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LETICrA MARTÍNEZ DE MURGUÍA n, MaANGELES VÁZQUEZ ("'*), 
JOSÉ LUIS NIEVES-ALDREY (***) 

THE FAMILIES OF HYMENOPTERA (INSECTA) IN AN HETEROGENOUS 
ACIDOFILOUS FOREST IN ARTIKUTZA (NAVARRA, SPAIN) 

LE FAMIGLIE DI HYMENOPTERA (INSECTA) IN UNA FORESTA ETEROGENEA 
ACIDOFILA IN ARTIKUTZA (NAVARRA, SPAGNA) 

ABSTRAcr 

liyme.l1o¡;/el'o were used a nn indicalor gl'OUp 10 assess lh . dlver 'it of lhe cmi-naturaJ 
acid ~ resl in Arlikl.l17.8 (Navan-a pain). [n Ihis papel' we de cribe t b data rclativc lO laXO
nomic comp sition, relalivc abl.lndance and spalia1 and temporalactivit fol' Hy/JIenopterQ (am
ilies recorded fl'om six Ma1aise trap in Iw adjacent vegclalion SI.ICC ¡onal sedes (beechwood 
and mixed [oreSI) Qver a two year periodo 

J TRODUCTJON 

The European sLI'ategy for biodiveJ il con ervaoon i designed lo eneourage the 
re ' loraUon and c 11 ervati 11 of natural fore t fOl" sustajnabJe reSOllI'ce management 
(DF.LBAI!lU!, 1998). roresL fragmenlatjon ha been shown Lo b 3n important Eael r in 
pi ' diveJ' ity and e mmunil U''UCLure con rvalion (SAUND.RR el al., 1991; 

DIONAM, 1997) . U1 Guipúzeoa (Ba que C untry, Spain) impaet of inten iv Pi/1US radi
ala planlali 11 011 native decid u u fore t is 00 the maio caus> of habüat 1 s and 
fragmenlatlol1 thal ha shown to reduce pe ie ' divcrsil (SCA, 1980). 

Concem o r this situati n and lh lack ol' information 011 [he regional foresL bio
diversit , parlieularJy wiLb respecl lO inv rlebrat ,prompted lhe inve ·tig-d.tion fa 
biologi al eenosi of l1igh taxonomie ancl eeologieal diver ity in a regenerating emi· 
natural y ' tem in Lhe forcst re erve of Artikutza (Goizuela, a an-a). Richness o[ 
hjgher Laxa, as families, is onsid red as a potenUal tool ~ ,' spee.ies dchn 
(GASTO ' & WILWAM , 1993; BAJ..MFORO el al., 1996). 

The inseet fauna f tCJTestl'ial ecos stem repre enl3n olial eomponenL of 
biocliversity (OLEMBO, 1991; KIM, 1993) and a aluable tool for defining lh con r
vation stalu oE envir nm nl (ROSI!N13ERG er al., 1986; COLUN & 1'IIOMA$, 1989; 
HOLLOWAY & STOR , 1991; KREMF.N el aL, 1993; SAMWAYS, 1994; Fr, NAMORE, 1996). 1'h 
I-Jymen.op/era repre enl 20-25% of Europe' fauni lÍe riehne (revES-ALDREY & 
FONT/\L- AZA!.t,;\, 1999; ULRtClt, 1999a) and aeeount, in Eur pean Lemperale f re lS, 

more lhan 700 spe ies in al least len ee Jogieal gl.lilds (HtLPERT, 1989; ULRI 11, 

1998). 

(") Opto. de EI1l mologra. Sociedad de ¡eneias Aran:r.adi. Elkano Bidea, 3 1 (Zorr aga) , 
20014. Donoslia, San eba Lián. 

( .. ) Op . de Bio1ogfa Animal J. Facullad de iencias Biológica. niversidacl Complutense 
de Madrid, Ciudad Univ l'Sitaria, 28040 Maddd. 

C .... ) OpIO. de Bioclivcj'sidad B. Evolutiva (En!9mología) Museo 'aciona) d Ciencia 
aWf'ales (CSIC), IJosé Guliérre:-. Abascal, 2. 28006 f\'laurid. 
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Among the plant-feeding species sorne have a recognized economic impact as for
est pests or agricultural pollinators (GAULD el al., 1990). Taxonomic richness and bio
logical diversity of predators and parasitoids play an important role in maintaining the 
diversity of other organisms (DAY, 1991; LASALLE & GAULD, 1993) and their capacity for 
population regulation is recognized in biological control programs (KIDD & JERVIS, 
1997). They are regarded as good indicators of biodiversity due to the fact that they are 
particularly sensitive to environmental perturbations (LASALLE & GAULD, 1992; 1993). 

The Malaise trap (MALAISE, 1937; TOWNES, 1972) is the most common method used 
in Hymenoptera biodiversity studies at family level in both the tropics (NoYEs, 1989; 
TAN, 1990; NIEVES-ALDREY & FONTAL-CAZALLA, 1997) and temperate regions (MATHEWS & 
MATHEWS, 1970; TERESHKIN & SHLYAKI-ITYONOK, 1989; NIEVES- ALDREY & REy DEL CASTILLO, 
1991; FINNAMORE, 1994; SEGADE et al., 1997). As a standarized method, they have been 
used to monitor the effects of fire (LOCKWOOD et al., 1996) and silvicultural methods 
(LEWIS & WHITFIELD, 1999). Quantitative variability among traps location is useful in 
identifying activity patterns that can contribute to assessment of species conservation 
requirements (STEYSKAL, 1981; MUIRHEAD & THOMSON, 1991; PAPP, 1994; PAPP & JÓZAN, 
1995; SHLYAKHTENOK, 1995). 

The importance of the Hymenoptera in the diversity of the natural temperate 
forests, along with the significance of faunistic collections as a basic scientific re
source in biodiversity assessment (WIGGINS el al., 1991), emphasize the need for this 
group to be considered in the conservation of forests in the basque region. We pre
sent in this paper the data on families taxonomic composition, relative abundances 
and spatial and temporal activity distributions in a regenerating acidofilous beech
wood heterogenous system. 

MATERIAL S AND METHODS 

Studyarea 

The study was conducted in the forest reserve of Artikutza (Goizueta, Navarra) 
(43°09'28"-43°14'52" North and 01°45'35"-01°49'30" West) located in the Cántabro
Euskaldun phytogeografic sector of the Eurosiberian regio n (Fig. 1) and described as 
a "humid temperate area, always humid with seasonal termic regime and scarce 
frost" which is characterized by the predominance of nutrient poor, acidic soils with 
a humus moder of granitic origin, that tends to support a vegetation dominated by 
Quercus robur L. (Tamo Quercetum-robori) and Fagus sylvalica L. (Saxifrago hirsulae
Fagetum) (CATALÁN el al., 1989). Following extensive deforestation up to 1925, planta
tions were established comprising a variety of deciduous species (F. sylvatica L., 
Quercus spp., Castanea saliva Mill.) and conifers (Pinus sylvestris L., Larix x eurolepis 
A. Henry, Chamaecyparis lawsoniana ((A. Murray) Parl.) . The present-day landscape 
now supports a heterogenous mosaic of remanent forest, plantations and derived sec
ondary mixed forests. 

The sampling was conducted in 5 Ha located in the northwest of the reserve 
(30TWN972868 U.T.M.) at an altitude of 575-652 m and incIudes two adjacent suc
cessional series delimited by a stream: mixed forest and beechwood. The mixed for
est represents a secondary forest dominated by pine, oak and beech, and the beech
wood is partially restocked with young plantings and surrounded by conifer planta
tions. Other plant species are C. saliva MilI., Taxus baccata L., Salix atrocinerea Brot., 
Fraxinus excelsior L., Ilex aquifolium L., Crataegus monogyna Jacq., Corylus avellana 



-83-

L., BJttehnmn ,(Plconl (1..) Roth •• Duc.1'/Ulfpsio fluuosa (L) Trin .• VdcctniuIII m~,rtilluJ 
L . &pllQf'bjlJ am)'gJalmJes L. DtJplml! MUr«Htl L.. OXiJtis tJ«l~IIQ L. Pturdillnl 
tu¡l/illrl"m (L.) Kuhn •• Enco \1G&QtrS L or AspJtotkilu o/bus Millc::r (CATA.I..l.~ el aL. 1989). 

Scarce C'O\-'n;J;F of Ihe hnb.OO shl'ub layen b\'e ln .. ge understory arcas ~rW 
only by a liller layer of \'3"ablc d~pth deJX-ncling on Ihe slope. Uoder hlgh humidilv 
c:onditlOfU. lhe moss Ia)'~ i5 wrll devclopc.-d on soil, slumps and ,he north side of 
lJtt truno. Slte characu~ristks a$ pine advanct'd a,ge. c1curlnp and restockml5. are 
responsible in a greal e.'(lenl for lhe Impof'Ulnt arnollol of dcad wood. lhal accumu· 
lato partic:ulany in ,he ~llNm banb. 

• Artikutza 

Fil. I • ~phk:al SltWllion of ¡he r~ ~ of ¡\rtiku!.D (Navarn, Sp.in). 

Thmperolture and rainfaU data ~ al !.he mdcOmlogkal S1allon in lhe- \illage 
of Artikut:t.a durill8 thr: Rudy period (Aa. 2) ~hows an ubund3nt annual raiorall. I na 
mm and 2190 mm rcspectiYdy in each con..~li\'t" 'Urs. Februnry (372 mm) and 
No\oember (636 mm) are ,he wr:lesl months whJ~ June (29 mm) and Oclobrr (2J mm) 
and Murch (55 mm) are lhe dryest. Tempe .. uurcs are modc .. 'rate wilh a mínimum mean 
or 5 In February and a muimum of 20 "C in Jul}~ l1le sec:ond 5eaSQn or lhis sludy 
wa.s cooIer and WClter than the nn:1 pankuJarly in lhe surnmcr nnd l'Iutumn monlhs .. 

Tow/l;u (1972) modifled MaJai.!.e tmps supplkd bv Mams lIouse NeIS (United 
Kinsdom) "'ere uscd in dtis sludy. They are bidirc:ctionaJ (203 cm rronl Itt'i&h l. 112 
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cm back height, and 122 cm wide by 183 cm long) black with the roofwhite and fine 
mesh (0.3 mm). Trap collection jars were filled with 70% ethanol along with three 
drops of glycerine to soften specimens. 

oc 25 
---Temp. 

" 
I 

•.•••. Predp. 

" 

" " 
, , 

M J J A S O N D J F M A M J J A S O N D J F M A 
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Fig. 2 . Climatic diagram following monthly mean values of temperature and monthly total val· 
ues of rainfall from May (M) 1995 until April (A) 1997 in the torest reserve of Artikutza 
(Navarra, Spain). 

A total of six malaise traps were placed, three in each vegetation series (Tab. 1). 
Traps were settled along the direction of the slope, NE·SO in the mixed forest and 
NO-SE in the beechwood, but all have similar orientation of the colector pole (SO) 
and captures (N-S). First trap in each vegetation series was placed at 50 m from the 
access and followed in the direction of the slope by a second one and from this one a 
third one at about 100 m of distance in between traps. Traps were coded following the 
name series, the letter M for l1lÍxed forest and H for beechwood, and number of trap 
in the series resulting that M-1, M-2 and M-3 are those located in the mixed forest and 
H-1, H-2 and H-3 those located in the beechwood. 

Heterogenous tree coverage and differences in the slope in each of the series re
sulted in particular trap locations. In the mixed forest, the M-1 trap was located at the 
edge of a clearcut, the M-2 trap was in open forest and the M-3 trap was under a big 
beech in an area of major presence of pines. In the beechwood, the H-l trap was un
der a big beech in a steep slope which affected in a lesser extent to the H-2 trap, set
tled near a clearcut and surrounded by a shrub beech stratum, and the H-3 trap 
standed under the shade of a big beech on a landing. 
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Data collection 

Sampling was conducted continuou 1 [Tom Ma 1995 to ApdJ 1997, and pro
duced a total of 46 samples per trap in 733 da s. Sample w r cone ted al ~ urteen 
day intervals, with the exception of seven samples made al 28 day inl I 'al due Lo 
technical difficulties, with a total of 270 ample. M.esh godng b c w and damage 
to collection jars resulted in sample losse in lwo amples from M-3 (Erom 23-VJ -96 
up to 14-VII-96), one in M-J (T-97), on in H- I (10-96) and one in H-2 (XI-95). The 
original traps, excepl 1-3, that \Va replaced by a ne.v one, r p nded lO Lime pera
tively well. Hyl'l1e/wptem were idenUEied to [amil level using de cripLion and key 
(GOULET & HuseR, 1993) and Followed the das ification in HA ON & GAULD (1995). 

Tab. 1 - Trap location parameters in two successive vegetatíon series, rrllxed forest and beech
wood in the forest reserve of Artikutza (Navarra, Spain). 

Trap Orientation Orientatíon Orientation Altitude Slope Distance 
of hill colector poJe captures traps 

Mixed forest 
M-3 NE-SO N216E N-S 652 m 200 82 m 
M-2 NE-SO N210E N-S 631 m 150 121 m 
M-l NE-SO N230E N-S 611 m 120 206 m 
Beechwood 
H-3 NO-SE N242E N-S 620m 90 92m 
H-2 NO-SE N210E N-S 595 m 180 206 m 
H-1 NO-SE N235E N-S 576 m 190 75 m 
----- ------

Specimens were labelled and stored as vouchers in the collections of the Sociedad de 
Ciencias Aranzadi in San Sebastián (Guipúzcoa, Spain), the Cátedra de Entomología 
de la Facultad de Ciencias Biológicas de la Universidad Complutense de Madrid 
(Spain) and the Departmento de Biodiversidad del Museo Nacional de Ciencias 
Naturales (Madrid, Spain). 

Analyses 

Quanlilalive data recorded Erom Malaise trap refel to adult abundancc, mobil
ity 01' leve! o[ acLivil aIld speci.es seleclion b phototropic response oF species, ex 01' 

ca te (SOUTIlWOOD, 1978), Quanrilative compad 00 among trap m asur d difIeren es 
in che quotieIlt betwe n lhe numb r of individuals caught b day ampl el (Nmvl!S
ALD.REY & Ruy D l!L CASTIL LO, 199 t). SimiLarity among trap and vegetaLion críes in 
each 01' lhe Lhre main Hymenoptera groups ( ymphyfa, Aculetlla and Pamsilica) Vi re 
detem,ined u ' ing lhe Bra -Curtis (S,ingle link) lus t ring mClh el accorcling to -jmi
!arily cocfficients of relative abundallc for familie (LUDWIC & Rey OLD , 1988) and 
rcpresented graphically b dcndrogram using BiodiversityPro (LAMBSHEAD et al., 
1997). QuanLiLative differ n es b 1;\.vccn the various families and their variability 
among traps are represented and compared using bar graphs. The relationship of 
H)'l7Iel1oplera abundances with rainfall and temperature is described by the 
Spearman rank correlation (SOKAL & ROHLF, 1969). 



Tab. 2 - Hymenoptera family composition and abundance recorded by each of the six Malaise traps (M-1, M-2, M-3, H-1, H-2 and H-3) in each of the 
two cycles studied (1995-96 and 1996-97). 

1995-96 1996-97 Total Da tes 
Superfamily Family M-l M-2 M-3 H-1 H-2 H-3 M-l M-2 M-3 H-1 H-2 H-3 
Tenthredinoidea. Tenthredinidae 154 37 15 8 20 17 98 24 6 8 16 10 413 I1-X 
Xye/oidea Xyelidae O 1 1 O O O 2 8 12 O O 1 25 N -V 
Mega/odontoidea Pamphilidae O O O O O O 1 O O O O O 1 V 
Cephoidea Cephidae O O O O O O O O O O O 1 V 
Apoidea $phecidae 5 10 6 8 5 6 16 15 12 16 18 9 126 V-XI 

Apidae 14 12 5 10 8 7 10 2 3 8 6 6 91 ll-XI 
Vespoidea Vespidae 20 61 43 76 41 25 1 3 1 3 1 276 I1-XII 

Formicidae 13 28 20 15 7 8 4 43 72 10 6 4 230 I-XII 
Pompilidae 3 2 1 24 7 1 3 6 3 22 15 88 V-XI 

Chrysidoidea Dryinidae 4 63 30 26 42 38 13 37 16 41 54 67 431 III-X 
Bethylidae O 7 O 1 3 O 2 7 4 1 2 1 28 III-VilI 

Ceraphronoidea 285 694 533 99 377 175 728 970 1.011 142 258 123 5.395 I-XlI 
Cynipoidea 198 203 127 52 122 117 235 182 219 42 92 51 1.640 I-.XlI 
lchneumonoidea lchneumonidae 2.741 2.283 1.861 1.610 2.195 1.896 3.313 2.819 1.860 1.750 1.832 1.749 25.909 I-XII 

Braconidae 724 742 443 313 534 440 474 536 391 205 215 184 5.201 I-XII 
Proctotmpoidea Diapriidae 1.326 1.759 1.075 1.107 1.275 1.351 1.716 2.029 3.710 1.018 1.046 582 17.994 I-XlI 00 

O'-
P/atygastridae 425 260 138 162 425 470 672 275 280 197 323 356 3.983 I-XII 
Proctotrupidae 422 264 251 51 113 232 129 107 220 50 59 45 1.943 I-XII 
Scelionidae 34 41 34 38 12 21 208 224 223 92 262 115 1.304 I-XII 
He/oridae 6 21 4 8 6 8 O O O O O O 53 III-X 

Cha/cidoidea Mymaridae 239 248 141 173 360 208 592 395 456 276 402 386 3.876 I-XII 
Pteromalidae 114 360 249 288 421 183 164 427 294 268 344 192 3.304 I-XII 
Encyrtidae 192 41 7 313 132 419 500 260 222 248 71 193 179 3.146 I-XlI 
Eu/ophidae 158 209 158 77 294 155 172 246 202 249 236 152 2.308 I-XII 
Ti'ichogrammatidae 1 3 1 1 4 2 92 67 76 6 32 7 292 III-XlI 
Torymidae 2 22 10 3 2 5 9 6 14 2 11 10 96 III-XII 
Eurytomidae 1 O 2 O 5 2 7 1 1 6 2 28 N-X 
Eupelmidae 2 O 3 6 O 1 2 1 1 5 O 22 N -XI 
Aphelinidae 3 O 5 O 1 3 1 3 1 1 1 20 IV-XI 
Ormyridae 1 O O O O O O O O O O 2 X 
Perilampidae O O O 1 O O 1 O O O O O 2 IlI-N 
Signiphoridae O O O O O O 1 O O O O O 1 V 
TOTAL 7.084 7.753 5.461 4.291 6.704 5.868 8.927 8.654 9.338 4.480 5.435 4.234 78 .229 
EFFICIENCY 19,5 21,4 15,0 12,8 19,2 16,2 26,0 23,3 27,7 12,0 14,6 11,4 
WDAYS 362 362 362 335 349 362 343 371 336 371 371 371 
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RESULTS 

Taxonomic composition and relatíve abundances 

W· oUe tec! 78,229 spe im ns rcpresenUng 12 'lIpcr[-amili an,d r familie. 
(Tab. 2) of whicb lhe )'mph)lla. (Te/llhredinoidea, Xyeloidea, MegalodorrlOitlea and 
Cephoidea) accollnled for a 0.56% of tb l01al abundanc . Th r Illaining pecimen 
compli 'cd Apocrita w.ith 1.62% in Lh Aculeala (Apoidea, Vespoide{t and Chrysidoidea) 
a ocl 97.81 % in Lh Parasitica (CeraphI'017oidea, Cynipoidea, lclmeumonoitlea, 
ProClOln/poidea., Chalcidoidea). 

R laUve abundances among laxa indlcale dominance of Ichneumonoídea and 
Proclotr¿¡poidea followed b Chale ido idea , Ceraphronoídea and Cynípoidea. The 
lchnewnonoidetlincludes lwO abundant famili " Ichneumonidae and Braconídae with 
33% and 6% respectively. The prominence of Proctotrupoídea is due to the Díapriidae 
with 23% of total abundance and 71 % of taxa. Within the Parasitica 12 families belong 
to Chalcidoidea and, of these, four (Mymarídae, Pteromalidae, Encyrtidae and 
Eulophídae) account for 96% of the taxa and comprise 4-5% of total abundance. 

The aculeates inelude seven families with the Dryínidae being most abundant 
(34%) due to the abscllce o[ Vespidae in !.he second year (Tab. 2). Formicidae and 
Sphecídae are the nexl mo l abLlndant fam.ile in both years and account respectively 
for 18% and 10% f t tal a uleate abundanee. In symphytans, Tenthredínidae repre
sents 93.86% of the abundance followed by Xyelidae vvith 5.68%. 

In order lo interprel lhes r ult we e mpared lLr data wilh tudie in diffi renl 
European fo!' l (Fig. 3) involving Iwo differ nl methodologi s: rototropic emer
gence traps (T ) í n G l'man (HIl_PSRT 1989; ULRICII .1 998) and MaJaisc trap ' (TM) in 
lh Tbe'rian Penjn uJa (NrEVf!S-ALOR'EY & R EY DEL CASTJI.LO 199.1; SECADE el (11., 1997). 
Both meU10d sampled lhe fauna dos lo the ground, bul Lh were used t pr ide 
dmerent mea urements. Th emergence lrap were LI el lo mea ure den il and bi -
mass wlJi.le Malais traps mea 'ured activit f 'equenc '. 

Taxon mi comp Sil! n and r lalive abundance showed greatel' s imilarit with 
a mCJ otroric mi 'ed fores! (TE(M», parlicwal'ly in relation lO the importan of 
Ceraphronoidea and Diapliidae in bolh sLlIdies comparing each lo othe!' I L1lt ob
laÍned with its ' ame mClhodolog . In respe 1 lO Malaj l1'ap ' $ludi S eondLICled al 

eco ton es (TM (EC) arld T II'(EV», we FOLlJ1d in our fOJ'est a p 01' repr entan n of 
Braconidae (6% ver liS 14%) and a gr al l' prop l'rjon of Ceraphronoidea (6% versLI 
3%) aod Diapl'iida€ (23% v 1 '1.1 6%). R · ults obtalned in the m sotrofíe mixed forest 
C mpared lO lh on obtained in a eutrorie bee 'hwood (TE(H» with emergence 
trap sil w el sign.ificant di ffcrenees in r lalion l Lhe dominanc in lhe rorm r r 
Ceraphronoidea (19% versu 1 %) und Diapriidae ( 16% vel'SU_ 1%) ver P/{/(ygastridae 
and Chalcidaidea . 

In terms of trap efficieney, our results are poor with a maximum of 72 individu
als per day during the second half of July in Artikutza contrast with the mean of 351 
or a maximum oE 312 in August in N IEVES-ALDREY & R EY DEL CASTILLO (1991) and 
SEGADE et al. (1997) respectively. 

Camparison among vegetatían series a11d trap locatíon 

The mixed r r ' l , wilh s ixt pcrcent of total abundance, recorded an average of 
6,766 and 8,973 indivicluals per trap, and in contrast to only 5,621 and 4,716 in the 
beechwood in ea h year re 'p ctiv Jy. Trap efficiency in eaeh of the series and cyeles 
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(Tab. 2) showed differences between vegetation series for the whole period treated, 
with 21-22 individuals in the mixed forest traps per day, in contrast to 12-16 individ
uals counted in the beechwood traps. These differences are not consistent for both 

cm , traps M-J and M-3 were simi lar respectivel lO 1-;1 -2 and H-3 j'n lb Ci . t 'ear. 
Trap H-l h \Ved a poor effi i nc for both al with oru 12 individual per trap. 
MuJtivarial anal i aillong traps (fo'ig. 4) ho\V lhal igniJicant diffenmce ' al' b ing 
[ound betwcen trap M-I Clnel Lhe rest of lhe LTap FOI" ~Imph)'la and Aculeala., wilh a 
Lotal similari between cJu t r ' in lh FOI"D'l r of 38.77% anel 5 . 6% in the laLl I~ anel 
betwe n v getaLion serie trap in Para itica. Similar l' sul are blained in ead, of 
the cycles except for Parasitica that show this pattem only in the second one. 
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Pig. 3 - omparison oC laxa ¡'elalive abundanc s, in per ntag (%), obtaiJ1 el in diffcrcnl eu
ropean studies.\!atues in lIJe g¡;aphic correspond lO Diapriidae and Cera/lhronoidea. TM = 
Malaise trap; TE =: Emcrgence Irap; (E ) = ECOlone anta Colom .. (Andorra) ( I'.C¡\OIl el al. , 
1997); (EV) =: Ecoloue El Vcnton-illo (Madrid, Spain) (¡ IE:VH.s-ALORl(Y & R¡;;y D IlI. AS1'ILlO. 1991); 
(M) = Mixed mcsotrophic rOreS! in Upp'cr Rhine-Valle_ in Germany (Fhl.vmtT, 1989); (H) :
Dccchwood neal' G~ltillgcn in German (ULltlCII , 1987). 

Raw abundance patterns of the most important families in each of the traps 
over the two years sho\V different distributions (Fig. 5). Diffcrences among vegeta
tion series or significant greater abundances in all traps of lhe mixed forcst (M-1, 
M-2 and M-3) are noted only for taxa Cynipoidell, Ceraphrol1oidea, 
1l-ichogrammaLidae. Proctolrupídae and Xyelidae . Most abundant families, anel par
ticll J ~trl fchneumonidae, Braconidae, Diapriidae, Apidae or Tenthredinidae, are rep
re 'elüed in bigger number by traps M-l and M-2 but not by trap M-3 in the mixed 
forest. 

Location oE trap M-1, at the edge of a clearcut. sho\Vs at the same time the poor
est efficiency in respect to Pteromalidae, Dryinidae, Formicidae, Vespidae or Xyelidae 
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and lrap M-3, in ¡de rhe for t, the aggregaLi.on of indjvidual in Diapriidae, 
Formioidae and Xyelidae. The lowest abundanc fo!" most f-am iJi al" l"ecorcl d in a 
steep slope al trap H-l jn lhe beechw el except for PlerQmalidlle, phecida ¡ 

Dryini.dae and Apidae. Particularly ,in Lh case of POI'npilidae and Vespidae, rhis Joca
ti. n r pres n a it f indi ¡dual · aggregation. OLh r families as Plae 'gastridae, 
ce/ionidae, ¡\llymarídae, Eulophidae, El'lcy/'tidae 01" SpheoidCle how ¡mUar abun

e1~nce. in aH trap ' ilTespective to trap locali n. 
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o. 
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o. 
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o. 
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'-------- M-1 
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100 

Fig. 4 - Dcndrograms rolJowing Bray· urtis similariL analysis foriyml'}¡y lll , !tctJ{eata and 
Pal'asilica fOI" Lola ! dala. 
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Variation between annual cycles 

The second year recorded fifty two percent ofthe total specimens being 20 (69%) 
the number of taxa that showed greater frequencies in that periodo The annual quan-
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Fig. 5 - Number of individuals per trap of the different families in each of the two cycles stud
ied (May 1995-April 1996 and May 1996-April1997). 
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titative variation in different families among traps (Fig. 5) shows a major increase in 
the second year for Trichogmmmatidae, Scelionidae, Diapriidae and Formicidae (in M-
3) and a moderate increase in Mymaridae and Sphecidae for all traps. Among the fam
ilies that show a slight decrease of abundance in the second year are Braconidae, 
Proctotrupidae, Encyrtidae (except in M-l) and Apidae. Families Heloridae and 
Vespidae indicate a significant reduction over tbis same periodo 

Monthly activity rhythms and seasonal variation 

Total abundances indicate greater adult activity from spring to autumn and a 
lesser peak of activity during the winter months in the Formicidae, Vespidae and 
Parasitica with the exception of Ewytomidae, Eupelmidae, Aphelinidae, Ormyridae, 
Perilampidae and Signiphoridae (Tab. 2) . 

The annual activity of sorne impor tant families represent the patterns found 
(Fig. 6) . Seven families show an unique annual maximum abundance withXyelidae 
in April, Encyrtidae, Vespidae and Pompilidae in July, Proctotrupidae and Scelionidae 
in August, and Heloridae in August/September. Other families show two maximum 
peaks along the year, in spring and in the summer. Among these, Apidae and 
Tenthredinidae do it early in AprillMay and July; Ichneumonidae, Braconidae, 
Diapriidae, Eulophidae and Pteromalidae in May/June and July/August; Sphecidae in 
June and July/August; Dryinidae and Formicidae in June/July and 
August/September. A third peak can be observed in sorne families in the early spring 
or in autumn, is the case of Platygastridae and Mymaridae in April and 
Ceraphronoidea and Mymaridae in October. There are four family maximum abun
dances in April, one in May, seven in June with all except one (Diapriidae) in the 
first half, 14 in July with five in the first half and nine in the second half, four in 
August and four in September and October. 

Spearman's correlation coefficients for the number of individuals in each year 
with respect to temperature and rainfall show a significant association with temper
ature in both cyeles (0.965''''' and 0.748*'" respectively; "*P 0.01) and with rainfall on
ly in the first year (0.755*") where maximum rainfall in September and February oc
curs at the same time that there is a temperature decrease (Fig. 2). The influence of 
rainfall in recording of activity is slight according to the curves in June of the first cy
ele in which elash a perlod of less rainfall (Fig. 2) with a generalized decrease of abun
dances for all families in the first half, excepting Dlyinidae (Fig. 6). 

DISCUSSION 

Results of comparison of family composition and structure of Hymenoptera 
among different studies suggest that the cenosis in our habitat show important char
acteristics of the beechwoods arthropod fauna in moder soils; predominance of fun
givorous groups, not too many species and a few extremely abundant (SCI-IAEFER & 
SCHAUERMANN, 1990). The number of families recorded was poor in respect to other in
ventories analyzed but its relative abundances showed great similarity with the ones 
obtained in a mesotrophic mixed forest in Germany (HILPERT, 1989). Significance of 
Diapriidae in our data indicates suitable damp habitat conditions known for this taxa 
and abundance of its hosts, fungivorous diptera in Mycetophilidae and Sciaridae, 
which are known to be specially abundant in soi) acid conditions (SCHAEFER & 
SCHAUERMANN, 1990). For families analyzed to species, the abundan ce pattern was due 
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la one o ,' t\Vo dominant specics (M ARTINIOZ OH M URGulA, 200 1). Samplc proccssing ob
SClvations SUPPOl't that olhe!" famil ics show as \\Icll lhe abundance patlcrn of few 
spccics. 

Rninf::dl d id no! secm to be innucncing indivicltml activity rccorcl ing. Fam ilies an
nual abundance variability cauld be cxplaincd in lhe case of Vespitlae ami Xyelidac 
thal sho\\l the beh~lVior of lhe popu lation dynamics of known spccies with ycars of ex
ceptional abundance and mri ty (ARCIII!.R, 1985; C AUI.O & BOI.TON, 1988). On the other 
side, lhe decrcasc in procrolrupidllc could be rc.latcd 10 lhe simultancous capture of 
lis prey (Caraboidea and SrQIJ¡'ylilloidea) done in a parallel s lUdy du ring Ihe sarnc pe
riods on Ihe sail. A high dcgrce of va l"iation in lhe spccies dominance among years is 
knQwn for Ihis cenosis (UI.RICI I. 1999b). 

/1 
V 

... < , 

Terllndndae 

.. .... i .. 

1\ r· 
t, ... , ......... 

Plg. 6· Scasonal nbundancc cyoJulion of lhe dirrcrcnt familics al J 4 day inlclVals. from lhe fil'Sl 
of Mny of 1995 unlillhc 14'" uf July of 1996. 
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Changes of behavior of predators and parasitoids indicate spatial activity patch
es that identify different resource searching strategies (BELL, 1990). In our case, the 
heterogenous abundance distributions of families among traps seem to be related 
with the spatial availability of resources. A greater collecting efficiency at open sites 
(traps M-1 and M-2) and particular variations at the edge of a clearcut in the mixed 
forest (trap M-1) might be reflecting the influence of the glade in hymenopteran 
abundances at those sites. Edge effect or greater insect abundances and richness at 
the forest edges is known to be due to an increase of species in flux from nearby mod
ified habitats (DENNIS, 1997). The poor efficiency of trap settled at a steep situation 
(H-1) might be related with the unstability of the litter layel~ that keeped accumulat
ing at the base ot the trap. Changes in the litter layer have shown to affect hy
menopteran species diversity (ULRICH, 1998). 

Other family abundance patterns are in concordance with pine distribution 
(traps M-1, M-2 and M-3) to which species of Xyelidae and Trichogrammatidae are as
sociated and species of Ceraphronoidea and Cynipoidea still remain to be analyzed. On 
the other hand, aggregations at one particular trap showed, when analyzed to species 
level (MARTíNEZ DE MURGUÍA, 2001), the occurrence of an ants' (Formicídae) nest and 
its nuptial flight (trap M-3) or sex concentration in the river bank (trap H-l) of a 
species in Pompilidae. Presence of an aggregation of Vespidae at this last same loca
tion can be due to an inusual concentration of caterpillars observed at the foot of the 
tree where these predators congregate (RrCHTER, 2000). In relation to Sphecidae, the 
homogenous abundance distribution could be reflecting the wide distribution of dead 
wood, in which these species nidify. These findings support the general statement that 
distribution of hymenopterous species and abundan ces in forests is related to avail
ability o food, nidification or hibernation resources and is dependant of forest spatial 
structure (SKIBIÑSKA, 1989; BANASZAK & CIERZNIAK, 1994; PAPP, 1994; PAPP & JÓZAN, 1995; 
SHLYAKHTENOK, 1995; ULRICH, 1998). 

Seasonal quantitative progression of the different families is highly correlated with 
temperature. Climate bondage favours long cycles extending the period of greater activ
ity for seven months, from ApriJ to October, and in a lesser extent al] along the year with 
presence of individuals that hibernate as adults corresponding to species mainly with id
iobiont strategy that find their host in the soil (ULRICH, 1999c). Among the families with 
maximum abundance early in the season are those that include species phytophagues, 
Xyelidae and Apidae in April and Tenthredinidae in May, which flight periods are related 
with Eood availability (GAULD & BOLTON, 1988), and also hibernating Mymaridae and 
Platygastridae egg parasitoids females (ULRICH, 1999c). The two main emergence periods 
observed in Parasítica by this last author, May/June and August are observed for most of 
the famílies although in our site July, particularly the second half, is the summer period 
of greater activity. Aditional autumn peaks of activity are related, following this last au
thor, with a new generation 01' with females looking for hibernating sites . 

In respect the aculeates, as in Apidae, the two maximum activity periods agree 
with the ones obtained by ARCHER (1988) for solitary bees in May, that here is in April, 
and for social bees in JuJy. The different flight periods of solitary and social wasps, in
dicated by this author in June and July respectiveJy, are represented in these same pe
riods in our data for Sphecidae and Vespidae. 

Implications {or conservation 

Taxonomic richness and reJative importance of different family abundances, ac
cording to spatial and temporal distributions, indicate that the Hymenoptera should 
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be taken into account in Artikutza and the adyacent natural park management prac
tices to ensure their health and pro mote diversity conservation. For instance, among 
the major forest insect pests in Europe eighteen species belong to the Hymenoptera, 
mainly in the symphytans (DAY & LEATHER, 1997). Classical biological introductions of 
natural enemies that have resulted in successful control of woodland o plantations 
pests include species of Formicidae, Braconidae, Encyrtidae, Aphelinidae, Eulophidae, 
Scelionidae, Mymaridae, Pteromalidae, Ichneumonidae and Ibaliidae (LASALLE & GAULD, 
1993; KIDD & JERVlS, 1997). On the other hand many species are threatened by loss of 
habitat or intensification of agriculture among which the aculeate are of particular 
significance (GAULD et al., 1990; DAY, 1991; LASALLE & GAULD, 1993). 

The main factors that affect conservation of Hymenoptera in managed environ
ments are those that are related to practices over the vegetation, and particularly over 
its flowering where the adults feed, and to loss of suitable nesting sites, as sunny 
sandy spots, river banks, trails and dead wood, or oviposition, pupation and hiber
nating sites as the soil and litter layer (GAULD el al., 1990). The steep slopes in our for
est, altogether with a shallow soil covered by a thick litter layer, are specialIy sensitive 
to soil erosion, that should be minimized in management programs. 

Our results indica te that open spaces in the forest encourage the presence of a 
herbaceous stratum and shrubby edge, to which many hymenopterans are associat
ed and, in this sense, support the common management practice of favouring open 
spaces to promote insect diversity (DENNIS, 1997). The absence of sandy soils and the 
scarce distribution of vegetation in the understore highlights the importance of dead 
wood as nidifying resource for solitary wasps that prey in the canopy on conifer po
tential pest species (MARTíNEZ DE MURGufA, 2001). In that sense, periodical herb cut
tings and the use of machines to break down trunks and branches in Pinus radiata 
plantations is an example of management practices that does affect negatively the hy
menopteran diversity and should be as well minimized. Monitoring family structure 
for comparison among habitats o silvicultural stands or methods can be achieved 
with a single Malaise trap settled at open forest the second half of luly. 

Restoration of natural deciduous forests combining with sustainable conifer 
plantations are the main objectives of the forest management program in the reserve 
of Artikutza and the adyacent natural park of Peñas de Aia. Hymenopterans taxo
nomic and ecological diversity should be taken into account for evaluating the con
servation of biodiversity in managed forests. Spatial and temporal heterogenicity pro
vided by clearings, bank rivers, trails and dead wood favours the availability of dif
ferent resources that meet the species ecological requirements. Our data represent a 
lo tal reference for potential studies on influence of management practices in family 
structure or in species of particular interest. Encouragement of a management strat
egy that favours the diversity of Hymenoplera will be contributing in a sound way to 
promote invertebrate biodiversity in these forests, one of the principIes of sustainable 
management. 
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RIASSUNTO 

Gli HymrmopterQ vengono uSH ti come un gruppo inclic3 torc pet' valutani! la biodiversitil 
di una foresta acicla semi-n 2l lu ra le in Artikutza (Navan:a, Spain). [n que ' lO articolo si pre
sentano i dati I'elal ivi. a lla c mposi~i()ne tassonomica, abbol1dan7.3 relativa e atlivitil spazia, 
le e Lcmpol'a le delle ramigli d'l Hymenoprero racco)ti.in el trappole "MaJa ise" in dlle serie 
adiacelil.li di succcs ' jone veg taziolla le (rággela • rores!a mi la) pe!" un periodo dj c1ue unnj. 

no stali raccolti un tOlaJe d i 78,229 emplari appart nel, ti '(1 12 lIperfa migli e 3S fami
gJ ie, l dmewl1ol7 idae e Dillpriidae sano Lali ¡laxa piu abbo,ndanli eguiti da Braconidae e 
Pla1yga IridlU~ , Myma,ridae e Plerof//a/iclae. Oifferenzc tra le serie vegeta:tionali i 'Ono .. iscon
trate soltanto nel secondo anno, IJcl grllppo dei Pamsilica con una r.naggiore abbondanza di 
Ceraphronoidea, CVnillo.üiea e Trlchogramn¡atidc!e nella foresta mista. Simili diffc renze in 
Xyelidae sono altdhuibili a lla prcsenza delle s pecie ospili. La localizzazione delle tl"uppole a l 
limite 'di lIna radura J1eUa foresta mista ~ Favorevole ai Tel'llhredinidae e sfavorevoJe a 
Dryinidae e Vespidae, Altre aggregazioni si hanno, a seconda della particolare localizzazione 
deJle lJ'3ppole, con una maggiore allivítl\ del Vespidae dovula alla concentraz ione di prede o 
a lla ¡JI'c ' onza di Un volo nuzinle di FO/'l1Iicidae. Le variaz ion¡ stagionali el le famiglic sono in 
accordo con quanlo L!'ovalo in alLrl studi eump c'!. Gli Hyl1lfJlloplem acJuJli 50no stali presen
li per lutto l'aJlno e son o 'latí p'iü abbondaJlli da Apr ile a Oltobre, e n il piil grande numero 
di laxa nell n seconda m La di Luglio. 

SUMMARY 

Hymenoptera were used as an indicator group to assess the diversity of the semi-natural 
acid forests in Artikutza (Navarra, Spain) contributing in that way to the conservation of the 
natural forests in thc region. In th is papel" we descl'ibe the data re la live ro laxonorn i compo
sition, relative abundance and paLía! anel temporal activity for flyme/'loplera familie ' record
ed from six Malaise lrap in t1 () adjaccl1t vegetalion succesional series (l:iecchwood and mixecl 
forest) over a two yea!' \leriOcL We Collcclcd a Lotal of 78,229 spccimens represenling 12 su
pelfamilies aJld 35 fam i ies. Tchl1ewllo/1 idae ¡Ind Diapriidae were the 1110SL abunclant I.a.-X!l ro l
lowed by BrncOl'J.idae and P!alygasl¡-idll/!, M)lmaridae ane! lJi rO n/alid/le. DiFf rences beLween 
vcgetation eJies were obta ined in ¡he Parasit ica only In lhe econd year \V ith grealer abu n
dance or Ceraphronoidea, Cynipoidea tlnd Trichogrammalit/ae in Lhe mixed rore t. imitar di f
(erences in Xyelidae were e¡pla ined b Lhe presence of hos. species, Trap l.ocation at the dge 
of a c1earclIl 1n rhe mixed rores! favouJ:ed 1imlhredinidae fmd lInderestimaled D'y,:nidae ane! 
Ve.spidac. Olhcl' aggregalions showed, in different 10caLi.Olls, highel' activil due [o cOllcenlra
ljOD oC pl"e ' in Vespidae Ol' to lhe OClu'rence o f a nuptiallligbl in Formicida.e. FamiJies scason
al \¡aL"iatiol1s co nfol"l11ed to paLtel'l1 fo uncl in o lher Europeal1 st udie . Adull HY/lll!/1optera \Verc 
present lh roughoUL Lhe year a nd mo ' l abundanl el'om April untiJ October wl th lhe g realesl 
l1u mber or laxa in lhe second haH of July, 
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