS

Study species

Twelve domestic rabbits (six males and six females, all
between 1 and 3 years old) of the breed ‘Steenkonijn’
were used. The Steenkonijn is the oldest Belgian rabbit
breed, and is most closely related to the wild rabbit
(WERNER, 1980). Therefore, the behaviour of these ani-
mals is supposed to be comparable to the behaviour of
their wild ancestor. The rabbits were housed in wire mesh
pens (65cm x 110cm, height: 60cm) such that each indi-
vidual could see a single other individual. This allowed
social contact between the animals (DUNCAN et al., 2006).
A vaccination against myxomatosis and viral haemor-
rhagic syndrome was administered. All the individuals
received water ad libitum, and were fed with a mixture of
commercial rabbit pellets and grains (Bonito 96, Aveve,
Belgium). From the first day of the feeding trials, the pel-
let feeding was discontinued, so that the rabbits depended
for their feeding on the experimental plants, supple-
mented with straw, which was provided in the pens.

We used Festuca rubra as forage in all trials. Festuca
rubra plants were grown from seeds (Herbiseed, Twy-
ford, England), sown on a mixture of 50% dune sand and
50% potting soil, in seed trays of 40cm by 45cm during
July — October 2004. Immediately after sowing, half of
the seed trays (selected at random) received 30g of
organic fertiliser (8% nitrogen, 6% phosphorus, 7%
potassium, 3 % magnesium and 38 % organic matter), fur-
ther referred to as ‘fertilised plants’ (F). All trays
received an inorganic fertiliser twice (once one month
after sowing and once in March 2005). The ‘fertilised
plants’ received 7.5g of inorganic fertiliser (20% nitro-
gen, 5% phosphorus and 8% potassium) at a time; the
‘unfertilised plants’ (F") received 2.5g at a time.

The trays were put inside the greenhouse immediately
after sowing, and were watered every two days. From
December 2004 until March 2005, the trays were put out-
side for better aeration. Fungicide (sulphur) was added
twice to cope with a mildew infection, and an infection of
aphids was treated by using a mix of piperonylbutoxide
and pyrethrine.

Experimental design

The feeding trial took place in an experimental pen
(Fig. 1) of 104cm depth, 91cm width and 73cm height,
connected to a smaller pen (36cm by 26cm by 30cm)
from which the rabbit was not able to see the surround-
ings. Two grass swards (trimmed just before the start of
the trial to a height of 13cm (further called short swards
(°S?)) or of 33cm (tall swards (‘T”))) or two dishes with
clipped grass (100g per dish) were put in the larger pen,
on the opposite side of the entrance from the small pen. A
partition of 40cm high (in the middle between the two
swards or dishes) divided the large pen into two halves.

| sward/Dish Sward/Dish
Left 4 Right
position ¢ position
3
o |._44cm 44cm | Height of
B [ >l >| large pen:
0
3 73cm
Height of
partition:
v 91cm | 40cm
A
[g Height of
|©  small pen:
3 30em
26cm

Fig. 1. — Design of the experimental pen.

In the sward trial (22-29 April 2005), there were four
groups of three rabbits and two treatments (two combina-
tions of swards): F'T versus F'T and F'S versus F-S. Each
two groups of rabbits received the treatments in a differ-
ent order. This total design was replicated once, but with a
reverse of the left-hand and the right-hand sward. During
the clipping trial (2-5 May 2005), the rabbits received
dishes with clipped fertilised grass on one side of the pen,
and unfertilised grass on the other side (F* versus F°). In
the replicate of the clipping trial, the position of F* and F-
was reversed. Since the design was randomized and fully
balanced, possible effects of the order of treatments were
minimized.

Before the start of the feeding trial, four learning days
were organised: the rabbits were placed in the pen to
habituate to the pen, the grass and the observer. Research
carried out with ruminants shows that food preferences
develop because of the experience of post-ingestive
effects (satiety or malaise) and their interaction with the
senses of mainly taste and smell (PROVENZA, 1995). Her-
bivores learn about grass quality through foraging conse-
quences, which they link with pre-ingestive cues neces-
sary to recognize the value of the forage (GINANE et al.,
2005). Although this was only evidenced for ruminants, it
is reasonable to assume that ruminants and non-ruminants
do not differ in the non-cognitive aspects of how feedback
is processed (PROVENZA, 1995). Non-ruminants have
indeed been found to be able to discriminate between
foods, even when the differences are relatively small
(PosT, 1993). This means that the rabbits would only be
able to select the most nutritious food if they had the
opportunity to experience the differences in post-inges-
tive effects between F* and F-grasses. This condition was
fulfilled through the learning days preceding the experi-
ment.

At the start of each experimental session, the individual
was weighed (to estimate its degree of hunger) and placed
in the small pen. When the entrance to the experimental
pen was opened and the rabbit approached the feeding
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trays, we started an observation session of 20 minutes,
from a central point which did not interfere with the
experiment. A detailed description of the foraging behav-
iour of the rabbit was noted.

Forage quality analysis

After each session, plant material that had not been
consumed was removed from the pen and dried at 60°C
(WTB Binder with controller RD 2 EED/FED (Binder,
Tuttlingen, Germany)), until no more mass loss was
detected, after which the dried plants were ground. The
percentage of crude protein (CP) and of cell wall constitu-
ents (cellulose, hemicellulose and lignin, which were
derived from NDF (neutral detergent fibre), ADF (acid
detergent fibre) and ADL (acid detergent lignin)) were
obtained by Near Infrared Spectroscopy (NIRS — for
more information see GIVENS et al. (1997)). A FOSS Feed
and Forage Analyzer was used, combined with Winisi
software (FOSS, Brussels, Belgium). The calibration for
the NIRS was carried out by performing wet analyses for
approximately 10% of the samples, following the method
of Kjeldahl for CP and following the protocols of GOER-
ING & VAN SOEST (1970) and VAN SOEST et al. (1991) for
cell wall constituents.

The amount of digestible protein (DP) was calculated
by multiplying CP by the mean digestibility coefficient of
CP in grasses (value of 0.70; MAFF, 1986). DE (Digesti-
ble Energy) was calculated based on ADF, by multiplying
GE (Gross Energy, value based on MAFrF M (1986)) by
GE[, (coefficient of digestibility of Gross Energy, in
which GEj is defined as follows: GE,=0.867-0.0012
ADF (g/kg DM) (DE BLas et al., 1992)). The DP/DE ratio
was also calculated since this ratio has been proven to be
very valuable in evaluating forage quality for rabbits
(FrAGA, 1998).

Statistical analysis

All statistical analyses were performed using SAS 9.1
(SAS Institute Inc., Cary, North Carolina).

The feeding preference of rabbits for different types of
grasses was tested by Mixed Linear Models, with “indi-
vidual” as random effect and “relative foraging time” as
dependent variable. This last variable was calculated by
timing individual feeding bouts per sward or dish, starting
from the moment when the experimental individual had
tasted from either both swards or both dishes until the end
of the session, divided by the total time left until the end
of the session. As vegetation height or biomasses were
controlled for, differences in handling time were not
expected, so that the relative foraging time can be consid-
ered a good measure for intake rate. Furthermore, the
level of satiety after eating (PROVENZA, 1995; GINANE et
al., 2005) will have been higher for the more nutritious
grasses. Since mammals learn to link the taste of the for-
age to the satiety level, directed foraging behaviour can
only start from the moment they have tasted both grasses.
Therefore, the relative foraging time, as defined above, is
the most appropriate measure describing their preference.

Four independent categorical variables were included
in the model: fertilisation (0/1), position of the sward or
dish (left or right), day and sex. We started with a full

model including all two-factor and higher-order interac-
tions and applied a backward stepwise selection proce-
dure.

The effect of fertilisation on forage quality was ana-
lysed by a General Linear Model. We tested the effect of
fertilisation as a categorical variable separately on the
percentages of CP, cellulose, hemicellulose, lignin, DP,
DE and DP/DE. Mixed regression analysis modelling
repeated measurements at individual level was used to
examine shifts in weight during the feeding trials.

RESULTS

Table 1 summarizes the effect of fertilisation, day, sex
and the position of the sward or dish (and all possible
interaction terms) on the relative foraging time. Fertilised
swards and dishes were preferred over unfertilised ones,
as can be seen in Fig. 2: the mean of the relative foraging
time was lower for Fplants (sward trial:
mean=20.02%+3.31 SE, N=48; clipping trial:
mean=18.25+4.74%, N=24) than for F'plants (sward
trial: mean=31.26+3.31%, N=48; clipping trial:
mean=37.13+4.74%, N=24).

The effects of fertilisation on forage quality measures
are shown in Table 2, which highlights some significant
differences between fertilised and unfertilised plants. CP
and cellulose percentages were significantly higher in the
F*plants, as well in the sward trial as in the clipping trial.
In the clipping trial, also the hemicellulose percentage
was higher in the Fplants, while the lignin percentage
was lower in these plants. The value of digestible protein
percentage was significantly higher in the Fplants, com-
pared to the Fplants. This applied to the sward trial as
well as to the clipping trial. The same result was obtained
for the DP/DE-ratio. Also, the DE percentage differed
significantly between F' and F-plants, with a higher DE
percentage in Fplants, in the sward trial, but not in the
clipping trial.

The effect of day on the relative foraging time was not
significant, although the rabbits lost weight during the tri-
als. These losses were statistically significant in both tri-
als (sward trial: F, | ;=519.51, estimate for time effect=-
22.74, P<0.001; cﬁpping trial: F1’11.3:7.11, estimate for
time effect=-18.50, P=0.02).

DISCUSSION

The results of the experiment showed that only fertili-
sation had a significant influence on the preference of the
animals: the relative foraging time was longer for the fer-
tilised forage, both in the sward and in the clipping trial.
The forage quality analysis revealed a higher percentage
of both crude and digestible protein in F*plants, compared
to Fplants. This was to be expected, since nitrogen is a
principal component of the used fertilisers and its content
is strongly related to protein content. We also observed a
higher percentage of cellulose and hemicellulose,
although the latter only in the Fplants from the clipping
trial, in which lignin decreased. As forage quality is
believed to be enhanced by the protein level (LANGVATN



173

Diet preference of rabbits

TABLE 1

Results of the Mixed Linear Model testing for the effect of the four main factors (ferti-
lisation, position, day and sex) and interactions, on the relative foraging time, during a
backward stepwise selection. The relative foraging time was calculated by timing indi-
vidual feeding bouts per sward or dish, starting from the moment when the experimen-
tal individual had tasted from either both swards or both dishes until the end of the ses-
sion, divided by the total time left until the end of the session. The p-values are those
from the last step before the respective variable was removed. Num d.f.=numerator
degrees of freedom, den d.f.=denominator degrees of freedom.

Fixed effects num d.f. den d.f. F P

Sward trial Fertilisation (F) 1 94 5.74 0.02
Day (D) 7 87 1.21 0.3
Position grass (P) 1 86 0.84 0.36
Sex (S) 1 85 0.35 0.56
F*P 1 84 0.85 0.36
P*D 7 77 1.05 0.4
D*S 7 70 0.9 0.51
F*S 1 69 0.3 0.59
P*S 1 68 0.02 0.89
F*D 3 65 0.19 0.9
F*P*D 3 62 1.72 0.17
F*D*S 7 55 1.08 0.39
P*D*S 3 52 0.29 0.83
F*P*S 1 51 0.03 0.87
F*P*D*S 3 48 0.23 0.87
Random effect estimate residual
Individual 0 525.03

Clipping trial Fertilisation (F) 1 46 7.86 0.01
Sex (S) 1 45 3.45 0.07
Day (D) 1 44 0.08 0.78
Position grass (P) 1 43 0 0.97
F*S 1 42 2.97 0.09
D*S 1 41 0.3 0.59
P*D 1 40 0.26 0.61
P*S 1 39 0.22 0.64
F*D 1 38 0.2 0.66
F*P 1 37 0.04 0.85
F*D*S 1 36 0.98 0.33
F*P*D 1 35 0.21 0.65
P*D*S 1 34 0.1 0.76
F*P*S 1 33 0.04 0.85
F*P*D*S 1 32 0.13 0.72
Random effect estimate residual
Individual 0 633.67

& HANLEY, 1993) and to be diminished by the fibre con-
tent (OLFF et al., 1997), the question arises whether fertili-
sation effectively resulted in a higher food quality. More-
over, in the sward trial, the F™plants even had a lower
digestible energy content. However, it is reasonable to
assume that the increase of digestible protein is the most
important factor determining forage quality. Since some
amino acids cannot be synthesized by the animal’s body
itself, organisms need amino acids, immediately available
from the forage to maintain body conditions constant
(FrRAGA, 1998). The close agreement between the sum of
individual amino acids levels in the body of the rabbit and
the CP content (FRAGA, 1998), indicates that CP content
provides a good estimate of forage quality. The DP/DE-
proportion is mentioned to be an even better predictor
(FrAGA, 1998). This ratio also proved to be significantly
higher in the F'plants, in both trials. We can hence con-
clude that the rabbits selected the forage with the highest
nutritional quality.

This preference for high quality forage has been sug-
gested for rabbits (KUPER et al., 2004 ; RODEL, 2005) and
also for other relatively small mammal herbivores, e.g.
small ruminants (WILMSHURST et al., 2000) and mountain
hares (Lepus timidus (Linnaeus, 1758)) (LINDLOF et al.,
1974). However, studies eliminating the correlation
between forage quality and sward height/biomass are
scarce. Therefore, it is difficult to know whether the ani-
mals are really able to select for the higher nitrogen con-
tent, or whether this selection is just coincidental related
to the selection of swards with medium standing crop.
Some studies concerning geese (HASSALL et al., 2001;
Bos et al., 2002; HAssALL & LANE, 2005) showed the
capability of these birds to discriminate between high and
low quality forage, by eliminating the relationship
between forage quality and sward height. BAKKER et al.
(2005) executed a field experiment which eliminated the
relationship between distance from the rabbit burrow and
forage quality, and showed that forage of a higher quality
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TABLE 2

Results of the General Linear Model testing for the effect of fertilisation on forage quality measures of stand-
ing crop (sward trial) and clipped grass material (clipping trial). F-plants=unfertilised plants, F*plants=ferti-
lised plants. CP=% Crude Protein, DP=% Digestible Protein, DE=% Digestible Energy. Num d.f.=numerator
degrees of freedom, den d.f.=denominator degrees of freedom.

mean mean
num d.f. den d.f. F P F-plants + SE F'plants+ SE
Sward trial
CP (%) 1 94 60.95 <0.001 10.77+0.28 13.91+0.28
Cellulose (%) 1 94 19.99 <0.001 21.86+0.25 23.43+0.25
Hemicellulose (%) 1 94 0.21 0.65 22.62+0.25 22.79+0.25
Lignin (%) 1 94 0.36 0.55 3.17+0.07 3.23+0.07
DP (%) 1 94 60.95 <0.001 7.54+0.20 9.73+£0.20
DE (%) 1 94 24.46 <0.001 10.54+0.05 10.17+0.05
DP/DE 1 94 86.67 <0.001 0.71£0.02 0.96+0.02
Clipping trial
CP (%) 1 46 57.65 <0.001 10.17+0.30 13.44+0.30
Cellulose (%) 1 46 10.32 <0.001 21.55+0.22 22.56+0.22
Hemicellulose (%) 1 46 17.22 <0.001 21.54+0.19 22.65+0.19
Lignin (%) 1 46 19.5 <0.001 2.77£0.07 2.32+0.07
DP (%) 1 46 57.65 <0.001 7.124+0.21 9.41+0.21
DE (%) 1 46 2.69 0.11 10.70+0.05 10.57+0.05
DP/DE 1 46 49.18 <0.001 0.67+0.02 0.89+0.02
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Fig. 2. — Mean and standard error of the relative foraging time of rabbits, when offered the choice between fertilised
and unfertilised grasses, controlling for sward height (sward trial) or plant biomass (clipping trial). The relative for-
aging time was calculated by timing individual feeding bouts per sward or dish, starting from the moment when the
experimental individual had tasted from either both swards or both dishes until the end of the session, divided by the
total time left until the end of the session.
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is preferred, even when farther from the burrow (and thus
with a higher sward height). However, the highest (and
farthest) swards in this trial were on average approxi-
mately as high as the short swards in our study. Therefore,
it is possible that sward height in their trial did not show
enough variation to really affect the rabbit behaviour.
However, their results are confirmed by the results of the
present study, controlling for plant height and biomass,
which clearly indicate that plant quality, particularly
nitrogen and related protein content, is a crucial factor for
selecting foraging patches in rabbits.

The other factors included in the model (position of the
sward or dish, experimental day and sex) did not signifi-
cantly influence the food preference of the rabbits. The
day of feeding was of no importance; although CRAWLEY
(1983) mentions that a hungry animal will be more selec-
tive. Since the animals lost weight during the experi-
ments, it could be expected that the animals would
become more selective towards the end of the experiment,
but this was not confirmed. Similar results were obtained
by DuncaN et al. (2006) who found no evidence that
nutritional plane had an overall effect on the proportion of
several plant species eaten during preference tests carried
out with herbivores. The authors relate this to the more
extreme forage deficits in the wild. Similarly, the scarcity
of food during winter time in the temperate regions will
cause stronger feelings of hunger than the rabbits in our
experiment experienced.

Although we evidenced that food quality is important
for determining preferences, we were not able to exclude
the importance of anti-predation considerations and other
sward height-related issues in diet selection: other factors,
besides nutrient content, may also have played a role dur-
ing the decision process of the rabbits. Other research
indeed showed that rabbits also choose the swards with
the lowest biomass, when there are no nutritional differ-
ences between the swards of different heights (IASON et
al., 2002). However, the field experiment of BAKKER et al.
(2005) demonstrates that the presence of predators causes
a shift in the moment of feeding, but does not affect patch
preferences. The presented results clearly showed that
nutritional content plays an important role in the observed
preference of small herbivores for swards of intermediate
size, but further research is needed to unravel the relative
importance of other potentially contributing factors.

ACKNOWLEDGEMENTS

We thank VLIZ and AWZ-WWK for the use of their infra-
structure. We are grateful to INBO and ILVO for grinding and
analyses of plant material. Invaluable technical support was pro-
vided by Frank Broucke (VLIZ), Ward Vercruysse (INBO),
Wim De Belder (INBO) and Maarten Pevenage. Luc Maertens
(ILVO) provided interesting information and literature on rabbit
feeding trials and feed quality for rabbits. We also thank Chris
Van Waes (ILVO) for the information on the plant analysis pro-
cedure. The first author is supported by the Research Founda-
tion — Flanders (Aspirant of the FWO-Vlaanderen).

REFERENCES

ARSENAULT R & OWEN-SMITH N (2002). Facilitation versus
competition in grazing herbivore assemblages. Oikos, 97:
313-318.

Bakker ES, ReiFFErRs RC, OLFF H & GLEICHMAN JM (2005).
Experimental manipulation of predation risk and food qual-
ity: effect on grazing behaviour in a central-place foraging
herbivore. Oecologia, 146: 157-167.

BALL JP, DANELL K & SUNESSON P (2000). Response of a her-
bivore community to increased food quality and quantity: an
experiment with nitrogen fertilizer in a boreal forest. Journal
of Applied Ecology, 37: 247-255.

Bos D, DRENT R, RUBINIGG M & STAHL J (2002). The relative
importance of food biomass and quality for patch and habitat
choice in Brent Geese. In: Bos D (eds), Grazing in coastal
grasslands, Brent Geese and facilitation by herbivory, PhD
dissertation, Rijksuniversiteit Groningen, Groningen, the
Netherlands: 23-41.

CRAWLEY MJ (1983). Herbivory. The dynamics of animal-plant-
interactions. Blackwell Scientific Publications, Oxford,
Great Britain.

DE BrLAs C, WISEMAN J, FRAGA MJ & VILLAMIDE MJ (1992).
Prediction of the digestible energy and digestibility of gross
energy of feeds for rabbits. 2. Mixed diets. Animal Feed Sci-
ence and Technology, 39: 39-59.

DEkKER JJA (2007). Rabbits, refuges and resources. How forag-
ing of herbivores is affected by living in burrows. PhD dis-
sertation, Wageningen Universiteit, Wageningen, the Nether-
lands.

DEMMENT MW & VAN SoEST PJ (1985). A nutritional explana-
tion for body-size patterns of ruminant and nonruminant her-
bivores. The American Naturalist, 125: 641-672.

DuncaN AJ, GINANE C, ELsTON DA, KUNAVER A & GORDON 1J
(2006). How do herbivores trade-off the positive and nega-
tive consequences of diet selection decisions? Animal
Behaviour, 71: 93-99.

FraGA MJ (1998). Protein requirements. In: DE BLAS C & WISE-
MAN J (eds), The nutrition of the rabbit, CABI Publishing,
Wallingford, UK: 133-143.

GINANE C, DuncaN A, YOounG SA, ELstoN DA & GorpoN 1J
(2005). Herbivore diet selection in response to simulated
variation in nutrient rewards and plant secondary com-
pounds. Animal Behaviour, 69: 541-550.

Givens DI, DE BOEVER JL & DEAVILLE ER (1997). The princi-
ples, practices and some future applications of near infrared
spectroscopy for predicting the nutritive value of foods for
animals and humans. Nutrition Research Reviews, 10: 83-
114.

GOERING HK & VAN SoOEsT PJ (1970). Forage Fibre Analysis
(Apparatus, Reagents, Procedures, and Some Applications).
Agricultural Handbook No. 379, Agricultural Research
Service, United States Department of Agriculture.

Gross JE, SHIPLEY LA, HoBBs NT, SPALINGER DE & WUNDER
BA (1993). Functional response of herbivores in food-con-
centrated patches: tests of a mechanistic model. Ecology, 74:
778-791.

HAssALL M & LANE SJ (2005). Partial feeding preferences and
the profitability of winter-feeding sites for brent geese. Basic
and Applied Ecology, 6: 559-570.

HassaLL M, RipbpINGTON R & HELDEN A (2001). Foraging
behaviour of brent geese, Branta b. bernicla, on grasslands:
effects of sward length and nitrogen content. Oecologia, 127:
97-104.

IasoN GR, Manso T, Sim DA & HARTLEY FG (2002). The func-
tional response does not predict the local distribution of
European Rabbits (Oryctolagus cuniculus) on grass swards:
experimental evidence. Functional Ecology, 16: 394-402.



176  Nele Somers, Binke D’Haese, Beatrijs Bossuyt, Luc Lens & Maurice Hoffmann

Kuuper DPJ, vaN WIEREN SE & BAKKER JP (2004). Digestive
strategies in two sympatrically occurring lagomorphs. Jour-
nal of Zoology, 264: 171-178.

LANGVATN R & HANLEY TA (1993). Feeding-patch choice by
red deer in relation to foraging efficiency. An experiment.
Oecologia, 95: 164-170.

LiNDLOF B, LINDSTROM E & PEHRSON (1974). Nutrient content
in relation to food preferred by mountain hare. Journal of
Wildlife Management, 38: 875-879.

LuUNDBERG P (1988). Functional response of a small mammalian
herbivore: the disc equation revisited. Journal of Animal
Ecology, 57: 999-1006.

MAFF (1986). Feed Composition - UK Tables of Feed Composi-
tion and Nutritive Value of Ruminants. Chalcombe Publica-
tions, Marlow, Bucks, UK.

MatTsoN W (1980). Herbivory in relation to plant nitrogen
content. Annual Review of Ecology and Systematics, 11:
119-161.

MCcNAUGHTON SJ (1983). Compensatory plant growth as a
response to herbivory. Oikos, 40: 329-336.

MCNAUGHTON SJ (1984). Grazing lawns: animals in herds, plant
form and co-evolution. The American Naturalist, 124: 863-
886.

MORENO S & VILLAFUERTE R (1995). Traditional management
of scrubland for the conservation of rabbits Oryctolagus
cuniculus and their predators in Dofiana National Park,
Spain. Biological Conservation, 73: 81-85.

OLFr H, DE LEeuw J, BAKKER JP, PLATERINK RJ, vAN WINEN
HJ & DE Munck W (1997). Vegetation succession and her-
bivory in a salt marsh: changes induced by sea level rise and
silt deposition along an elevational gradient. Journal of Ecol-
ogy, 85: 799-814.

OLfF H, RitcHIE ME & PriNs HHT (2002). Global environmen-
tal controls of diversity in large herbivores. Nature, 415:
901-904.

Post DM (1993). Detection of differences in nutrient concentra-
tions by eastern woodrats (Neotoma floridana). Journal of
Mammalogy, 74: 493-497.

PrOVENZA FD (1995). Postingestive feedback as an elementary
determinant of food preference and intake in ruminants.
Journal of Range Management, 48: 2-17.

RODEL HG (2005). Winter feeding behaviour of European rab-
bits in a temperate zone habitat. Mammalian Biology/
Zeitschrift Fiir Sdugetierkunde, 70: 300-306.

SCHOENER TW (1979). Generality of the size-distance relation in
models of optimal foraging. American Naturalist, 114: 902-
914.

VAN DE KoppEL J, HuisMAN J, vaN DErR WAL R & OLrr H
(1996). Patterns of herbivory along a productivity gradient:
an empirical and theoretical investigation. Ecology, 77: 736-
745.

VAN DER GRAAF AJ, Bos D, LooNEN MIJJE, ENGELMOER M &
DRrENT RH (2002). Short and long-term facilitation of goose
grazing by livestock. In: Bos D (eds), Grazing in coastal
grasslands, Brent Geese and facilitation by herbivory, PhD
dissertation, Rijksuniversiteit Groningen, Groningen, the
Netherlands: 63-83.

VAN SOEST PJ, ROBERTSON JB & LEwis BA (1991). Methods for
Dietary Fibre, Neutral Detergent Fibre, and Nonstarch
Polysaccharides in Relation to Animal Nutrition. Journal of
Dairy Science, 74: 3583-3597.

WERNER BJ (1980). Verzorgingsgids Konijnen. Grote-, midden-,
kleine- en dwergrassen. Zuidgroep B.V. Uitgevers, Best.
WILMSHURST JF, FRYXELL JM & BERGMAN CM (2000). The
allometry of patch selection in ruminants. Proceedings of the

Royal Society of London, Series B, 267: 345-349.

Received: August 31, 2007
Accepted: December 12, 2007



Belg. J. Zool., 138 (2) : 177-183 July 2008

Activation of the GFRal/NCAM pathway stimulates Sertoli
cell proliferation in vitro
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ABSTRACT. The proliferation and final density of Sertoli cells in the testis are regulated by hormones and local growth factors.
Glial cell line-derived neurotrophic factor (GDNF), a distantly related member of the transforming growth factor-p (TGF-4) super-
family, and its receptor components: GFRal, Ret and neural cell adhesion molecule (NCAM) have been recently reported to be
expressed in the testis and to be involved in the proliferation regulation of immature Sertoli cells. However, the number of the
reports is very low, and the signalling pathways have not been well characterized. In the present study, we used purified Sertoli cell
cultures from 4- to 5-day-old mouse testis to detect the expression of GDNF, to examine the effect of GDNF on Sertoli cell prolif-
eration and possible signalling pathways mediating such effect. GDNF expression in mouse Sertoli cells was detected at both RNA
and protein levels by RT-PCR and immunocytochemistry methods. The expression was up-regulated by FSH. GDNF stimulated the
proliferation of Sertoli cells and synergized with FSH to promote the proliferation to a higher level. GFRal/Ret and GFRal/
NCAM are two receptor complexes for GDNF. As GFRal and NCAM not Ret were expressed in cultured Sertoli cells, we pro-
posed that the stimulatory effect of GDNF on Sertoli cell proliferation was through pathways initiating from the GFRal/NCAM
receptor. This proposition was supported by the fact that the stimulatory effect of GDNF was significantly reduced by anti-NCAM

antibody.

KEY WORDS : Sertoli cells; proliferation; glial cell line-derived neurotrophic factor; neural cell adhesion molecule

INTRODUCTION

GDNF signals through two independent pathways of
GFRal/Ret and GFRal/NCAM to support several types
of neurons in central and peripheral nervous systems
(ARENAS et al., 1995; LiN et al., 1993; PARATCHA et al.,
2003; Roussa & KRIEGLSTEIN, 2004; SARIOLA &
SAARMA, 2003), and plays different roles in other mam-
malian tissue development such as the development of
kidney (FukuDA et al., 2003; SHAKYA et al., 2005), and
the self-renewal and differentiation of spermatogonial
stem cells (SSCs) in the testis (KANATSU-SHINOHARA et
al., 2005; KuBoTA et al., 2004; OGawa et al., 2004; Ryu
et al., 2005). Previous studies showed that GDNF was
secreted by Leydig cells, Sertoli cells, some spermato-
cytes, round spermatids and smooth muscle cells in both
human and mouse testis, and that GFRal was expressed
in Sertoli and Leydig cells (DAVIDOFF et al.,, 2001;
GOLDEN et al., 1999; MASURE et al., 1998). It has been
reported that NCAM was expressed in fetal or immature
Sertoli cells (LASLETT et al., 2000), and downregulated in
the rat during maturation of Sertoli cells (ORTH et al.,
2000; OrRTH & JESTER, 1995). Moreover, it has been
found that GDNF exerted a proliferation-promoting effect
on Sertoli cells during mouse embryonic development
and in the early postnatal period of rat testis (HU et al.,
1999; Wu et al., 2005). However, the mechanism and
roles of GDNF in immature mouse Sertoli cells were not
clearly understood. The aims of the present study were
just to clarify the roles of GDNF on the proliferation of

immature mouse Sertoli cells by using serum-free
medium and purified Sertoli cell cultures, and to examine
which signalling pathway mediated such effects.

MATERIALS AND METHODS

Reagents and experimental animals

Recombinant rat GDNF was obtained from R&D Sys-
tems. Ovine FSH, testosterone and B-estradiol were pur-
chased from Sigma-Aldrich. One mouse line of ICR was
used and obtained from Beijing Weitong River Labora-
tory Animal Inc., China. Animals were housed under 16h
light, 8h dark schedule with food and water ad libitum,
and treated in accordance with the NIH Guide for the
Care and Use of Laboratory Animals. All the protocols
were approved by the Animal Care and Use Committee of
the Institute of Zoology, Chinese Academy of Sciences.

Preparation and culture of Sertoli cells

Sertoli cells of 4~5 days old mice were prepared by fol-
lowing the two-step enzymatic digestion protocol
(OGawa et al., 2004) with some modifications. Briefly,
decapsulated testis tissue was treated with 10 volumes of
Digestion solution I (2mg/mL collagenase type IV and
200mg/mL DNAse (Sigma-Aldrich) in Ca?*- and Mg?*-
free PBS) at room temperature for 3 to 5 minutes with
gentle agitation followed by 3 washes in 10 volumes of
PBS. Collected specimens were then treated with 5 vol-
umes of Digestion solution II (2mg/mL collagenase type
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IV, 200mg/mL DNAse and 2mg/mL hyaluronidase (Cal-
biochem) in serum-free Dulbecco’s Modified Eagle
Medium (DMEM) at room temperature for 2 to 5 minutes
with vigorous agitation until tubular clumps were invisi-
ble, followed by 3 washes in PBS. The dissociated cell
suspension was filtered through a nylon mesh with 60mm
pore size. Cells were washed twice by centrifugation at
200g for 5 minutes in DMEM medium containing 10%
FBS. The pellet was resuspended in DMEM/F12 (Sigma-
Aldrich) culture medium supplemented with 10% FBS,
2mM L-glutamine (Sigma-Aldrich), 100unit/mL penicil-
lin and 100mg/mL streptomycin (Invitrogen), plated on
0.2% (w/v) gelatin (Sigma-Aldrich) -coated tissue culture
flasks with a density of 2x10°cells/cm?. Cells were cul-
tured at 37°C in an atmosphere of 5% carbon dioxide in
air for 1 hour. After gentle agitation, floating cells were
removed as the medium was changed, and the cells
attaching to the bottom were again incubated overnight.
The cells were detached with trypsin-EDTA solution
(0.25% (w/v) trypsin-0.04% (w/v) EDTA in Ca*'- and
Mg?*-free PBS) (Sigma-Aldrich). After counting, the
cells were seeded out again on 13mm round plastic cover
slips pre-coated with 0.2% (w/v) gelatin in 24-well plates
with 95,000 cells per well in a volume of ImL medium.
Following incubation at 37°C for another 24 hours in
serum-free medium, the cells were washed and incubated
with test material for 48 hours. In some experiments such
as immunocytochemistry and RT-PCR analysis of gene
expression, Sertoli cells of a higher concentration were
used (125,000 cells per well) in order to get confluent
cells in culture.

Cell viability assessment
by MTT supravital staining

Cell viability was assessed with the 3-[4,5-dimethylthi-
azol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) calor-
imetric assay. The principle of the assay is that MTT, a
nontoxic pale yellow substrate, is taken up by living cells
but not dead cells to yield a dark blue formazan product
that can be quantified spectrophotometrically at 570nm
absorbance. The absorbance is directly proportional to the
number of viable cells. The assay was performed as
reported by Mosmann (MOSMANN, 1983). Briefly, MTT
(Sigma-Aldrich) was added to cultures in 24-well plates
with an amount of 0.2mg/well 44 hours after the test rea-
gents were added. Four hours later, cells in each well
were lysed with 360mL 10% SDS in 0.01M HCI and
incubated at 37°C for 4 hours. The absorbance at 570nm
was measured in a microtiter plate reader. Triplicate cul-
tures were used and each experiment was repeated 3
times.

Cell proliferation monitor
by BrdU labelling

Cells cultured on cover slips were pulsed with 5-
bromo-2'-deoxyuridine (BrdU) (BD Biosciences) at a
final concentration of 10uM in culture medium for 4
hours. Cells were then fixed in ice-cold acetone—ethanol
for 10 minutes at -20°C. Cell staining was performed by
using BrdU in-situ detection kit (BD Biosciences) accord-
ing to the manufacturer’s instructions. Briefly, fixed cells
on slides were washed 2 times in PBS for 5 minutes each

time, and permeabilized by incubation with dilution
buffer for 30 minutes. After two washes, slides were incu-
bated with 0.3% H,O, in PBS for 10 minutes to block
endogenous peroxidase activity, followed by washes. The
slides were placed in a jar containing the working solu-
tion of BD Retrievagen A and heated to 89°C for 10 min-
utes, and then allowed to slowly cool down to room tem-
perature. Following 3 washes, the slides were incubated
for 1 hour at room temperature with 100mL/slide of bioti-
nylated anti-BrdU antibody diluted in the dilution buffer
(1:10). After another wash, the slides were incubated with
100mL/slide of Streptavidin-HRP for 30 minutes at room
temperature followed by 3 washes in PBS. Colour of
BrdU-positive cells was developed by diaminobenzidine
(DAB), and counterstaining was performed with hema-
toxylin. BrdU-positive cells were counted within at least
three randomly chosen areas on each cover slip, with
about 200 total cells in each area, and the experiment was
repeated 3 times.

Immunocytochemistry

The primary antibodies used included rabbit anti-
human GDNF polyclonal antibody, rabbit anti-human
GFRal polyclonal antibody (Santa Cruz biotechnology),
mouse anti-human CD56 (NCAM) monoclonal antibody
(BD Biosciences), mouse anti-human Ret polyclonal anti-
body (R & D systems), goat anti-human vimentin poly-
clonal antibody (chemicon) and mouse anti-4 smooth
muscle actin monoclonal antibody (Sigma-Aldrich). The
secondary antibodies included FITC-conjugated goat
anti-rabbit IgG, FITC-conjugated goat anti-mouse IgG,
FITC-conjugated mouse anti-goat IgG (Santa Cruz bio-
technology), TRITC-conjugated goat anti-mouse IgG and
TRITC-conjugated goat anti-rabbit IgG (Sigma-Aldrich).

For immunofluorescent staining, the cultured cells on
slides were stained according to the standard procedure.
Briefly, the cells were washed 2 times in PBS and fixed in
4% paraformaldehyde for 20 minutes at room tempera-
ture. Following two washes in PBS, cells were blocked
with PBS containing 1% BSA, 0.1% Triton X-100 and
2% normal goat serum at room temperature for 45 min-
utes. The samples were then incubated overnight at 4°C
with primary antibody diluted as described by manufac-
turers. The slides were washed 3 times with PBS contain-
ing 1% BSA, incubated with diluted secondary antibody
for 1 hour at room temperature in the dark followed by
another 3 washes. Nuclei of the cells were stained with
Hoechst 33258 or Propidium iodide (Sigma-Aldrich).
Colour of the slides was visualized and captured under
Leica confocal microscope. For negative controls, the
cells were incubated with non-immune rabbit serum.

RT-PCR analysis
of gene expression

Total RNA was extracted from 8x10°Sertoli cells by
using Trizol reagent (Invitrogen) according to the manu-
facturer’s instructions and was reverse transcribed into
cDNA with SuperScript™ II reverse transcriptase (Invitro-
gen) and oligo (dT) primer. Then the cDNAs were ampli-
fied by PCR with Recombinant Taqg DNA Polymerase
(Takara) according to the manufacture’s instruction. For
semi-quantitative RT-PCR, equal amounts of RNA extracts
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were used to generate first-strand cDNAs. Primer pairs
specific for mouse GDNF, GFRal, Ret, sulfated glycopro-
tein 2 (SGP2, a Sertoli cell marder) (COLLARD & GRIS-
WOLD, 1987) and luteinizing hormone receptor (LH-R, a
Leydig cell marker) cDNAs are listed in Table 1. The
housekeeping gene glyceraldehyde-3-phosphate dehydro-
genase (G3PDH) was used as normalization control. To

perform PCR amplification, reaction mixtures were first
denaturalized at 94°C for 3 minutes, 30 cycles with the fol-
lowing conditions were then carried out: 1 minute of denat-
uralization at 94°C, 40 seconds of annealing at 58°C (65°C
for Ret), 40 seconds of extension at 72°C. Subsequently,
the reaction was incubated at 72°C for 7 minutes. The PCR
products were verified by agarose gel electrophoresis.

TABLE 1

Primer sequences and PCR product size

Genes Forward primer Reverse primer Product size
GDNF 5’-TCACTGACTTGGGTTTGGGCTAT-3’ 5’-TCAGACGGCTGTTCTCACTCCTA-3’ 477 bp
GFRal 5’-ACTCCTGGATTTGCTGATGTCGG-3’ 5’-CGCTGCGGCACTCATCCTT-3’ 193 bp
Ret 5’-CTGCCGCTGCTAGGAGAAGCCCCAC-3’ 5’-CTTCACACTGATGTTGGGACAAAGGAA-3’ 555 bp
SGP2 5’-GACAATGAGCTCCA(G/A)GAA(A/C)TG-3’ 5’-CAGGCATCCTGTGGAGTT(G/A)TG-3’ 806 bp
LH-R 5’-AATCCCATCACAAGCTTTCAG-3’ 5’-TGCCTGTGTTACAGATGC-3’ 214 bp
G3PDH 5’-ACCACAGTCCATGCCCATCAC-3’ 5’-TCCACCACCCTGTTGCTGTA-3’ 450 bp

Statistical analyses

All the experiments were repeated at least three times if
not otherwise stated. Differences between groups were
analyzed for statistical significance by using one-way
ANOVA and Tukey’s post hoc test on raw data. P<0.05
was considered as significant.

RESULTS

Purity and morphology
of immature mouse Sertoli cell cultures

In order to study the proliferation of immature mouse
Sertoli cells, we set up an isolation and culture procedure
as described in the Materials and Methods section by
which highly purified Sertoli cell cultures could be
established from 4~5 days old mice. The Sertoli cells in
culture were frequently spindle-shaped, or occasionally
elliptic (Fig. 1a). It is known that vimentin is specifically
expressed in Sertoli cells, and smooth muscle a-actin in
peritubular myoid cells in testis (PARANKO et al., 1986;
TuNG & FriTz, 1990). We, therefore, used immunocyto-
chemical assay to assess the purity of our cultures. After
immunocytochemical staining, the numbers of vimentin-
labelled cells and propidium iodide-stained nuclei were
counted respectively in each of three distinct areas per
slide, with approximately 400-500 total cells per area.
The purity of Sertoli cell cultures was 98%+1.2% as
indicated by the percentage of vimentin positive cells to
the propidium iodide-stained nuclei (i.e. total cells) (Fig.
1b). The 2% contaminated cells were the peritubular
myoid cells as indicated by using antibody to a-actin,
which were elongated and spindle-shaped (data not
shown).

GDNF expression and hormonal regulation in cul-
tured mouse Sertoli cells

As expected, our results indicated that basal level
expression of GDNF mRNA and protein in cultured Ser-
toli cells was detected by RT-PCR and immunocyto-
chemistry (Fig. 2). In order to determine whether the

GDNF expression was regulated by FSH, we performed
time-dependent and dose-dependent experiments. In the
time-dependent experiments, the analysis was performed
every 1 hour before 3 hours (data not shown) and then
every 3 hours after treatment. In the dose-dependent
experiments, 10ng/mL, 20ng/mL, 30ng/mL, 40ng/mL,
50ng/mL, 100ng/mL, 150ng/mL and 200ng/mL FSH
were used respectively. As indicated in Fig.2, the GDNF
expression was up-regulated by FSH in a time- and dose-
dependent manner. The maximum mRNA expression
was detected 3 hours after FSH treatment and dropped
significantly starting from 6 hours (Fig. 2A-a), and the
GDNF mRNA expression started to level off when the
dose of FSH reached 50ng/mL and thereafter (Fig. 2A-b)
(data for FSH treatment of less than 50ng/mL are not
shown). A similar pattern was also observed in the
immunocytochemical assays (Fig. 2B). Estrogen and
androgen had no effects on the expression of GDNF (Fig.
2A-c and 2A-d).

LY

Fig. 1. — Morphological and immunocyto-
chemical analysis of cultured Sertoli cells. a)
Phase contrast microscopic image of cultured
Sertoli cells, noting that the Sertoli cells were
spindle-shaped (arrow) or elliptic
(arrowhead); b) Immunofluorescent staining
of cultured Sertoli cells. The cytoplasm of
Sertoli cells was stained by using the goat
anti-human vimentin polyclonal antibody and
the FITC-conjugated mouse anti-goat IgG.
The nuclei were stained by using propidium
iodide. Images were acquired under a Leica
confocal microscope. Scale bar: 50mm.
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Fig. 2. — Semi-quantitative RT-PCR and immunocytochemi-
cal analysis of GDNF expression in cultured Sertoli cells. A:
Semi-quantitative RT-PCR analysis of GDNF expression
with FSH, estrogen and androgen treatment. a) The time-
dependent expression of GDNF stimulated by 50ng/mL FSH.
The expression gradually increased before 3 hours (data not
shown) and was maximum 3 hours after treatment. b) The
dose-dependent expression of GDNF detected 3 hours after
FSH treatment. Expression increased gradually with the
increase of FSH concentrations (data for FSH treatment of
less than 50ng/mL were not shown) and levelled off with
doses starting from 50ng/mL ¢) GDNF expression 4 hours
after the addition of different concentrations of estrogen. d)
GDNF expression 4 hours after the addition of different con-
centrations of androgen. B: Immunocytochemical analysis of
GDNF expression. Sertoli cells were cultured for 20 hours
and either untreated (a) or treated with 10ng/mL (b), 50ng/
mL (c), or 100ng/mL FSH (d), and then fixed and stained
with rabbit anti-human GDNF polyclonal antibody followed
by FITC-conjugated goat anti-rabbit IgG for GDNF expres-
sion (green) and propidium iodide for nuclei (red). The stain-
ing was performed with the same protocol and same antibody
dilution at the same day. The pictures were taken with identi-
cal Leica confocal microscope settings. The unit of numbers
above figure: ng/ml; Scale bar: SOmm.

Sertoli cell viability
and proliferation stimulation by GDNF

The viability of Sertoli cells was first monitored by
MTT supravital staining. As shown in Fig. 3-A, GDNF at
doses of both 10ng/mL and 20ng/mL stimulated the via-
bility of Sertoli cells conspicuously compared with the
cells without any treatment, although the effects of these
two doses were not different significantly. As a positive
control, 50ng/mL FSH also stimulated Sertoli cell viabil-
ity significantly. Moreover, 10ng/mL GDNF in combina-
tion with 50ng/mL FSH increased the absorbance unit to
a higher level, indicating a synergistic effect of these two
factors or other mechanisms such as the up-regulation of
GDNF expression by FSH. The stimulatory effect of
GDNF and FSH on Sertoli cell proliferation was con-
firmed by BrdU-labelling assay (Fig. 3-B). Statistical
analysis showed that significant differences could be
identified between 10ng/mL GDNF treatment group and
control group (DMEM/F12), and between group of 10ng/
mL GDNF treatment and that of the combination of 10ng/
mL GDNF with 50ng/mL FSH treatment. Although no
statistical differences could be seen between 10ng/mL
GDNF treatment group and 20ng/mL. GDNF treatment
group, and between group of 50ng/mL FSH and that of
this dose in combination with 10ng/mL GDNF treatment,
the proliferation-promoting effects of GDNF and FSH
were obviously identified from Fig. 3-B. Also, in the

presence of both GDNF and FSH, the number of BrdU-
positive cells in total cells was increased compared with
those under other treatments—clumps of BrdU-positive
cells were frequently seen, probably resulting from a
higher proliferation rate of the cells (Fig. 4).

Absorbance units/ well at 570 nm

DMEM/F12  GDNF(I0)

il

DMEM/FI2 GDNF(10)  GDNF(20) GDNF(ID)-FSH(S0) FSH(S0)

GDNF(20) GDNF(I0).FSH(S0) FSH(S0)

Brdu positive Sertoli cell (%)

Fig. 3. — Enumeration of viable and proliferat-
ing Sertoli cells by supravital staining and
BrdU labelling. A: Estimation of living Sertoli
cells by MTT staining. The Sertoli cells were
first plated and incubated in 24-well plates
overnight, and again cultured and treated with
GDNF, FSH separately or in their combination
for 44 hours, then stained with MTT for 4
hours. Each bar represent 570nm absorbance
units (AU) per well (meantS.E.M. n=3). B:
Enumeration of Sertoli cells in S-phase by
BrdU labelling. For each experiment at least 3
areas under microscope (approximately 200
total cells) were chosen to count BrdU-positive
cells. Values were represented as % Brdu-
positive cells over total number of cells from
three independent experiments (mean+S.E.M.;
n=3). Statistical difference was analyzed by
using Tukey’s post hoc test. *, p<0.05; **
p<0.01. The unit of numbers in parentheses:
ng/mL.

Fig. 4. — Light microscopic image of cul-
tured Sertoli cells labelled by BrdU. a)
no treatment; b) treated with 10ng/mL
GDNF; c) treated by 10ng/mL GDNF
plus 50ng/mL FSH; d) 50ng/mL FSH
only.
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Contribution of GFRa1/NCAM signalling
to GDNF-induced Sertoli cell proliferation

We would like to know, as the first step to elucidating
the molecular mechanism of the stimulatory effect of
GDNF on mouse Sertoli cell proliferation, whether its
receptor subunits were present on the membrane of
mouse Sertoli cells. As shown in Fig. 5, the ligand bind-
ing subunit GFRal was detected both by RT-PCR and
immunocytochemistry. Interestingly, Ret, which repre-
sented the first identified GDNF signalling pathway, was
not expressed, while NCAM, which represented the alter-
native pathway, was expressed at both RNA and protein
levels, suggesting that the stimulatory effect of GDNF on
Sertoli cells was most likely mediated by signalling path-
ways starting from the GFRa.1/NCAM receptor complex.
This proposition was supported by the observation that
anti-NCAM antibody (4mg/mL) reduced the stimulatory
effect of GDNF significantly in serum-free culture
(Fig. 6). The percentage of BrdU-positive cells in the total
number of cells under GDNF treatment was decreased
from 23.6% to 10.8% (P=0.028) by anti-NCAM anti-
body.

Fig. 5. — GDNF receptor subunit expression in immature
mouse Sertoli cells. RT-PCR analysis (a) indicated that
GFRol but not Ret was expressed in cultured immature
Sertoli cells. SGP2 and G3PDH were included as positive
controls while LH-R was used as a negative control. Immu-
nocytochemical analysis of GFRal (b), NCAM (c) and Ret
(d) on cultured Sertoli cells. Marker proteins were stained
green while the nuclei were stained red by propidium
iodide. Scale bar: 20mm.
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Fig. 6. — Reduction of stimulatory effect of
GDNF on Sertoli cell proliferation by anti-
NCAM antibody. Values were expressed as the
percentages of BrdU-positive cells in total cells
from results of three independent experiments
(mean+S.E.M; n=3). Statistical differences were
analyzed through Tukey’s post hoc test. Concen-
trations of GDNF and anti-NCAM antibody
were 10ng/mL and 4mg/mL respectively.

DISCUSSION

The proliferation of Sertoli cells has been reported to
be stimulated by hormones, such as FSH (GRISWOLD et
al., 1977) and estrogen (SHARPE et al., 1998), and other
paracrine growth factors including insulin-like growth
factors 1 and II (IGF- I and IGF- II) (BORLAND et al.,
1984), fibroblast growth factor (FGF) and transforming
growth factor-o (TGF-a) (PETERSEN et al., 2001).
Recently, studies reported that the stimulatory effect of
GDNF on Sertoli cell proliferation was observed in cul-
tured neonatal rat seminiferous tubules and in Sertoli cells
from fetal mouse testis (HU et al., 1999; Wu et al., 2005).
In the present study, we used Sertoli cell cultures prepared
from neonatal mice to examine whether and how GDNF
stimulates the proliferation of Sertoli cells. To this end,
highly purified Sertoli cell cultures were first established.
The purity of our cultures was assessed by immunocyto-
chemistry for cell markers. Vimentin and smooth muscle
a-actin have been shown to be specific markers for Sertoli
cells and peritubular myoid cells in the testis, respectively
(PARANKO et al., 1986; TUNG & Fritz, 1990). The results
of immunocytochemical assay verified that about 98% of
the cultured cells were Sertoli cells with the remaining
2% being contaminating peritubular myoid cells,
indicating that our Sertoli cell cultures, together with the
serum-free medium, should be sufficient for elucidating
the effects of GDNF on immature mouse Sertoli cells and
signalling pathway mediating such effects.

A previous study indicated that FSH but not testoster-
one up-regulated GDNF mRNA expression (TADOKORO et
al., 2002). This observation was confirmed in our present
study by means of RT-PCR and immunohistochemistry.
We also observed that estrogen had no effect on the
expression of GDNF. Two studies indicated that GDNF
stimulated the proliferation of immature Sertoli cells from
newborn rats and fetal mice (Hu et al., 1999; Wu et al.,
2005). Here we also confirmed the proliferation-promot-
ing effects of GDNF on Sertoli cells in culture prepared
with newborn mouse testes. However, the stimulatory
effect of GDNF was only observed in the presence of
FSH according to one study (Hu et al., 1999), a phenome-
non not observed in another previous report (WU et al.,
2005) or in our study. The discrepancy was probably
caused by the different cultures used — seminiferous
tubule fragments and homogeneous cells were used
respectively in the types of studies. Besides, the different
animals (rat versus mouse) used in these studies should
also be taken into account, and we suggested that the
mechanisms of proliferation-promoting effects of GDNF
on Sertoli cells in rat should slightly differ from those in
mouse.

Our study also showed that GDNF in combination with
FSH had more potent effects on Sertoli cell proliferation
than GDNF alone, which was probably caused by
accumulation of proliferation-promoting effects of the
two factors on Sertoli cells. It has been known that FSH
was a strong mitogenic hormone of Sertoli cells (GRis-
WOLD et al., 1977; MEACHEM et al., 1996), and the expres-
sion of GDNF was up-regulated by FSH discussed as
above, so the action of additional GDNF secreted by
Sertoli cells should also be considered. Alternatively,
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other possibilities might exist. For example, one factor
could render the cells more sensitive to the action of the
other one.

GDNF signals through the receptor GFRal, which
activates Ret (DURBEC et al., 1996; TREANOR et al., 1996).
GDNF in complex with GFRal also signals through the
NCAM independent of Ret (PARATCHA, et al., 2003).
However, the GDNF signalling in Sertoli cells had not yet
been characterized. In the present study, we demonstrated
for the first time that NCAM but not Ret was expressed in
cultured mouse Sertoli cells at both RNA and protein lev-
els. However, a previous study showed that the Ret
mRNA was present in Sertoli cells from 20- and 55-day-
old rats (FOUCHECOURT et al., 2006), which contradicts
our results of this study. We suggest that this discrepancy
was probably caused by the differences in experimental
materials used: not 100% pure Sertoli cell fraction from
20- and 55-day-old rats in Fouchecourt’s report, and
purified Sertoli cell cultures from 4- to 5-day-old mice in
our studies were used, indicating that the GDNF signal-
ling might be divergent between rat and mouse. There-
fore, we still propose that the stimulatory effect of GDNF
on mouse Sertoli cell proliferation was mediated by path-
way(s) starting from the NCAM, but not Ret subunit. This
was supported by the fact that anti-NCAM antibody sig-
nificantly reduced the proliferation-promoting effect of
GDNF on Sertoli cells. The activation of downstream
components of the NCAM pathway(s) should be
addressed in future studies.

CONCLUSIONS

In conclusion, our data confirmed that GDNF, an auto-
crine growth factor, was produced by Sertoli cells and
regulated by FSH, and played an important role in Sertoli
cell proliferation via GDNF/NCAM pathway in the testis
development of mouse.
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ABSTRACT. Leptin has a central role in the regulation of oocyte and embryo development. The objective of the current study was
to investigate the effect of leptin addition during oocyte maturation in vitro on meiotic maturation of bovine oocytes and develop-
ment of parthenogenetic activation (PA) and yak-bovine interspecies cloned embryos. In addition, the effect of leptin supplementa-
tion in embryo culture medium on preimplantation development of yak-bovine interspecies cloned embryos was investigated. Lep-
tin addition at 10 and 100ng/mL during oocyte maturation significantly increased the proportion of bovine oocytes that developed
to metaphase II (MII) stage compared to the control (81.0+£3.8 and 77.0+4.0 versus 62.2+1.8, P<0.05). Leptin at 10ng/mL signifi-
cantly increased the blastocyst rate after PA compared to the control (31.6+4.3 versus 20.443.2, P<0.05). Leptin supplementation at
10ng/mL during oocyte maturation strikingly increased the blastocyst development of yak-bovine interspecies cloned embryos
(33.2+4.0 versus 22.8+2.7, P<0.05) and the inner cell mass (ICM) and total cell number per blastocyst, and reduced the incidence
of apoptotic cells per blastocyst compared to the control. When present in the embryo culture medium, leptin at 100ng/mL signifi-
cantly increased the blastocyst development of yak-bovine interspecies cloned embryos compared to the control (34.2+4.9 versus
22.0+3.2, P<0.05). Meanwhile, leptin at 100 and 1000ng/mL significantly increased ICM and total cell number per blastocyst and
reduced the proportion of apoptotic cells per blastocyst. In conclusion, leptin supplementation promoted the meiotic maturation of
bovine oocytes and the developmental capacity of PA and yak-bovine interspecies cloned embryos.

KEY WORDS : yak, leptin, oocyte maturation, interspecies cloning

INTRODUCTION

Leptin, the 16-kDa product of the obese (ob) gene, has
been implicated to play an important role in the regulation
of food intake and energy expenditure (ZHANG et al.,
1994). In addition, leptin is known to regulate diverse
reproductive functions (HOLNESS et al., 1999). The ob/ob
mice expressing a truncated form of leptin were obese
and infertile (ZHANG et al., 1994). Exogenous leptin sup-
plementation can restore normal weight and fertility in
ob/ob mice, suggesting that leptin influences reproduction
in a direct way (CHEHAB et al., 1996).

Recently, leptin has been detected to be expressed in
mouse (ANTCZAK & VAN BLERKOM, 1997; KAWAMURA et
al., 2002) and human oocytes (CIOFFI et al., 1997); mouse
(KAwAMURA et al., 2002) and human (CIOFFI et al., 1997)
follicular fluid; and human granulosa and cumulus cells
(Ciorrr et al., 1997). The leptin receptor (LEPR) has high
sequence homology to the class I cytokine receptor super-
family (CHEN et al., 1996), and different 3’ terminal
mRNA splicing produces six known isoforms (TARTAGLIA
et al., 1995; CIoFFI et al., 1996; LEE et al., 1996). The
long isoform containing a 302-residue-long intracellular
domain was detected in the hypothalamus and also in
some peripheral tissues (TARTAGLIA et al., 1995; BJORBAK
et al., 1997), and this isoform regulates most leptin signal-
ling (LEE et al., 1996; WHITE et al., 1997) by both path-
ways of the mitogen-activated protein kinase (MAPK)
and the signal transducer and activator of transcription 3
(STAT3) (MaTsuoko et al., 1999). LEPR mRNA is
expressed in mouse oocytes (MATSUOKO et al., 1999;

KAwAMURA et al., 2002) and in bovine blastocysts (BOEL-
HAUVE et al., 2005). Leptin, at physiological concentra-
tions, causes tyrosine phosphorylation of STAT3 in
mouse metaphase Il (MII) oocytes (MATSUOKA et al.,
1999). Thus, leptin is likely a regulator of oocytes and its
surrounding cells.

The in vitro production (IVP) system in cattle, includ-
ing somatic nuclear transfer (SCNT), is a crucial tool for
basic research and for preservation of endangered mam-
mals. Although there have been a few successes (WHITE
et al., 1999; LANzA et al., 2000; Lor et al., 2001 ; LEE et
al., 2003 ; SANSINENA et al., 2003), the efficiency of inter-
species SCNT in birth of live offspring is still low. Incom-
plete cytoplasmic and nuclear maturation of the oocyte is
a limiting step determining the ability of the oocyte to
successfully support a somatic nucleus to undergo repro-
gramming, cleavage and embryo development. Growth
factors and cytokines lead to proper nuclear and cytoplas-
mic maturation of the oocyte by a complex network
(GREEWALD & Rov, 1994). Recently, there have been
some reports that leptin supplementation promotes oocyte
maturation and preimplantation development of embryos.
It has been demonstrated that 10-100ng/mL leptin supple-
mentation stimulates porcine oocyte maturation (CRAIG et
al.,, 2004; ZHANG et al., 2007). Addition of leptin in
embryo culture medium promotes preimplantation
embryo development in vitro in a dose-dependent manner
in the mouse (KAWAMURA et al., 2002). In bovines, the
presence of leptin during oocyte maturation has been
found to increase the proportion of oocytes developed to
blastocyst stage after in vitro fertilization (IVF) and to
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reduce the proportion of apoptotic cells per blastocyst
(BOELHAUVE et al., 2005). However, the data about the
effect of leptin on meiotic maturation of bovine oocytes
and preimplantation development of interspecies cloned
embryos when included in in vitro culture medium are
insufficient. In addition, controversial results have been
reported about the effect of leptin on preimplantation
development of murine embryos (KAWAMURA et al.,
2002 ; FEDORCSAK & STORENG, 2003 ; SWAIN et al., 2004).
Thus, the role of leptin during in vitro development of
mammalian oocytes and embryos needs to be further
researched. Accordingly, in the present study, we investi-
gated whether leptin addition to in vitro maturation (IVM)
medium influences meiotic maturation of bovine oocytes
and subsequent preimplantation development of parthe-
nogenetic activation (PA) embryos. In addition, the effect
of leptin supplementation in IVM medium of bovine
oocytes on development of the embryo derived from yak-
bovine interspecies nuclear transfer was assessed in this
study. We also investigated the effect of leptin addition to
embryo culture medium on preimplantation development
of yak-bovine interspecies nuclear transfer embryo.

MATERIALS AND METHODS

1. Chemicals

Unless otherwise stated, chemicals were purchased
from Sigma-Aldich Crop. (St. Louis, MO)

2. Donor cell preparation

Ear skin was biopsied from an adult black yak (Bos
grunniens). The tissue was kept in PBS (Gibco, USA) at
4°C during transportation to the laboratory. After removal
of cartilage, skin tissues were minced into about 1mm?
pieces with a surgical blade, and seeded in the 25cm? tis-
sue culture flask (Nunc, Roskilde, Denmark). The tissue
was cultured in SmL Dulbecco’s modified Eagle’s
medium (DMEM, Gibco, USA) plus 20% (v/v) fetal
bovine serum (FBS, Gibco, USA) under a humidified
atmosphere of 5% CO, in air at 37°C. When primary cell
layer reached 85% confluence after 8-10 days, the cells
were harvested by 0.25% (w/v) trypsinization (Gibco,
USA) and reseeded at a density of 100,000cells/mL in
25cm? tissue culture flasks. Fibroblast cells at passages 4-
8 were harvested by 0.25% (w/v) trypsinization and fro-
zen in DMEM supplemented with 20% (v/v) FBS and
10% (v/v) dimethylsulfoxide in liquid nitrogen at -192°C.
Prior to SCNT, the cells were thawed, cultured for 3 days
until 80% confluence and subjected to serum-starvation
by being cultured for another 3-5 days in DMEM supple-
mented with 0.2% (v/v) FBS.

3. In vitro maturation of bovine oocytes

Bovine ovaries were collected from a local slaughter
house and transported to the laboratory within 4h in saline
solution at 30°C. Cumulus-oocyte complexes (COCs)
from domestic cattle were aspirated from 2-8mm in diam-
eter antral follicles using an 18 gauge needle and washed
several times in IVM medium that contained TCM-199
(Gibco, USA), supplemented with 10% (v/v) FBS, 2mM
NaHCO;, 1.0% (v/v) penicillin-streptomycin (10,0001U/

mL and 10,000pg/mL, respectively; pen-strep; Gibco),
10pug/mL LH and lug/mL estradiol-17f. Those oocytes
that had uniform cytoplasmic appearance and were
enclosed within three or more layers of viable compact
granulosa cells were selected. Groups of 50 oocytes were
matured in 500pl of IVM medium under mineral oil in
four-well dishes at 39°C in a humidified atmosphere of
5% CO, in air.

4. Assessment of oocyte nuclear status

At the end of in vitro maturation culture, oocytes were
denuded from cumulus cells by pipetting and vortexing in
0.5mg/mL  hyaluronidase. Denuded oocytes were
mounted on a glass slide and fixed with acetic acid: etha-
nol (1:3 v/v) for at least 30h at 4°C. Then, oocyte staining
was performed in acetic acid-orcein (1% orcein in 45%
acetic acid) and they were examined under a phase-con-
trast microscope. Oocytes were classed into intact nucleus
(GV), the germinal vesicle break down (GVBD) and met-
aphase II (MII) stage. Oocytes with abnormal chromatin
or no chromatin were selected as degenerated oocytes.

5. Somatic nuclear transfer
and embryo culture

The zona-free method of Handmade Cloning (VAJTA et
al., 2001; VaJTA et al., 2003 ; BHOJWANI et al., 2005) was
used in this experiment. After in vitro maturation for 20-
22h, cumulus cells’ enclosed COCs were removed in
0.5mg/mL hyaluronidase dissolved in Hepes-buffered
TCM-199 medium (TO) for 3min. The zona pellucida of
nude oocytes was digested in 1.5mg/mL pronase dis-
solved in TO at 39°C. Under stereomicroscopic control,
manual bisections of oocytes were performed with Ultra
Sharp Splitting Blades (AB Technology, Pullman, WA) in
TO supplemented with 20% (v/v) FBS, 5ug/mL cytocha-
lasin B. Then, chromatin staining of all half-oocytes was
performed with 10pg/mL Hoechst 33342 dissolved in TO.
Half-oocytes without chromatin staining were registered
under a fluorescence microscope. Registered half-oocytes
were collected in TCM-199 supplemented with 20% (v/v)
FBS (T20) as recipient cytoplasts. After serum-starvation,
the donor cells were harvested by pipetting in 0.05% (w/
v) trypsin dissolved in PBS and collected in T20 at room
temperature.

For embryo construction, half of prepared cytoplasts
were individually incubated in 200pg/mL phytohemag-
glutinin dissolved in TO for Ssec. Cell-cytoplast pairing
was achieved by gently pressing a prepared cytoplast over
a single fibroblast cell. Then, the cell-cytoplast pairs were
aligned using an alternating current of 15V AC in a plati-
num wire fusion chamber. Fusion medium contained
0.3M mannitol, 0.ImM MgSO, and 0.05mM CaCI,. A
second cytoplast was then aligned to the single cell-cyto-
plast pair in the fusion chamber. Fusion was performed
with a single pulse of 3.7KV/cm for 4pusec using a BTX
Electro Cell Manipulator 200 (Biotechnologies and
Experimental Research Inc., San Diego, CA, USA). After
fusion, reconstructed embryos were cultured in ImL T20
containing 2uM Ca ionophore A23187 for Smin, then
embryos were transferred into 5Sul droplets of 2mM 6-
dimethylaminopurine (6-DMAP) for 6h for further chem-
ical activation. After chemical activation, each single
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embryo was cultured in well of the wells (WOWSs) (VAITA
et al., 2000) in 400ul modified synthetic oviductal fluid
(mSOFaa) medium, as previously described (HoLM et al.,
1999), covered with oil. Embryos were cultured at 39°C
in 5% CO,, 5%0, and 90%N, for 7 days.

6. Parthenogenetic activation

After bovine oocytes had matured for 20-22h, parthe-
nogenetic activation was performed using the same
method above. Oocytes were activated in 2uM Ca iono-
phore A23187 for Smin and then exposed in 2mM 6-
DMAP for 6h. Activated oocytes were cultured in the
mSOFaa at 39°C in 5% CO2, 5%0, and 90%N, for 7
days.

7. Embryo transfer

SCNT embryos of excellent quality at the blastocyst
stage were transferred into Holstein recipients on Day
741 of the estrous cycle. Two or three embryos per recipi-
ent were nonsurgically introduced into the uterine horn
ipsilateral to the ovary containing the corpus luteum.
Pregnancy was diagnosed by rectal palpation at 60 and
120 days, respectively, after embryo transfer.

8. Different staining of inner cell mass (ICM)
and trophectoderm (TE) cells

Day 7 blastocysts derived from yak-bovine interspecies
nuclear transfer were randomly selected and subjected to
different staining according to previously described meth-
ods (THOUAS et al., 2001). The zona pellucida of each
blastocyst was removed by incubating in 0.5% pronase
for 1min. Blastocysts were treated for 5-7sec with 0.2%
(v/v) Triton X-100 and 0.3mg/mL propidium iodide dis-
solved in PBS and then transferred into 20pg/mL
Hoechst-33342 dissolved in glycerol for 2-3h. Embryos
were mounted on a glass slide in a drop of glycerol solu-
tion. Cell numbers were determined using a fluorescence
microscope. Blue nuclei were considered as ICM cells
and red or pink nuclei as trophoblast cells.

9. TUNEL assay for apoptosis detection

Apoptotic blastomeres were detected by TUNEL assay
as previously described (GAVRIELI et al., 1992) using an
In situ Apoptosis Detection Kit (Takara Bio Inc., Shiga-
ken, Japan). Blastocysts were fixed in 4% (v/v) parafor-
maldehyde dissolved in PBS for 1h at room temperature.
Blastocysts were permeabilized with 0.5% (v/v) Triton
X-100 for 1h at room temperature. After blastocysts were
washed three times with Img/mL BSA dissolved in PBS,
they were incubated in a terminal deoxynucleatidyl trans-
ferase-labelling buffer for 3h at room temperature. Then,
blastocysts were transferred into 25ul fluorescein isothio-
cyanate solution for 1.5h and incubated with 200ul 0.5ug/
mL propidium iodide for 30min at room temperature.
Blastocysts were treated with 0.2M diazabicyclo-octane
in PBS supplemented with 50% (v/v) glycerol and then
mounted on a glass slide. Each blastocyst was examined
for total number of nuclei and number of TUNEL-
labelled nuclei under a fluorescence microscope. The

apoptotic cells appeared as yellow, but normal cells as
red.

10. Experimental design

Experiment 1: This experiment was designed to inves-
tigate the effect of leptin addition in IVM medium on
developmental capacity of bovine oocytes. COCs were
cultured in IVM medium containing 0 (control), 1, 10 or
100ng/mL recombinant human leptin (Sigma Aldich
Co.), designed according to BOELHAUVE et al. (2005).
After in vitro maturation for 20-22h, some oocytes were
selected to assess nuclear status, and others were sub-
jected to PA or yak-bovine interspecies nuclear transfer.

Experiment 2: This experiment was designed to inves-
tigate the effect of leptin supplementation in IVM
medium on developmental competence of PA embryos.
After denuded oocytes derived from different dosage lep-
tin treatment groups were performed to PA, the rates of
cleavage and blastocysts formation were examined at Day
3 and Day 7 after activation, respectively.

Experiment 3: This experiment was designed to check
the effect of leptin addition during oocyte maturation on
development of yak-bovine interspecies cloned embryo.
Accordingly, the results of the above two experiments, 10
or 100ng/mL leptin treatment were considered as opti-
mum treatment groups and selected to be subjected to fur-
ther SCNT experimentation. After maturation for 20-22h,
oocytes were subjected to SCNT. The cleavage rate at
Day 3 after reconstruction, and development to the blasto-
cyst stage at Day 7 after reconstruction, were assessed.
This experiment was replicated five times, using 278-313
oocytes per treatment. TE/ICM cell numbers per blasto-
cyst derived from different dosage leptin treatment groups
were examined at Day 7 after reconstruction. TUNEL
analysis to blastocyst was performed at Day 7 after recon-
struction.

Experiment 4: This experiment was designed to inves-
tigate the effect of leptin supplementation in embryo cul-
ture medium on developmental capacity of cloned
embryos derived from yak-bovine interspecies nuclear
transfer. Reconstructed embryos were randomly allocated
and cultured in the mSOFaa supplemented with 0, 1, 10,
100 or 1000ng/mL leptin from Day 0 to Day 7. The con-
centrations of leptin were selected according to KAwA-
MURA et al. (2002). The cleavage rate at Day 3 and devel-
opment of the blastocyst stage at Day 7 after
reconstruction were assessed. This experiment was repli-
cated five times, using 222-291 oocytes per treatment.
ICM/TE cell number and TUNEL analysis were per-
formed at Day 7 after reconstruction.

11. Statistical analysis

All data were analyzed using a statistical system (SPSS
for windows 13.0) program. The differences in embryos
development among groups were analyzed using one-way
ANOVA. Post hoc analysis was performed according to
LSD test. Meanwhile, ICM/TE cell number and apoptosis
cells per blastocyst among experimental groups were ana-
lyzed using the same methods. The data are presented as
mean+SEM. A P value less than 0.05 indicated signifi-
cant differences among the groups.
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RESULTS
1. Effect of leptin addition in IVM medium
on developmental capacity of bovine oocytes

The effect of leptin addition in IVM medium on devel-
opmental capacity of bovine oocytes was evaluated in this

experiment. There was no effect of leptin supplementation
in the Ing/mL leptin treatment group on the proportion of
oocytes reaching MII stage, as compared to the control.
However, treatment of oocytes with 10 or 100ng/mL lep-
tin increased the proportion of oocytes developed to
MII stage, as compared to the control (P<0.05) (Table 1).

TABLE 1

Effect of leptin addition in in vitro maturation medium on developmental capacity of bovine oocytes.

Group No. of oocytes No. of oocytes developed to a specific stage (%) No. of degenerated
(Ieptin treatment) treated GV GVBD MII oocytes
Ong/mL 104 8 (7.8+1.8) 17 (16.6+2.4) 65 (62.2+1.8)° 14 (13.4+2.6)
Ing/mL 157 16 (10.2£1.1) 23 (15.2+2.4) 107 (68.0£1.9)% 11 (6.8+1.3)
10ng/mL 178 10 (6.0+2.0) 13 (7.0+£2.3) 143 (81.0+3.8) 12 (6.3£3.1)
100ng/mL 163 18 (10.6+3.2) 11 (6.0+3.4) 124 (77.0+4.0)® 10 (5.6+2.6)

Values with different letters (a, b and c) in the same column are significantly different (P<0.05).
Oocytes were classed into intact nucleus (germinal vesicle, GV), the germinal vesicle break down (GVBD) and met-
aphase II (MII) stage according to the specific stage of development. Oocytes with abnormal chromatin or no chroma-

tin were selected as degenerated oocytes.

2. Effect of leptin supplementation
in IVM medium on developmental competence
of embryo derived from PA

The purpose of this experiment was to assess whether
leptin increases development capacity of embryo derived
from PA. There was no effect of leptin addition during
IVM on cleavage rate of PA embryo at Day 3 after activa-
tion (71.2£3.5, 73.0£3.1, 73.6+£4.6, and 69.2+5.9, cleav-
age rate for 0, 1, 10 and 100ng/mL leptin addition, respec-
tively), but leptin treatment at 10ng/mL (31.6+4.3)
increased the proportion of oocytes developed to the blas-
tocyt stage at Day 7 after activation as compared to the
control (20.4+3.2) (Fig. 1). In addition, leptin treatment at
100ng/mL (29.0+3.1) also increased the proportion of
oocytes developed to the blastocyst stage, although there
was no significant difference compared to the control.
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Fig. 1. — Effect of leptin addition in in vitro maturation
medium on developmental capacity of parthenogenetic activa-
tion (PA) embryo in bovine. The proportion of oocytes devel-
oped to the blastocyst stage at Day 7 after activation was
assessed. Results are shown as meanstSEM of five replicates,
using 132-185 oocytes per treatment. Different letters (a and b)
denote significant differences (P<0.05).

3. Effect of leptin supplementation during
in vitro maturation on preimplantation development
of yak-bovine nuclear transfer embryos

In this experiment, the effect of leptin on preimplanta-
tion development of yak-bovine interspecies cloned
embryos was determined. There was no effect of leptin
addition during oocyte maturation on cleavage rate of
yak-bovine cloned embryos at Day 3 after reconstruction
(70.2+2.4, 72.842.3 and 69.6+4.8, cleavage rate for 0, 10
and 100ng/mL leptin treatment, respectively). However,
as shown in Fig. 2A, leptin addition at 10ng/mL
(33.2+4.0) increased the proportion of oocytes developed
to the blastocyst stage as compared to the control
(22.8+2.7) (P<0.05). Meanwhile, as shown in Fig. 2B and
Fig. 2C, leptin at 10ng/mL (47.8£8.6, 111.0£17.1)
increased significantly inner cell mass and total cell
number per blastocyst as compared to the control
(28.3+5.0, 75.4+10.4) (P<0.05), and leptin at 10 (4.7+0.4)
and 100ng/mL (4.4+0.4) decreased the incidence of
TUNEL-positive blastomeres per blastocyst as compared
to the control (10.7+1.1) (P<0.01).

4. Effect of leptin supplementation
in embryo culture medium on development
of yak-bovine interspecies cloned embryos

As shown in Fig. 3A, the rate of blastocyst formation
of yak-bovine interspecies cloned embryos significantly
increased in the 100ng/mL leptin treatment group
(34.244.9) compared to the control (22.0+3.2), but the
cleavage rate did not differ significantly between the
treatment groups (75.4+5.3, 70.0+6.1, 71.0+£5.0, 69.4+6.9
and 69.2+5.9, cleavage rate for 0, 1, 10, 100 and 1000ng/
mL leptin treatment, respectively). As shown in Fig. 3B,
the ICM/Total cell number per blastocyst increased in 100
(49.848.9, 104.2+11.7) and 1000ng/mL (49.0+6.8,
107.149.3) leptin treatment group compared to the con-
trol (28.7+£5.9, 74.3+6.7) (P<0.05). The proportion of
apoptotic blastomeres per blastocyst in 100 (5.4+0.5) and
1000ng/mL (4.4+0.3) leptin treatment group decreased as
compared to the control (7.3+£0.5) (P<0.05), which is
shown in Fig. 3C.
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Fig. 2. — The effect of leptin at 0, 10 and 100ng/mL in in vitro
maturation medium of bovine oocytes on preimplantation
development, blastocyst cell number and blastomere apoptosis
of yak-bovine interspecies cloned embryos. Blastocyst rate (A)
and inner cell mass (ICM) /Total cell number per blastocyst (B)
at Day 7 after reconstruction was assessed. The proportion of
apoptotic blastomeres per blastocyst (C) are shown as
mean+SEM of five replicates, using 20 blastocysts per treat-
ment. Different letters (a and b) denote significant differences
(P<0.05). Significant difference (P<0.01) from the control
group is indicated by *.
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Fig. 3. — Influence of different concentrations of leptin supple-
mentation in embryos culture medium on preimplantation
development and cell apoptosis of yak-bovine interspecies
cloned embryos. Rate of blastocyst development and inner cell
mass (ICM) /Total cell number per blastocyst were evaluated at
Day 7 after reconstruction. Number of apoptotic blastomeres
per blastocyst was assessed at Day 7 after reconstruction, and
shown as mean+SEM of five replicates, using 20 blastocysts per
treatment. Different letters (a, b and ¢) denote significant differ-
ence (P<0.05).
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5. Effect of leptin treatment during
in vitro maturation of oocytes on pregnancy
of yak-bovine interspecies cloned embryos
in surrogate mothers

As shown in Table 2, blastocysts derived from 10ng/
mL leptin treatment during oocyte maturation achieved
pregnancies at pregnant Day 60 and 120 after embryo
transfer, respectively. However, there was no pregnancy
at Day 60 in the control group in the absence of leptin.

TABLE 2

Effect of leptin treatment in in vitro maturation medium of bovine
oocyte on pregnancies of yak-bovine cloned embryo.

gt Embryos » Pregnant Off-
trans-  Recipients ——— .
treatment ferred Day 60 Day 120 Spring
Ong/mL 45 15 0 0 0
10ng/mL 54 20 3 2 0
DISCUSSION

Previous reports have shown that leptin has a possible
role in regulation of oocyte and preimplantation embryo
development in the mouse, pig and bovine. Leptin addi-
tion at 100ng/mL, which is the most prominent treatment,
enhanced the development of porcine oocytes reaching
MII stage determined by extrusion of the first polar body
(CrRAIG et al., 2004). In contrast, ZHANG et al. (2007)
reported that 10ng/mL leptin treatment in [VM medium is
the most significant treatment to improve the rate of por-
cine oocytes reaching MII stage by acid-orcein staining
after oocytes maturation. In the present study, 10 and
100ng/mL leptin treatment increased the proportion of
bovine oocytes developed to MII stage compared to the
control, and 10ng/mL leptin treatment was the most sig-
nificant one. Leptin treatment reduced the rate of stained
oocytes with abnormal chromatin configuration com-
pared to the control. In pigs, 10 and 100ng/mL leptin
treatment strikingly increased the rate of blastocyst for-
mation of PA embryo, and 10ng/mL leptin treatment
obviously increased the cleavage rate of PA embryo
(CRrAIG et al., 2004). In contrast, in another report, only
10ng/mL leptin significantly increased the rate of blasto-
cyst formation of PA embryo (ZHANG et al., 2007). In
bovine, leptin addition at 1 or 10ng/mL during oocyte
maturation increased the rate of blastocyst formation and
cell number per blastocyst derived from IVF embryo
(BOELHAUVE et al., 2005). In the current study, 10ng/mL
leptin addition obviously increased the rate of PA embryo
developed to the blastocyst stage in bovine. To determine
the influence of leptin on the developmental capacity of
yak-bovine interspecies nuclear transfer embryo, we
investigated the effect of 10 and 100ng/mL leptin treat-
ment designed according to the results of PA experiment.
In the present study, we proved for the first time that lep-
tin treatment at 10ng/mL during oocyte maturation strik-
ingly improved the development rate to the blastocyst
stage of the yak-bovine interspecies cloned embryo.
Moreover, leptin treatment at 10ng/mL produced preg-
nancies of yak-bovine interspecies cloned embryo at Day
120. Embryonic developmental capacity is an indicator of

oocyte quality. So, our study suggests that leptin pro-
moted the cytoplasmic maturation of bovine oocytes so
that the efficiency of yak-bovine interspecies nuclear
transfer was improved. Therefore, this study may indicate
a possible way to overcome the inefficiency of interspe-
cies nuclear transfer by promoting nuclear and cytoplas-
mic maturation of bovine oocytes.

Leptin receptor mRNA and protein are present in the
mouse preimplantation embryo (KAWAMURA et al., 2002).
The levels of leptin secreted by cultured human blasto-
cysts are significantly higher than that of arrested
embryos (GONZALEZ et al., 2000). Leptin and leptin recep-
tor proteins are expressed in in vitro matured oocytes, and
IVF or SCNT embryos in porcine (KM et al., 2006). In
pigs, CRAIG et al. (2005) demonstrated that 10ng/mL of
leptin in the culture medium increased the rate of cleav-
age and blastocyst significantly in the IVF embryos. Kim
et al. (2006) also reported that 1000ng/mL leptin addition
in embryo culture medium increased the rate of blastocyst
formation and the number of TE and total cells in SCNT
embryos, but leptin treatment had no effect on that of IVF
embryos. In mouse, KAwAMURA et al. (2002) reported
that 10, 100 and 1000ng/mL leptin addition promoted the
development of blastocyst, expanded blastocyst and
hatched blastocysts. In the present study, leptin at 100ng/
mL to the embryo culture medium increased the rate of
blastocyst formation of yak-bovine interspecies cloned
embryo. In addition, leptin at 100 and 1000ng/mL
increased ICM/total cell number of SCNT embryo com-
pared to the control.

It is well known that ICM/total cell number and apop-
totic blastomeres in blastocysts may reflect embryo qual-
ity. In the present study, leptin at 10ng/mL in IVM
medium increased ICM/total cell number of yak-bovine
interspecies cloned embryo, and 10 or 100ng/mL leptin
obviously reduced the incidence of apoptotic blastomeres
in SCNT embryo. Therefore, our study has shown that
leptin plays a positive role to improve the viability of
SCNT embryo when it is present in IVM medium or
embryo culture medium.

In conclusion, it was demonstrated that leptin supple-
mentation during oocyte maturation promoted the meiotic
maturation of bovine oocytes and developmental capacity
of PA or SCNT embryo. Moreover, leptin addition in the
embryo culture medium improved the development of
yak-bovine interspecies cloned embryo.
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Discrimination between susceptible and non-susceptible
Biomphalaria alexandrina snails — intermediate hosts of Schistosoma mansoni
in Western Saudi Arabia — using random amplified polymorphic DNA analysis
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ABSTRACT. Eight samples from infected and susceptible and from non-susceptible snails (Biomphalaria alexandrina) to Schisto-
soma mansoni infection were used in this study. Snails samples were studied at the genotypic level by RAPD analysis with two
arbitrary primers. The genetic distances between samples were measured by the percentage of unshared bands. The studied samples
separated into two groups according to their DNA fingerprinting. Thus this study has shown that the RAPD markers method has
proved useful in discrimination between susceptible and non-susceptible snails of Biomphalaria alexandrina.

KEY WORDS : Schistosomiasis, Biomphalaria alexandrina, susceptibility, genetic diversity, RAPD-PCR, primers.

INTRODUCTION

Schistosomiasis, is a disease caused by infection with
Schistosoma mansoni and S. haematobium. Biomphalaria
alexandrina and Bulinus truncatus are, respectively, inter-
mediate hosts of these parasites. S. mansoni and S. hae-
matobium are of great economic as well as medical
importance. Some 200 million people are probably
infected and 500-600 million more exposed to infection
(WEBBE, 1981). From laboratory observation, it has been
noticed that some snails of the genus Biomphalaria
exposed to infection with miracidia of S mansoni, develop
infection and produce cercariae, while the rest remain
uninfected. Sometimes non-susceptible snails outbreed
the susceptible ones and replace them (SHOzZAWA et al.,
1989; Mkoui et al., 1990). These observations lead to the
inquiry: do non-susceptible strains of freshwater snails
occur in Western Saudi Arabia? If so, it would be benefi-
cial to take advantage of this fact to develop methods of
control by introducing a resistant strain into water con-
taining a susceptible strain, in order to have a chance of
displacing them.

Susceptibility of snails to schistosome infection
depends on the metabolic status of the snail itself. One of
the metabolic activities depends upon the production of
reactive oxygen species by hemocytes from the snail
(BENDER et al., 2005). Phagocytes play a crucial rule in
host defence against pathogens, and their arsenal includes
the ability to initiate a respiratory burst (HAMPTON et al.,
1998). The generation of reactive oxygen species is
apparently essential for efficient killing of bacteria and
fungi (Roos & WINTERBOURN, 2002 ; REEVES et al., 2003).

The possibility that snail susceptibility or resistance to
S. mansoni is a consequence of differences in the respira-
tory burst has been addressed in previous studies with
schistosome-resistant and susceptible strains of Biompha-
laria glabrata (CONNERS & YOSHINO, 1990). HAHN et al.
(2000) and DIKkKEBOOM et al. (1988a; b) did not detect
strain differences.

The identification of molluscs is normally based on
morphological characters of the shell, renal, and repro-
ductive systems (PARAENSE, 1975). However, the identifi-
cation of some species may be complicated by the simi-
larity among these characters (PARAENSE, 1988).
Recently, molecular tools based on polymerase chain
reaction and restriction fragment length polymorphism
(PCR-RFLP) of the ribosomal RNA intergenic spacer
regions (ITS) have been used to overcome this problem
(VIDIGAL et al., 1998; CALDEIRA et al., 1998 ; 2000). The
detection S. mansoni infection in snails of the genus
Biomphalaria is usually through cercariae shedding
induced by artificial light exposure, or by squeezing
snails between two glass slides. However, these methods
cannot detect the parasite in dead snails or in the pre-pat-
ent period. In the latter, infection diagnosis is only possi-
ble after the parasite has completed its life cycle (3 to 4
weeks after infection), when cercarial release begins.
Thus, molecular methods have been used to detect S.
mansoni infection for those two situations (HANELT et al.,
1997; JANNOTTI-PASSOS et al., 1997; HAMBURGER et al.,
1998). Molecular techniques for S. mansoni detection in
snails have been used as a complementary tool when the
conventional techniques are not efficient. HAMBURGER et
al. (1992) diagnosed S. mansoni in Biomphalaria sp.,
through a DNA probe marked with 32P directed to a
repeated genome region of the parasite. HANELT et al.
(1997) were able to detect the presence of S. mansoni in
B. glabrata snails, during the pre-patent period, and dis-
tinguished S. mansoni from two other trematode species
by amplifying its 18S region from rDNA through
“nested” PCR.

The objective of this work was to determine if suscepti-
ble and non-susceptible populations of snails coexist in
Western Saudi Arabia, and to characterize such strains on
a molecular basis by comparing the DNA patterns of the
population of snails. Thereafter, it would be beneficial to
produce the non-susceptible snails in large numbers and
introduce them into the field. Natural selection would fur-
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ther act to increase the proportion of alleles for insuscep-
tibility and eventually provide some measure of biologi-
cal control of schistosomiasis in natural populations.

MATERIALS AND METHODS

Snail collection

One hundred snails were collected from different local-
ities and habitats (irrigation canals and drains, current
stream, ponds, dry canals etc ...) in the South-western
region of Saudi Arabia, and examined individually for
cercarial production. Snails were reared singly in either a
250ml or 400ml beaker with a Petri dish cover at an ambi-
ent temperature at 26°C. Tap water, aerated for at least 24
hours, was used for humidification, and snails were fed
oven-dried or fresh lettuce 2 or 3 times a week. Reproduc-
tion was by self-fertilization. Rooms in which snails were
maintained and experiments conducted were kept at a
temperature of about 26°C. Eggs laid by adult snails of
the first generation were reared. Each snail progeny to be
isolated from rearing was numbered from “1” on, matu-
rity being based on onset of egg laying. Each snail’s prog-
eny were maintained under standard laboratory condi-
tions as described above to give the second and third
generations of snails which were subjected to the same
biological studies.

DNA extraction

Total DNA was extracted from the combined foot and
eggs of selected snails. Briefly, the snail’s foot and eggs
were mechanically disrupted in 50mM Tris—HCI, pH 8.0
(100mM NaCl, 50mM EDTA, 0.5% SDS) and incubated
overnight at 37°C with 50mg/ml proteinase K. as
described by VIDIGAL et al. (1994). Following phenol/
chloroform extraction and ethanol precipitation, DNA
was resuspended in 10mM Tris—HCI, pH 8.0, ImM
EDTA, and DNA concentrations were estimated by com-
parison with known standards on 2% ethidium bromide
stained agarose gels.

DNA amplification

The protocol used was that previously applied to the
study of schistosome and Trypanosome cruzi (Dias NETO
et al., 1993; STEINDEL et al., 1993).

RAPD data analysis

Computer analyses of RAPD patterns were performed
as described by HALMSCHLAGER et al. (1994). The analy-
sis of data was based on the NEI & L1 (1979) Coefficient.
A dendrogram was constructed by the unweighted paired
group method of arithmetic average (UPGMA) based on
Jaccard’s similarity coefficient by using Phoretix ID soft-
ware (version 5.2).

RESULTS AND DISCUSSION

All snails were subjected to miracidia to determine their
susceptibility or resistance to infection. Eight snails of
Biomphalaria alexandrina were then selected for DNA

analysis: 4 infected with Schistosoma mansoni and 4 free
from Schistosoma mansoni cercariae. The primers (5'-
ACCTACCGTACTATGACG-3") and (5-GTTCCAGCC-
3") were used in this study, and generated a considerable
number of amplification products for comparison. Differ-
ent DNA banding patterns were present in almost every
isolate. Comparison of each profile for each of the two
primers was based on the presence (1) versus absence (0)
of RAPD amplimers that migrated to the same position in
the gel. Bands of the same size obtained by the same
primer were scored as identical, but only bands repeatable
in at least two experiments with the same primer at differ-
ent times were evaluated. Individual amplifications of both
susceptible and non-susceptible snails with the two prim-
ers are illustrated in Figs 1 & 2. There are very limited dif-
ferences in the amplified bands of the individuals within
each population. The only reproducible differences we
have noticed are between the two types of snails (suscepti-
ble and non-susceptible). The total number of bands scored
was 165, with the average number of bands scored per lane
being 10.3 (Figs 1 & 2). According to DNA patterns, the
primers we used revealed a very high degree of similarity
among the samples of the non-susceptible group, and also,
separately, among the samples of the susceptible group
(Figs 1 & 2). On the other hand DNA patterns of the two
primers showed big differences between the samples of
non-susceptible group and those of the susceptible group
(Figs 1 & 2). So, the results showed that there are intrapop-
ulation differences in Biomphalaria alexandrina between
susceptible and non-susceptible snails.

Using RAPD-PCR, ABDEL-HAMID et al. (1999) showed
that there are intrapopulation differences within a species
(Biomphalaria tenagophila) between susceptible and
non-susceptible snails. Thus, when tissues from several
individuals of the same population are pooled, one can
obtain a pattern which is to some extent distinctive of the
strain. Also, they reported that as there is relatively
restricted genetic variation between susceptible and non-
susceptible snails within the same species, it is indeed
possible that the susceptibility of snails to parasitic infec-
tion is genetically controlled.

Our combined data from all samples using two differ-
ent primers were analyzed to produce a dendrogram (Fig.
3). According to the dendrogram constructed from RAPD
data, the samples of Biomphalaria alexandrina split into
two RAPD groups corresponding to the infection status.
Our results indicated that RAPD primers were useful for
distinguishing snail populations with respect to suscepti-
ble and non-susceptible properties. ABDEL-HAMID et al.
(1999) suggested that RAPDs should be highly useful for
phylogenetic analysis among closely related individuals.
This suggestion is in agreement with both BARRAL et al.
(1991) and VipicaL et al. (1994) who indicated that
RAPD markers are a highly resolving and helpful tool for
investigation of variability. They provide a simple tech-
nology that can be used to rapidly distinguish species,
strains and sexes in laboratory conditions. Also, SIMPSON
et al. (1993) proved that RAPD is undoubtedly a powerful
approach for analysis of genetic variation and the identifi-
cation of genetic markers. So, RAPD is of particular
value in the study of genetic variation of snails and would
allow the design of specific primers for genome analysis.
RAPD is finding increasing use because of its technical
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simplicity. NEWTON (1962) considered that susceptibility
or resistance of a snail to infection is an hereditary char-
acter. RICHARDS (1970), RICHARDS & MERRIT (1972) and
NABIH & EL-ANSARY (1990) confirmed this contention by
extensive studies on the genetics of B. glabrata and B.
alexandrina snails. They suggested that the specificity
relationship between the parasite and its intermediate host
snail is genetic. Moreover, RICHARDS (1984) showed that
resistance to infection in adult snails is governed by a sin-
gle gene according to mendelian genetics. This sugges-
tion has some support from the findings of KNIGHT et al.
(1991) and LARSON et al. (1996) who described the occur-
rence of genetic polymorphisms between resistant and
susceptible snails through the use of restriction fragment
length polymorphism (RFLPs) in the rRNA gene as well
as RAPD assays. The differences in the DNA patterns
were expected, since it was previously reported by
KNIGHT et al. (2000) that there were different genetic
strains of a single species of snails from the same locality
and they varied in their degrees of resistance, and even
among susceptible stocks certain individuals were more
resistant than others. Recently, ABDEL-HAMID et al.
(2006) studied genetic variations between strains suscep-
tible and resistant to Schistosoma infection within B. alex-
andrina snails using random amplified polymorphic
DNA analysis technique. Their results showed that 39.8%
of the examined field snails were resistant, while 60.2%
of these snails showed high infection rates. ABDEL-HAMID
et al. (1999) reported that the availability of isogenic snail
lines has made it possible to use molecular tools to deter-
mine the degree of genetic variability between them.
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Fig. 1. — RAPD fragments generated by the primer (5'-
ACCTACCGTACTATGACG-3") for eight samples of Biom-
phalaria alexandrina. Lanes: 1-4, non-susceptible samples and
Lanes: 5-8, susceptible samples.
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Fig. 2. — RAPD fragments generated by the primer (5'-
GTTGCCAGCC-3") for eight samples of Biomphalaria
alexandrina. Lanes: 1-4, non-susceptible samples and
Lanes: 5-8, susceptible samples.
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Fig. 3. — The dendrogram showing the relationships of differ-
ent Biomphalaria alexandrina samples. Genetic distances

were obtained by random amplified polymorphic DNA analy-
sis using two different primers.

By comparing genomic DNA of susceptible and non-
susceptible snails using two primers, we found a compo-
nent that the susceptible ones produced that was lacking
in the non-susceptible ones, that would make them non
susceptible. In subsequent studies, it might be possible to
insert (or delete) this component in susceptible snails by
treatment with specific mutagens (ABDEL-HAMID et al.,
1999).

So, we suggest that such genetically altered varieties in
snails of Biomphalaria alexandrina could then be
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released into areas endemic for schistosomes, following
treatment of these areas to remove most or all of the
genetically unaltered susceptible snails. This concept will
lead to genetic control of schistosomiasis.
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Paedomorphosis in the banded newt, Triturus vittatus (Jenyns, 1835)
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Paedomorphosis, the phenomenon of gaining sexual
maturity while retaining the external larval morphological
features, has been well known in salamanders and newts
since its first description in Ambystoma mexicanum by
Dumerill in 1866 (1). Paedomorphosis has been noted in
57 species of newts and salamanders, distributed in nine
families. Of the 12 species in the genus Triturus (2), the
paedomorphic forms of nine (7. alpestris, T. boscai, T.
carnifex, T. cristatus, T. helveticus, T. italicus, T. mar-
moratus, T. montandoni and T vulgaris) have been
described (3-11). However, paedomorphosis has not been
previously documented in 7. vittatus.

In this paper, we introduce new data regarding the
occurrence of paedomorphosis in the genus Triturus by
describing the paedomorphic females for the first time in
T. vittatus.

The study site comprised two separate but nearby irri-
gation pools of approximately 513m? connected by large
pipes, in the vicinity of Sakarya, Turkey (41° 02° N, 30°
37" E). We captured 47 specimens of 7. vittatus on 23
March 2006, of which four were paedomorphic, and
transported them alive to our amphibian laboratory. We
placed each of them with a metamorphic male in separate
20 litre glass aquaria and provided some small-leaved
aquatic plants.

Paedomorphs and metamorphs in captivity displayed
courtship behaviour and then breeding activity. Three of
the four paedomorphic females deposited 174 eggs in
total (n: 35, 41 and 98 by each female) and 54 larvae
developed from these eggs. Retention of external gills in
the mature individuals was an external cue to their paedo-
morphosis (Fig. 1A). The females started to loose their
external gills gradually in captivity after laying their eggs
(Figs 1B-C). SVL of the paedomorphic females ranged
from 3.6-4.5cm with a mean of 3.9+0.86cm. Their exter-
nal pattern and colouration did not differ from the other
adult forms of the same population. A large sized
(SVL=41mm) larva of T vittatus has also been noted by
KosswiG (12) but it had not been demonstrated to be a
paedomorphic form.

Until now, the banded newt, Triturus vittatus was not
known to be paedomorphic; here we describe the occur-
rence of paedomorphosis in this species for the first time.
However, because of the small sample size of the paedo-
morphic forms, we cannot yet point out the exact cause of
this phenomenon.

Fig. 1. — A paedomorphic female of Triturus vitta-
tus (A); the external gills of paedomorphic
female: retained (B), reduced (C).
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