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Abstract

Little is known about the reproductive biologfthe codfishes (Gadidae). Lacking direct
observations, the study of secondary sexuataiteristics can provide cues to their
reproductive biology and behaviour. We mwved here published accounts on sexual
dimorphisms in 25 gadids in light of their gerdifastyle, i.e. pelagior demersal, and social
behaviour. In addition, complemiary data on fin lengths drdrumming muscle size in
haddock ielanogrammus aeglefinus), saithe Pollachius virens), blue whiting

(Micromesistius poutassou) and cod Gadus morhua) are presented. Capacity for sound
production occurred in almost haif the studied species, butsvaost prevalent in demersal
species, where it is probably usaedesource contests and ttract mates. For semi-pelagic
gadids, we postulate thaiund production may be linked tioe formation of male-biased
spawning shoals and the attirantof females towards such shoals; we identify candidate
species to further test this hypothesis. Thougblyatudied, sexual fin dimorphisms occur in
several gadids. Cod, saithe and blue whiting enaéeve longer pelvic fins than females,
whereas no such dimorphism was observduhnidock. In cod and haddock, males use pelvic
fins during courtship of females and agonistncounters with other males. Pelvic fins
probably have a similar function also in otlgadids. The hitherto available information on
sexually dimorphic traits and/or courtship behaviour in 7 gadid spsuggests that complex
mating systems and non-random mate choice odrgaently in this important group of

exploited fishes.

Key words; Codfishes, sexual selection, mating systems, fin dimorphisms, sound

production
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Introduction

Sexual selection, typically through female chateertain male traits, can lead to the
emergence of secondary sexual characterigtisgxual dimorphisms, provided there is a
genetic component to the varan in said trait (Ryan 1997). 8k traits are thought to give
females either a direct, e.g. more offspring pomdl or indirect, e.g. gher quality offspring,
benefit. Sexual selection can result in sexliaorphism in size, body structure or colour
(e.g. Kodric-Brown 1990, Hendry & Berg 1999, Gardner 2010). Teleost examples abound
and include the genuéphophorus where males develop ‘swordtails’ or elongated caudal fins
(Basolo 1990a) and females show preferencenfales with longer swords (Basolo 1990b),
whereas dominant black goBobius niger (Linnaeus, 1758) males have a distinct dark
nuptial colouration (Mazzold& Razzotto 2002). Given that sexual dimorphisms are
commonly closely linked to reproductive belawi, they may therefore provide important
insights into the mating systemssgfecies that are poorly understood.

The codfishes (family Gadidae) comprisgmerous species of which many are of
significant commercial and cutal importance and have been harvested for thousands of

years (Cohen et al. 1990). Désphis, little isknown about their mating behaviour and

reproductive systems, because most spawn in the ocean at depths where direct observations of

spawning behaviour are diffituOnly Atlantic cod (Gadus morhua Linnaeus, 1758) and
haddock ielanogrammus aeglefinus Linnaeus, 1758have been subject to close scientific
scrutiny.

Laboratory studies have demtnaged that during the peoductive period, male cod
and haddock court females and there is pronedilaggression between males (Brawn 1961a,
b; Hutchings et al. 1999; Hawkins & Amorim@®). In cod, these behaviours appear to be
energetically costly (Skjeeraasen & Hutchi2§d 0; Skjeeraasen et @010a) and linked to

individual male reproductive success (RowaleR008), suggesting the presence of female
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choice (Rowe et al. 2008; Skjeeraa®t al. 2010b). Concurrenttivthese displays male cod

and haddock also produce sound (Brawn 1961a; Hawkins & Amorim 2000). In the field, male

cod are observed to form dense sex-biakedls (Morgan & Trippel996; Nordeide 1998),
which females appear to visit at the timenwdting (Robichaud & Rose 2001; Meager et al.
2009, 2010). The cod mating system has theedfeen suggested to resemble a lek
(Hutchings et al. 1999; Nordeide & Folsta000; Windle & Rose 2007; Meager et al. 2010).

Cod and haddock vocalise during reproductive displays with ‘drumming muscles’,
large pairs of striated muscles attactethe swim bladder (Brawn 1961c; Hawkins &
Amorim 2000; Nordeide et al. 2008). These nhesare larger in cod and haddock males than
females during the reproductive period (Hawgkil993; Engen & Folstad 1999). Hawkins and
Rasmussen (1978) examined sound productiordeunmdming muscles inine gadid species
and found that they were presa@mall sound producing specidsjt not in ‘silent’ species.
Similarly, the pelvic fins of male cod aat¢so used in both coiship and aggressive
behaviours (Brawn 1961a,b) an@ darger in males than females (Skjseraasen et al. 2006).
Examination of secondary sexual dimorphisms in combination with insights into shoaling
dynamics and lifestyle thus represents awlgebl for making inferences about the
reproductive behaviour and theredgxual selection of species difiit to observe in the field.

Here we review the literature on theesence of sound production and sexual
dimorphisms in gadids in the light of theirrgal lifestyle, i.e. dagic or demersal, and,
where such information was available, shogibehaviour during reprodtion (Table 1). In
addition we present new data on fin lengthd drumming muscle size four common North
Atlantic gadidshaddock, saithePpllachius virens Linnaeus, 1758), blue whiting

(Micromesistius poutassou Risso, 1826) and cod.



85 Material and Methods

86 All fish sampled for the purpose of the prassmdy were sourceddm the Institute of
87 Marine Research surveys conducted betwesbruary and April 2007. Northeast Arctic
88 (NEA) haddock and saithe (~ N 70° 38, E 20° 50) were caught in the Barents Sea. Cod were
89 sourced from catches at the main spawnimgigds for NEA cod in Lofoten (67° 38, E 1°
90 30). Blue whiting were caught the Faroe-Shetland Channel (~ N 59° 48, W 07° 43). See
91 Table 2 for further information on sample siz&l fish were frozen to — 30° C immediately
92 upon capture, and subsequently transported teeadr room (— 30° C) at the University of
93 Bergen until they were measured in June—July 2008.
94
95 Laboratory measurements of fin lengths and drumming muscle size
96 Fish were first thawed for approximatelg—20 hours before total length (£ 1 cm) and body
97 weight (x 1 g) was measured. We then meastiredength of the longegelvic and pectoral
98 fin ray from the base of the fin to the tiptbe ray with callipers (x 1 mm). For the three
99 dorsal and two anal fins we followed the prdare of Engen & Folstad (1999) and measured
100 the length of the third finay along the length of the spincounting in a head-to-tail
101 direction. This is usually the longest fin ray.efonly exception to this procedure was the first
102 dorsal fin of haddock where we measured thetten§the first fin ray, which is the longest
103 fin ray for haddock. Only whole, undamaged fin rays were measured.
104 Fish were then gutted and sexed basedhacroscopic examination of the gonads. All
105 drumming muscles were subsequently rendaysing forceps. These were placed in
106 numbered aluminium trays and dried at 60° @ wrighed daily (£ 0.0004) until the weight
107 remained stable and no more weight lossuored to obtain muscl@otein weight and
108 exclude water. We took the utmost care tooee and only weigh the drumming muscle itself

109 and not any connective figs or swimbladder tissue.
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Data analyses

In addition to the results dfie present study, we examined published research on gadids for
records of sexual dimorphisms, drunmgnimuscles, sound production, reproductive
behaviour, spawning shoaling dynamics, and habitat association.

For the new data, we tested for sexual@iphisms by comparingelvic-fin length or
drumming-muscle mass between sexes usinG®@MAs. We controlled for the effect of
body size by including totdength as the covariate for anadgsinvolving fin length as the
response variable, and total weight imlgses where drumming muscle mass was the
response variable. The initial models atemtained an interaction term between the
categorical variable sex and slope. If thisgpaeter was not significant, i.e. slopes were
homogenous, a standard ANCO\&Aalysis was applied. All sa and length data, i.e. both
the response and covariate variables, werettagsformed to meet the assumption of
normality and to linearise allometric relationshipée also investigatetthe variability in
pelvic-fin length and drumming-muscle mass bynparing the coefficient of variance (CV)
for each trait, because theory suggestssbatially selected characters exhibit large
individual variaton (Andersson 1994).

We then used partial coregion to measure correlatim@tween pelvic-fin length and
drumming muscle mass while correcting for tdtadly length. This test determined if there
was a trade-off between pelvicHiength and drumming-muscle size, i.e. do males with large
pelvic fins have small drumming muscles aftentrolling for fish sze (e.g. Engen & Folstad

1999). All three variables were legansformed to linearise relationships.



133 Sexual dimorphism in morphological characters

134  Drumming muscles

135 Sound production has now been described in rii@e 800 teleosts world wide (Kaatz 2002).
136 Sound can be produced by various means such as extruding gas through the cloaca (Wilson et
137 al. 2004) or rubbing fintogether (Fine et al. 1996), ke most common mechanism of

138 making sound in teleosts is contracting muselttached to the swimbladder wall, i.e. the
139 ‘drumming muscles’ (Ladich & Fine 2006).

140 In accordance with the results of Ham&k & Rasmussen (1978), drumming muscles
141 were present in cod and haddock, but not itheaand blue whiting (Table 1). For haddock,
142 there was a strong, significant differencelimmming muscle ge between males and

143 females with males having bigger muscleg {§=251, p<0.0001kig.1). Overall, the slopes
144  of the drumming muscle size-body size relatiops did not differ between sexes (p>0.05),
145 but this result was strongly influenced by a single point: a male with a very small drumming
146  muscle (Fig. 1A). If this male was excludiedm the analysis, the difference in drumming
147 muscle mass between the sexes increased with size{E51, p<0.0001Fig. 1A). For a

148 given body weight male haddock also hagés drumming muscles than male cod

149  (F@.95=80.5, p<0.000.1Fig 1AB, Table 2). The partigbrrelation coefttients did not

150 indicate that males with biggdrumming muscles had shorter pelvic fins for either cod

151 (r=0.108, p=0.47) or haddock=0.096, p=0.53).

152 Cod mating sounds consist of calls of gtthuration, i.e. grunts and hums (Brawn

153 1961c; Finstad & Nordeide 2004), whereas haddock can produce long pulses lasting for
154 several seconds with a number of ‘knocksag@kins & Amorim 2000). The larger drumming
155 muscle size of male haddock compared malarly-sized cod (Table 2, Hawkins 1993) thus
156 concurs with their larger wal repertoire. The observedxual dimorphism in haddock

157 drumming muscle was also noted by Havek{h993). Sound production may vary between
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populations (Mann & Lobel 1998; Parmentatral. 2005; Amorim et al. 2010) and
individuals (Amorim et al. 2011jor cod, such differences inglHrequency of vocalisations
are positively associated with drummgimuscle mass (Rowe & Hutchings 2006).

The presence of drumming muscles has, to our knowledge, been examined in 25
different gadids (family Gadidae) to datele 1). Eleven specig®ssess well developed
drumming muscles in the adult stagight of these have a predominantly demersal lifestyle.
The only clear exceptions were the benpietagic Atlantic cd, walleye pollock Theragra
chalcogramma (Pallas, 1811)) and the pelagic/bentho-pelagic pollBokdchius pollachius
(Linnaeus, 1758)) (Table 1). It seems further likely tloansl production during reproduction
is not only found in the Gadidae family, but eet could be more widespread in the order
Gadiformes. Indeed, drumming muscles hbgen reported for European hakée(luccius
merluccius (Linnaeus, 1758)) (Groisaet al. 2011). Many gadiforms are demersal, a lifestyle

that appears to favosound production (Table 1).

Fin lengths

Sexual fin dimorphisms are found in many telegstg. Ostrand et al. 2001; Park et al. 2001)
and may take on very elaborate forms (e.gtdat et al. 2006Britz & Conway 2009).
Notably, we found only the pelvic fin to be saly dimorphic in the gadids examined. There
was no sexual dimorphism in dorsal, anal ectpral fins for haddoclsaithe or blue whiting

(p > 0.05 for all cases). In contrast, pelvitsfwere sexually dimorphic with males having
longer fins than females for saithgi(fes=9.09, p<0.01, Fig. 2) and blue whiting
(F,297=17.9, p<0.001, Fig. 2), but not for haddock (&=0.798, p=0.38). The slopes of the
fin length-body length reteonships did not differ betweesexes for either species (p>0.05).
Fin lengths were not compared between sexelldotheast Arctic cod, because only 2 out of

the 50 sampled fish were females (Table 2)dod have previously been shown to possess
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sexually dimorphic pelvic fins (Skjeeraaserakt2006). Fish were generally well above the
size at which maturation ixpected to occur (Table 2).

Our results concur with the resultsAridersen & Jakupsstova (1978) who detected
sexual dimorphism only in the pelvic finslgiie whiting and Engen & Folstad (1999) who
examined the ventral and dorsal fins of Norwegian coastal cod and found them not to be
dimorphic. Sexual dimorphism in the pelvic fissot restricted to gadids, but has also been
reported for various other families (e.g. Satlke& Whiteside 1977; Barbieri et al. 1992;
Oliveira, & Almada 1995; Kottelat et al. 200Britz & Conway 2009; Arbour et al. 2010).
Yamanoue et al. (2010) proposeditthe pelvic fin may be me readily modified by sexual
selection than other fins given thémited use for propwion during swimming.

In our complementary data analysis wetéd whether sexually dimorphic traits had a
larger CV in males than females. The coeffitigivariation (CV) was generally lower for fin
lengths than for body weight drumming muscle mass, bwe found no indication that
males had a larger CV than females in the dgxdamorphic traits (Take 2). These findings
match the results of Skjeeraasen et al. (20@@gntial explanations for why this occurs are

outlined there and therefore not reiterated here.

Sexual dimorphisms in relation to habitat use, sound production and social

behaviour

Sexual dimorphisms can give insights into mating systems. For exampaedocypris
progenetica (Kottelat, Britz, Tan & Vitte, 2006) the males possess modified pelvic fins with
hypertrophied muscles ankaratinized pad in front of the & girdle (Kottelat et al. 2006).
This is thought to function as a claspindhoiding device used during reproduction to either
facilitate internal fertilization, secure the malposition on a spawning site, or give males the

possibility to manipulate eggs.
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Compiling the limited drumming muscle datad general life-history information of
the different gadid species, some paemerge. Firstly, drumming muscles, and
presumably sound production appear commonpbatir predominantly in demersal species
(Table 1). As in other teleosts, gadide ssund production for social communication (Ladich
& Fine 2006). The main contexts in whiobusid production occurs are male mating calls and
aggressive vocal displays towards other sdigring the reproductive period and in food and
territorial contests (Awkins 1993). The latter may thumolve both juveniles and adults
throughout the year. Arguably, tearial contests are more liketo occur at the seafloor
where potential landmarks may make researdefendable (Brawn 1961c). Tentatively
supporting this, some of the world’s most higtabcal fish are both demersal and highly
territorial such as Lusitanian toadfiblalobatrachus didactylus (Bloch & Schneider, 1801)
and plainfin midshipmaPRorichthys notatus (Girard, 1854) (e.g. Bass et al. 2008; Amorim et
al. 2010). Saithe are interesting as theygess drumming muscles as juveniles when
occupying the demersal, benthic habitat, but thelse muscles in the @tk that are pelagic
(Hawkins & Rasmussen 1978). For saithe,ghmary function of sound production may thus
be to support interference competition for fmvdshelter or social aggregation formation
during the juvenile phase.

Drumming muscles are absent in most pelagmi-pelagic gadids examined to date
(Table 1). The only exceptions were the benpelagic cod and walleye pollock and the
pelagic/bentho-pelagic pollack. Instingly, the pelagic whitingerlangius merlangus
(Linnaeus, 1758) exhibitmilar reproductive behaviour twd and haddock, but drumming
muscles are absent and no sounds are prodlwedy reproduction (Hawkins & Rasmussen
1978). Hence, although sound production is asstiaith courtship and aggression in cod

and haddock, it is not an obligatory fe# of gadid reproductive behaviour.
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It has been suggested that sound prodndti male haddock may be important in
attracting distant females to male-biaseavaping aggregations (Hawkins and Amorim
2000). This is known as acousticothsing, and has been well siediin other taxa such as
insects and lekking anurans (e.g. Ryan et al 188%tellano et al 2009). Fishing targeted at
northeast Atlantic haddock spaing shoals produce catchd@minated by males, clearly
indicating that haddock do indeed form such Bmsed shoals (Knut Korsbrekke, Institute of
Marine Research, Bergen, Norwggs. comm.).

Male cod aggregate in reqmtuctive shoals that resemble leks and produce a loud
chorus that can be detected several kilometers away (Nordeide & Kjellsby 1999; Nordeide &
Folstad 2000). Formation of similar sex-biaskdads has also been noted for walleye pollock
(Baird & Olla 1991 and referencéserein), but has hitherto not been examined in the sound-
producing bentho-pelagic/pelagiollack. Interestingly, the In¢ho-pelagic gadoid European
hake possess drumming muscles (Groison. &0dl1), and the closely related Argentinean
hake Merluccius hubbsi Marini, 1933) form sex-biased shoals off the Patagonian coast
(Martin Ehrlich, INIDEP, Buenos Aires, Argentinaers. comm.). Previously it has been
suggested that sound productiorgadids may be linked to fisize in relation to predation
pressure, i.e. larger gadids are safer fromaioed and have much lower risk when producing
sound (Hawkins & Rasmussen 1978), and, secondlyjttls mostly absent in schooling fish
(Hawkins 1993). Whilst our comparative analydies not dismiss such explanations (Table
1), we suggest that there is clearly merigxamining whether sound production is also linked
to the formation of sex-biased spawning shedienever present in semi-pelagic gadids.
Obvious candidates for a comparative stuadythe sound-producing bentho-pelagic/pelagic

pollack and the ‘silent’ pelagic saithe (Table 1).
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The male pelvic fin likely has a special sigeaince during reproduction gmdids. It has been
shown to be used prominently in both colifts towards females and during antagonistic
interactions between males for cod dwadldock (Brawn 1961a, b; Hawkins & Amorim
2000). Similar reproductive behaviour has dsen observed for walleye pollock (Baird &
Olla 1991; Park et al. 1994) and whiting (Hams & Rasmussen 1978), which thus might be
expected to also show the same fin dimapts. Given the observed dimorphism in blue
whiting and saithe (Fig. 2), simil@ourtship and antagonistic diaps may be present in these
species as well. It is curious that the pefins were not sexually dimorphic in haddock,
despite their documented use in haddockagypetive behaviour (Hawkins & Amorim 2000)
and in contrast to the dimorphisms extediby our other study species. We can only
hypothesize as to the causes, but it may bethleatlarge investmenh drumming muscle

size (Fig. 1) and the associated, compleavwkins & Amorim 2000), energetically costly
sound production (e.g. Amorim et al. 2002} iendered the development of sexually

dimorphic pelvic fins.

Concluding remarks

Our review of previously published accountdigates that drumming muscles, and as a
consequence, sound production, is common indgadind seems to be associated primarily
with the benthic habitat. Clego the bottom, sound productiprobably has a function during
both contests for food and territories, andrf@te attraction anaigonistic encounters

between males, mainly during the reproducigason. For pelagic/bentho-pelagic gadids, the
presence of drumming muscles may be linkeithéoformation of sex-biased spawning shoals
during spawning, but more research is nedgdddrther investigate this assumed function.
The sexually dimorphic pelvic firare likely to play an importd role during reproduction in

some North Atlantic gadids, potgadly in support of male cotship and aggressive displays.

12



281 Sexually dimorphic traits and/or courtshiphbgiour have been studied only in few gadid

282 species so far. Complex mating systemsraoarandom mate choice may be widespread and
283 hence we encourage morphological studies to Bglktinto the reprodctive biology of this

284 important group of partially hedy exploited fishes. Such stied should preferably also be
285 designed in a way that makes itspible to further disentangle inter-, intrasexual, and natural
286 selection and their differential influences on dimorphic abi@rs (e.g. Lailvaux & Irschick

287 2006, Bonduriansky 2007, Clutton-Brock 2009).

288
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447  Figure 1.Drumming muscle mass of male (gyeand female (black) (A) haddock
448 (Melanogrammus aeglefinus) and (B) cod Gadus morhua). The white point (A) indicates the
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Table 1. Summary table of information on adult hahisatcial behaviour and sexual dimorphism in codfishes (Gadidae); maximum size (total lengthpromijictere
behaviour (RB); presence of, and sexual dimorphism in drumming muscles (D, drumming pneseht, SD, sexually dimorphic dmang muscle), and the presence of
sexual pelvic-fin length dimorphism (PFD) sorted accordirfgptuitat. Under ‘Habitat’, D denotes demersal, P denotes pedagid3eP denotes bentho-pelagic. Under ‘RB’,
A denotes the presence of aggressive behaviour and C courtishipdug during reproduction. Under D/SD the first Y denotesptiesence of drumming muscles and *
indicates that actual sound production & #pecies has been recorded. The secandi¥ates that the drumming muscle haeef shown to be sexually dimorphic. ** -
juvenile, but not adult saithe possess a drumming muscle. N denotes the absence of a drummirgehigscfer dimorphism'—" Indicates that the species in question has
not been examined for this particular trait. Data on habitdtmaximum size (cm) were obtathfrom the FAO species catalogi@hen et al. 1990).

References

Species Habitat Size RB D/SD
Melanogrammus aeglefinus (Linnaeus, 1758) D 100 AC Y*Y
Raniceps raninus (Linnaeus, 1758) D 30 - Y*/-
Gadus ogac (Richardson, 1836) D 70 - Y/-
Boreogadus saida (Lepechin, 1774) D 40 - Y/-
Molva molva (Linnaeus, 1758) D 200 - Y/-
Molva dypterygia (Pennant, 1784) D 155 - Y*/-
Brosme brosme (Ascanius, 1772) D 110 - Y/-
Gaidropsarus mediterraneus (Linnaeus, 1758) D 50 - Y*/-
Gaidropsarus vulgaris (Yarrell, 1836) D 60 - N
Ciliata mustela (Linnaeus, 1758) D 25 - N
Enchelyopus cimbrius (Linnaeus, 1776) D 41 - N
Microgadus proximus (Girard, 1854) D 30 - N
Eleginus navaga (Pallas, 1811) D 42 - N
Eleginus gracilis (Tilesius, 1810) D 55 - N
Pollachius virens (Linnaeus, 1758) P 130 - N**
Gadiculus argentus (Guichenot, 1850) P 15 - N
Micromesistius poutassou (Risso, 1826) P/BeP 50 - N
Pollachius pollachius (Linnaeus, 1758) P/BeP 75 - Y*/-
Trisopterus esmarkii (Nilsson, 1855) P/BeP 20 - N
Trisopterus minutus (Linnaeus, 1758) BeP 40 - N
Trisopterus luscus (Linnaeus, 1758) BeP 45 - N
Gadus morhua (Linnaeus, 1758) BeP 200 AC Y*Y
Merlangius merlangus (Linnaeus, 1758) BeP 70 AC N
Theragra chalcogramma (Pallas, 1811) BeP 80 C Y/-
Gadus macrocephalus (Tilesius, 1810) BeP 100 N N

Hawkins & Rasmussen 1978; Hawkins & Amorim 2000; this study
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978 — only examined in males
Hawkins & Rasmussen 1978
Almada et al. 1996
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978, this study
Hawkins & Rasmussen 1978
Andersen and Jakupsstova 1978; Hawkins and Rasmussen 1978; this study
J. Nilsson, Institute of Marine Research, Bergen, Nonpass. comm
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978
Brawn 1961 ab; Morgan & Trippel 1996; Engen & Folstad 1999; Skjaeraasen et al. 20
Hawkins & Rasmussen 1978
Hawkins & Rasmussen 1978; Baird & Olla 1991; Onuki & Somiya 2006
Sakuri & Hattori 1996
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463

464

465

466

467

468

Table 2. Summary of morphological measurementgay (M) and coefficient of variance
(CV) of total length (TL, cm), total weigliT W, g), drumming-muscle dry weight (DR, g)
and lengths (cm) of the first (D1), second —(C#2)dl third dorsal - (B) fin, pectoral (PF),
pelvic (PL), pectoral (PF), arfast (A1) and second (A2) anéh (all lengths are given in

cm). Numbers in parentheses indicate sarske. Not all fin measurements were conducted

on each sample.

Blue whiting Haddock Saithe Cod
3 (10) ¢ (25) 3 (50) ? @7 d (56) ? (7 3 (48) Q@
M CV. M CV M Cv M Cv M Ccv M (0\% M Cv M CV

TL 249 006 258 005 498 0.16 531 1®. 650 021 606 021 709 009 68 -
TW 99 0.27 103 0.17 1450 0.48 2010 3®. 2806 0.67 2393 0.68 3570 0.23 3613 -
DR - - - 22 057 037 0.55 - - - 050 0.68 0.16

D1 24 009 24 017 63 017 6.7 18. 40 027 37 028 55 017 538 -
D2 21 014 24 014 34 035 35 16. 32 029 29 029 44 022 46 -
D3 16 010 15 022 25 031 26 20. 20 048 16 042 46 016 4.6 -
PF 30 014 31 010 52 026 57 1®. 53 022 49 025 66 011 6.5 -
PL 18 019 11 039 34 020 35 1. 31 041 24 041 56 010 51 -
Al 18 015 19 014 37 022 41 18. 38 027 35 030 49 025 49 -
A2 16 006 15 015 26 030 283 20. 21 051 16 045 48 012 4.8 -
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