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Abstract: The mainfenance of grassiands as distinct habitats depends on vegular nandgement, usually
throngh grazing or mowing, but their species diversity is known to decline with increasing managenent in-
tensity. The reduction of managenient intensity can be a useful tool for the long-term conservation of the bio-
logical diversity of grasslands. We analyzed floral and faunal diversity on intensively and extensively (unin-
tensivel)) grazed pasitires and on 5- to 10-year-old ungrazed grasslands in northern Germany, Each of the
three grasstand babilats differing in grazing intensity was replicated six times. We related diverse laxa stich
as grasshoppers, butterfly aduits and lepidopteran larvae, and trap-nesting solitary bees and wasps to vegeta-
tion structiere. There was an increase of species vichness and abundance from pastures to ungrazed press-
lands, The percentage of parasitism of the most abundant irap-nesting species, the digger-wasp (T'rypoxylon
figulus), was also bigher on ungrazed grassiands. Decreased pgrazing on pastures enbanced species richness ' :
Jfor adult putterflies only, whereas the abundance of adult butterflies, solitary bees and wasps, and their nal- :
wral enemies increased. Althouph the differences in insect diversity betiwween pastires and ungrazed grassianed
coudd be attribitted to a greater vegetation beight and beterogeneity (bottom-up effects) on ungrazed areds,
the differences between intensively and extensively grazed pastures conld not be explained by changes in veg-
etation characteristics. Hence, intensive grazing appeared to affect the insect connmunitics through the dis-
ruption of plant-insect interactions. A mosaic of extensively grazed grassland and grassiand left ungrazed for
a few years may be a good means by wiich to maintain biodiversity aned the strength of trophic interaciions,

Intensidad de Pastoreo y la Diversidad de Chapulines, Mariposas y Abejas y Avispas

Resumen: [ manfenimiento de pastizales conto bebitats distintos depende del manejo regular, generalmente,
Dpor medio de pastoreo o segado, pero se sabe que la diversidad de especies declina con el incremento de hnten-
sidad de manejo, La reducciGn de la fntensidad de manejo puede ser una berramienta (it parva la conservacion
at letrgo plazo de la Dodiversidad de pastizales. Analizamos la diversidad floristica ) faunistica en pastizales pos-
toreados intensiva y extensivanente (no intensivos) ) en pastizales de 5 a 10 aiios o pastoreddos en el norie de
Alemania, Cada uno de los tres hidbitals de pastizal diferentes en el grado de pastoreo fue replicado seis veces.
Relacionamnos diversos faxostes como chapulines, mariposas adultas, larvas de lepidipteras y abejas v avispas
solftarias con la eshructura de ln vegelacién, Hubo wn incremento en la rigueza y abundaicia de especies de
pastizales pastoreados a no pastoreados. Bl porcentaje de parasitisimo de la especie de avispa inds abundaite
(Trypoxylon figulius) también fie wnayor en pastizales no pastoreados. La reduccion del pastoreo incrementd la
riqueza de especies de mariposas adullas solamente, mentras que incrementd la abundancia de mariposas
aduldtas, abejos y avispas solitarias 1 sus enenigos naturales. Aungue las diferencias en la diversidad de insectos
entre pastizales pastoreados y 1o pastorveados pudiera atribudrse a la mayor altisra de la vegetacion y a la beter
ogeneidad (efecios abajo-arviba) en dreas no pastoreadas, las diferencias entre pastizales pastoreados infensiva
¥ extensivcnitente 1o podria explicarse por cambios en las caracteristicas de la vegetacion. Por consiguiente, el
pastoreo infensivo aparentemente afectd a las comunidades de insectos por la disrupcion de las interacciones
Dlanta-animal, Un inosaico de pastizales pastoreados extensivamnente y pastizales sin pastoreo por varfos aiios
puede ser wna buena estrategia pere mantener In biodiversidad y la vigencia de las interacciones trdficas.
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Iniroduction

Livestock grazing on rangelands and pastures greatly
contributes to changes in vegetation and the associated
insect community through alteration of plant growth,
plant architecture, and vegetition diversity (e.g., Strong
et al. 1984; Huntly 1991). According to Noss (1994),
“many conservationists claim that livestock has done
more damage on native biodiversity of western North
America than ali the chainsaws and bulldozers com-
bined.” Intensive Brazing can dramatically simplify vege-
tation diversity by reducing plant species richness, plant
vegeration architecture, and standing crop. Because
plant diversity is considered a major determinant of di-
versity at a higher trophic level (Hutchinson 1959; Root
1973; Hunter 8 Price 1992), the diversity of phytopha-
gous insects and their natural enemies is likely to decline
with simplification of vegetation (Morris 1967; Lawton
& Schréder 1977; Gibson et al. 1992; Rushton & Eyre
1992; McFerran et al. 1994; Tscharntke & Greiler 19953).

Both short- and long-term effects of grazing on inverte-
brate diversity can be distinguished. Short-term effects
are linked to (1) the simplification of plant architecture
(e.g., the destruction of feeding niches) (Andrzejewsla
1965; Morris 1967, 1981; Hutchinson & King 1980; Pur-
vis & Curry 1981) and to (2) the grazed plants’ regrowth
so that young and nutrient-rich plant tissue becomes
available (Moore 8 Clements 1984). Long-term effects
include shifts in the composition of plant communities
and thus in vegetation structure (Day & Detling 1990;
Huntly 1991),

Reduction of grazing pressure increases the species
richness and abundance of phytophagous insects and their
parasitoids (Andrzejewska & Gyllenberg 1980; Marris
1981; Watts et al, 1982; Morris & Plant 1983). Therefore,
traditional types of management such as low-intensity
Erazing or mowing once Per annum are often associated
with high biological diversity in grassland habitats (Tscharn-
the & Greiler 1995: Wettstein & Schmid 1999; Di Giulio et
al. 2001; Swengel & Swengel 2001). Thus, in aiming to
preserve biodiversity on grasslands, nature conservation
agencies have created various progratuos to maintain spe-
ciesrich pastures with reduced grazing intensity.

We sought to examine the effects of reduced grazing
intensity on plant and insect diversity and their interac-
tions in grassland habitats. We used three different types
of grassland, representing a gradient of Brazing intensity:
intensively grazed pastures, extensively grazed pastures,
tnd ungrazed grassiands.

In our quantitative and experimental approach we
15ed insect taxons differing in ecological characteristics,
s advocated by Wettstein and Schrmid (1999), to test for
nore general and applicable patterns of diversity within
hese three types of grassland. We studied three taxo-
lomic groups of insects: (1) grasshoppers (Saltatoria),
2} butterflies and moths (Lepidoptera), and (3) solitary
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bees and wasps and their natural enemies (Hymenoptera).
Grasshoppers are leaf chewers throughout their life cy-
cles, whereas Lepidoptera are Ieaf chewers as larvae but
depend on flowers as resources as adults. Bee and wasp
adults also use flowers for food (nectar and polien),
whereas the solitary wasps (Eumenidae, Pompilidae,
Sphecidae) depend on spiders and insects for their ento-
mophagous offspring. We combined field samples and sur-
veys of grasshoppers, butterflies, and lepidopteran lar-
vae with a field experiment in which we used
standardized trap nests for bees and wasps (Gathmann
et al. 1994; T'scharntke et al. 1998).

We tested two hypotheses about the effects of re-
duced grazing intensity on insect species diversity. The
diversity of insects is enhanced by (1) increased diver-
sity (species richiness and heterogeneiry) and height (re-
lated to biomass) in vegetation (Strong et al, 1984; Sie-
mann 1998) and (2) reduced disturbance and similar
vegetation structure, resulting in a reduced disruption of
tropltic interactions and less separation of consumers
from their resource (Tscharntle 1997).

Methods

Study Area

The field sites were located in Schleswig-Holstein, northern
Germany, in a heterogencous landscape dominated by
grasslands and forests. We studied three types of grass-
land habitat: intensively grazed Ppastures, extensively grazed
pastures, and ungrazed grassland (ungrazed for 5-10
years). Each of the three habitat types was replicated six
times, resulting in 18 study sites,

The management of the cxtensively grazed pastures
was financially supported by the Schieswig-Holstein De-
partment of Nature Conservation as part of an exrensifi-
cation program for pastures (a program to reduce graz-
ing intensity with the aim to increase biodiversity),
Thus, grazing intensity was limited to 1.5 cattle/ha and
grazing was permitted only between 1 May and 15 No-
vember on extensively grazed pastures. The intensively
grazed pastures were grazed between 1 April and 30 Qc-
tober. Consequently, grazing intensity differed signifi-
cantly, between 5.5 + 1.4 cattle/ha on intensively
grazed pastures and 1.4 + 0.1 caitle/ha on extensively
grazed pastures Flw=81p= 0.02, n = 12), Thus,
the three habitat types represented a gradient from in-
tensively grazed to ungrazed grasslands,

To standardize the site conditions, we selected sites to
be similar in (1) former management, (2} area, and (3)
localization within the investigation area. We selected
sites with similar previous management because there is
a long tradition of cattle gtazing on the grassland areas in
the “Bilshek-Niederung." The selected pastures had con-
tinuity in management intensity for at least 4 years, Be-
cause of turnover of leaseholders, it was not possible to
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determine the precise period without grazing for the un-
grazed grasslands, but we selected only sites that were
known to be ungrazed for at least 5 years. To avoid bias
caused by local effects, we selected only those pastures
included in the extensification program that were adja-
cent to intensively grazed pastures or long-term un-
grazed grasslands. Thus, the final design consisted of six
randomized blocks, each comprising one site of each of
the three habitat types. The mean ares of the sites did
not differ significantly between the habitat types (inten-
sive, 2.9 * 0.4 ha; extensive, 3.6 = 1.1 ha; ungrazed,
1.6 £ 0.4 ha; F, |5 = 2.46, p = 0.120, n = 18).

Characterization of the Vegetation

From May to August 1996, we recorded the species
compaosition of vascular plant species on all sites on a
monthly visit of 30 minutes per site, and also added the
data from the measures described below. In addition, for
ench site we made a map of the vegetation mosaic by re-
cording the distribution and abundance of all vegetation
patches, distinguishable by cbvious differences in the
dominance of a particular plant species (e.g., grass
patches with Holcus lanatus, patches dominated by Tri-
Jfolium repens, thistle patches) or in species composi-
tion. For each vegetation patch with a total area of more
than 50 m*, we recorded plant species composition,
menn vegetation height (estimated vegetation height
containing 75% of the aboveground vegetation), percent
cover of each plant species, and total vegetation cover
within an area of 25 m? at the end of May. The estimates
of vegetation height and total vegetation cover were re-
peated in June and July. Vegetation heterogeneity per
site was defined as the number of different types of veg-
etation patches on each site.

Insect Records and Samples

Species richness of Saltatoria was recorded during 30-
minute transect walks conducted once a fortnight be-
tween the end of May and the end of September on each
of the 18 sites. Species abundance was not recorded.
Species were identified by (1) the sound of their stridula-
tions, based on reference “calls” from a tape (Bellmann
1985a) and (2) sweep-netting and visual examination
identification of sampied individuals (Bellmann 19854).
Biological data on species biology were provided by Det
zel (1998).

We used two methods to study the species richness
and abundance of Lepidoptera. Adult butterflies and bur-
net moths were sampled during five transect walks
{monthly from May to September 1996) through each of
the 18 sites. Along the transects, all individuals were re-
corded inside a transect width of 5 m during a 45-minute
walk of the transect, provided weather conditions allowed
butterfly monitoring (Pollard & Yates 1993). Because of
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changes in weather conditions during transect walks on
three sites, we conducted additional transect walks in
the following week. Thus, the species richness and
abundance of butterflies and burnets were adjusted to
the number of transect walks (ranging from five to six).
To evalate the reproduction success of Lepidoptera,
we counted and collected all lepidopteran larvae five
times (monthly from May to September) along a
transect. Each survey lasted 45 minutes in the pastures
and 60 minutes in the ungrazed grasslands to compen-
sate for detection of larvae being much more difficult as
a result of the higher and more dense vegetation. For
each species, we counted the number of occupied sites
(number of sites where a species was observed) within
each of the three habitat types. The identification of
adule butterflies and burnets was based on the work of
Higgins and Riley (1971) and Weidemann (1995). No-
menclature followed that of Ebert (1991, 1994, 1997).

We used trap nests to analyze the species richness and
abundance of solitary bees and wasps and their parmsitoids.
Four trap nests were set in the center of each site. Each
trap nest consisted of 150-180 internodes 15-20 cm long
made of common reed (Phragniites australis) bundled
into a plastic tube 13 ¢m in diameter (Gathmann et al.
1994; Tscharntke ct al. 1998). Trap nests were set from
the beginning of May to end of September. The trap
nests on one of the six extensively grazed pastures were
vandalized in August. Collected nests were stored at 5° C
until further investigation was conducted. The inter-
nodes were dissected in the laboratory, Adults of bees,
wasps, and parasitoids were reared from larvae and pu-
pae in glass tubes sealed with cotton wool. Emerging
adults were counted and identified. Brood cells with no
cmergence were dissected for a final identification. We
used the identification keys provided by Gathmann and
Tscharntke (1999).

Data Analysis

Insect and vegetation data for each of the 18 sites were
pooled for further analyses. The data consisted of six
replicates per habitat type for all but the trap-nest data
on the extensively grazed pastures with five replicates.
Grasshopper data included the overall sum of species by
site recorded during the season. For butterflies and lepi-
dopterdn larvae, we analyzed the mean number of spe-
cies or individuals per transect walk because thé num-
ber of observations differed by site. The data set on hees
and wasps consisted of the total number of species and
individuals reared from four trap nests per site. Data sets
were lognormal-transformed before analysis if they did
not fit 1 normal distribution (Sokal & Rohif 1995). We used
one-way analyses of variance to test for the effects of
grazing intensity (intensively grazed, extensively grazed,
ungrazed) on vegetation and insect diversity, Tukey’s hon-
est significant difference test (HSD) was used for post hoc
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comparisons. We performed stepwise multiple-regression
analyses to identify the most important habitat and vege-
tation variables influencing insect diversity in the studied
sites. Values given in the text and the griphs are arithmetic
means; error values or bars represent 1 SE of the mean.

Results

Vegeiation

The data presented are estimates from May to July
within cach site. Mean number of vascular plant species
per 25 m? did not differ significantly among the three
habitat types, with 11.7 + 3.3 species on intensively
grazed pastures, 13 * 1.8 species on extensively grazed
pastures, and 12.8 & 0.6 species on ungrazed grasslands
(Fyy5 = 0.11, p = 0.89, 7 = 18). Vegetation heterogene-
ity was 4.8 * 0.6 patches on intensively grazed pastures,
5.0 * 0.7 patches on extensively grazed pastures, and
6.7 = 0.8 patches on ungrazed grasslancl'(Fz‘ 5 = 1.92;
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£ =018, n = 18). We found a significant increase in
mean vegetation height from pastures to ungrazed grass-
lands. Vegetation height was 20.0 + 2.8 cm on inten-
sively grazed und 32.0 + 1.6 cm on extensively grazed
pastures but was significantly higher (60.0 + 4.8 cm) on
ungrazed grasslands U545 = 26.6, p < 0,01, 7 = 18).
Other vegetation characteristics, such as percent cover
of the vegetation (F, ;5 = 1.19, p = 0.33, n = 18) and
the herb/grass ratio (Fy15=076,p =048, n = 18),
showed no significant differences among the three graz-
ing treatments,

Insect Species Richness and Abundance

SALTATORIA

Fifteen Saltatoria species were recorded across all 18
sites. Hight of these species, Conocepbalus dorsalis
Thunberg, Tettigonia cantans (Fuessly), Stethoplryma
Grossum (L.), Tetrix subnlata (L), T, undulata (Sow-
erhy), C]JOI‘ﬂJi"]_J_[)HS albomarginatus (De Geer), Ch. dor-
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050X, F, ;6 = 1257, t°= 044, p = 0.003, n = 18) and (d) mvmber of Caelifera species (Y = 0.10 + 054X, F, s = 4.7,
2

¥ =023, p = 0.046,n = 18),
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satus (Zewterstedt), and Ch. montanus (Charpentier) are
characteristic of mesophilic grassland (Detzel 1998). To-
tal species richness of Saltatoria increased from inten-
sively grazed pastures (2.7 * 0.67) to extensively grazed
pastures (6.0 = 1.2) and ungrazed grasslands (6.3 =
1.4), but these differences were statistically only margin-
ally significant (F, 5 = 3.23, p = 0.07, n = 18). How-
ever, the species richness of the habitat specialists, the
-mesophilic grassland species, was significantly higher
(Fy 5 = 4.4, p = 0.03, 7 =18) on extensively grazed
pastures (4.0 = 0.7) and ungrazed grasslands (3.5 = 0.9)
than on intensively grazed pastures (1.7 £ 0.2). The spe-
cies richness of Ensifera species was significantly higher
on ungrazed grasslands than on intensively grazed pas-
tures, and the species richness on extensively grazed
pastures was at an intermediate level (Fig. 1a). For Cae-
lifera species this trend was not found (Fig. 1b). Stepwise
multiple-regression analyses showed that the species rich-
ness of both Ensifera and Caelifera was significantly cor-
related with vegetation heterogeneity (Fig. 1c, 1d). The
total species richness of Saltatoria was positively corre-
lated with vegetation heterogeneity (X;) and negatively
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correlated with total percent vegetation cover of vascu-
lar plants (X)) (V=182 + L1 X, — 02X, F, 5 = 147,
2 = 0.66, p < 0.001, 2 = 18).

BUTTERFLY ADULTS AND LEPINDPTERAN LARVAE

Eighteen adult butterfly species (1 437 individuals) were
recorded on the 18 sites, The total number of butterfly
species increased with declining grazing intensity, from
10 species on intensively grazed pastures to 14 species
on extensively grazed pastures and 17 species on un-
grazed grasslands. The mean number of occupied sites
per species also increased with decreasing grazing inten-
sity, from 1.9 sites on intensively grazed pastures o 3.2
sites on extensively grazed pastures and 3.8 sites on un-
grazed grasslands. The most abundant species on the
pastures (12 sites) were Maniola furtina L. (26.3% of all
individuals), Aglais urticae (L) (25.7%), and Pieris napi
L. (20.4%). On ungrazed grasslands, Thymelicus lineolus
Ochsenh. (25.8%), 7. splvestris Poda (11.5%), and M.
jurtina (17.4%) were the dominant species. None of
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Figure 2. Effects of grazing intensity (1, intensively grazed pastures; E, extensively grazed pasiures; U, ungrazed
grassland) on butterfly adults and lepidopieran caterpillars: (@) mean (=1 SE) number of adult species (F5 ;5 =
13.9,p <0.001, n = 18) and (b) mean (1 SE) number of caterpiflar species (T, ;5 = 1135, p = 0.001, n = 18). Dif
ferent letters above bars indicate significant differences (Tukey’s bonest significant difference). Correlation between

mean vegetation height and (c) number of adult butterfly species (Y = 2.9 =55.5/X, F 106 = 28.6,1° =064, p <
0.001, n = 18) and (d) nwmber of caterpillar species (Y = 2.8 —54.6/X F, ;5= 19.47, 17 =035, p <0001, 0 =18)
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these abundant species could be characterized as a habi-
tat specialist.

Mean species richness and mean abundance of adult
butterflies were significantly higher on ungrazed grass-
Iands and extensively grazed pastures than on inten-
sively grazed pastures (Figs. 2a & 3a). Multiple-regres-
sion analysis showed that both species richness and
abundance were significantly positively correlated with
vegetation height (Figs. 2c & 3c).

Across all 18 sites, we recorded 1272 larval individuals
comprising 31 species or morphospecies. The most
abundant species on all three habitat types were the but-
terflies A, wurticae (34.7%) and Inachis io L. (20.9%). Spe-
cies distributions by management type showed that the
moth Eurrbypara boriula (1) was especially abundant
on intensively grazed pastures (5.2%) and ungrazed
grassland (13.6%), whereas the butterfly Araschiia le-
vana L. was abundant on extensively grazed pastures
(42.1%).

Grazing intensity and Insect Diversity 1575

The number of species increased significantly from in-
tensively grazed pastures to ungrazed grasslands, but did
not differ significantly between intensively and exten-
sively grazed pastures (Fig. 2b). The abundance of lepi-
dopteran larvae showed a similar pattern: abundance
was highest on ungrazed grasslands and significantly
lower on intensively grazed pastures (Fig. 3b). Abun-
dance of Lepidoptera on extensively grazed pastures
was at an intermediate level.

Results from multiple-regression analyses showed that
mean vegetation height was the best predictor of both
species richness and abundance of butterfly adults and
lepidopteran larvae (Figs. 2e¢, 2d, 3¢, & 3d).

SOLITARY BEES AND WASPS AND THEIR NATURAL ENEMIES

A total of 431 occupied internodes were dissected, con-
taining 1741 brood cells (including 283 empty cells). Af
ter rearing, 1258 individuals emerged, comprising 23
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Figure 3. Effecis of grazing intensity (I, intensively grazed pastures; E, extensively grazed pastures; U, ungrazed
grassiand) on the abundance of butterfly adults and lepidopteran caterpillars: (a) mean (1 SE) nionber of indi-
vidual butterfly adults (F, 5 = 168, p < 0.001, n = 18) and (b) mean (*1 SE) number of individual caterpillars
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species. This insect community of bees and wasps con-
sisted of five species of solitary bees (Megachilidae: Chel-
ostoma florisomne (L.], Megachile versicolor Sm., Os-
mia rufa L., O. uncinata Gerst,, Colletidae: Hyleeus
communis Nyl.), six species of digger wasps (Sphecidae:
Passaloecus corniger Shuck., P. gracilis [Curt.], P. insig-
nis [v.d. Lind.], Psenulus pallipes [Pz.], Trypoxylon
clavicerum Lep. and Serv., T. figuius [L.]), five species
of eumenid wasps (dncistrocerus gazella [Pe.], A. pari-
etinus [L.], A. trifasciatus [Mull], Symumorphus bifas-
ciatus [L.], 8. gracilis [Brullé]), and one spider-hunting
wasp (Pompilidae: Dipogon nitidum Hpt.). We found
six species of natural enemies: two species of ruby-tailed
cuckoo wasps (Chrysididae: Chrysis cyanea L, C. ighila
L)), two species of ichneumon wasps (Ichiieumonidae:
Epbhialtes manifestator L., Hybomischos septemcincto-
rius Thbg.), one species of chalcid wasp (Eulophidae:
Melittobia sp.), and one drosophilid fly species (Droso-
philidae: Cacoxenus sp.). The most numerous species
were the digger wasp T, figufus (43% of all individuals),
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the solitary bee Osmia rufa (11%), and one species par-
asitizing T, figetlus, the ruby-tailed cuckoo wasp (C. cya-
nea) (9%).

The total species richness of bees, wasps, and their
parasitoids was significantly higher on ungrazed grass-
land (11.5 % 0.8) than on intensively (4.7 = 0.9) or ex-
tensively (6.2 = 1.0) grazed pastures (F, ;= 16.8,
p < 0.001, 72 = 17). The total number of emerged indi-
viduals of bees and wasps was highest on ungrazed ar-
eas (85.3 = 13.7) but was also higher (F, 1; = 14.8,
P < 0.001, n = 17) on extensively (46.8 = 2.9) than on
intensively grazed pastures (26.8 = 5.9).

The species richness of bees and wasps was significantly
higher on ungrazed grassland than on pastures (Fig, 4a). Par-
asitoid species richness was also highest on ungrazed grass-
land and lowest on intensively grazed pastures (Fig. 4b). Re-
sults for species ahundance differed from that of species
richness hecause there was also a significant increase in the
abundance of bees and wasps (Fig. 54) and their parasitoids
(Fig. 5b) from intensively to extensively grazed pastures. As
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i. Liffects of grazing intensity (I, intensively grazed pastures; E, extensively graz zed pastures; U, ungrazed grass-

land) on species richmness of trap-nesting bees and wasps and thelr neatin ‘al parasitoids ( Hymenaptera): (a) mea (X1
SE) species richness of bees and wasps (T, ,, = 187, p <0.001,n = 17y and (b)) mean (%1 SE) species richiess of
parasitoids (F, ., = 6.6,p = 0.009,n =1 7) Different letters above bars indicate significant differences (Tukey's bon-
est significant dyfe: -ence). Correlation between (c) wpeaes richness of trap-nesting bees and wasps and mean vegefa-
tion beight (Y = —12.7 + 5.1 in(X), F; ;5 = 22.0, P =059, p <0 001 n = 17) and (d) species riclness of parasi-
loids and species richness of bosis (Y = —0.85 + 04X F; ;5 = 20.0, 2 =0.63, p <0.001,n=17)
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for the Lepidoptera, mean vegetation height was the best
predictor of species richness and abundance of solitary non-
parasitic bees and wasps (Figs. 4a & 54). For the parasitoids
in the trap nests, species richness correlated best with spe-
cies richness of nonparasitic species (Fig. 4d), and parasi-
toid abundance correlated best with the abundance of non-
parasitic species (Fig. 5d).

Percent parasitism of Trypoxylon figulus was caused
by Chrysis cpanea and ranged from 5% to 35%. Percent
parasitism was lowest on pastures and significantly
higher on ungrazed grasslands (Fig. 6a), and we found
that percent parasitism was significantly positively cor-
related with both mean vegetation height and host abun-
dance (Fig. 6b). Another cuckoo wasp, Chrysis ignita,
parasitized the five species of eumenid wasps. Pooled
parasitism of these five species by the cuckoo wasp
ranged from 23% to 67% and was positively correlated
with eumenid abundance (F, |; = 4.8, 1* = 0,49, p =
0.04, 1z = 17), but there were no significant differences
the three types of habitat,
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Discussion

Our results indicate that reducing grazing intensity can
he a useful measure to preserve and support insect diver-
sity on grasslands. Generally, we found a significant dif-
ference in both insect species richness and abundance
between intensively grazed pastures and ungrazed grass-
lands. The higher insect diversity in habitats with re-
duced or no grazing could be attributed to an increase in
vegetation height with respect to butterflies and trap-
nesting bees and wasps, whereas grasshopper species
richness was more strongly refated with vegetation het-
erogeneity. We found a stronger effect on insect abun-
dance than on insect species richness for butterfly adults
and trap-nesting bees and wasps but not for lepi-
dopteran larvae. Grazing reduction on pastures, from
intensive to extensive, was correlated with increased in-
scct diversity of only a few taxa, but absence of grazing
had a strong effect because the diversity of all insect
taxa increased under this condition.
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Figure 5. Effects of grazing intensity (1, intensively grazed pastires; E, extensively grazed pastures; U, ungrazed
grassland) on abundance of trap-nesting bees and wasps and their parasitoids (Hymenoptera): (a) mean (+1 SE)
abundance of bees and wasps ¢ By = 148 p <0001, n = 17} and (L) mean (1 SE) abundance of parasitoids
(Fy.y = 16.5, p = 0.001, n = 17). Different letters above bars indicate significant differences (Tukey’s honest sig-
nificant difference). Correlations between (c) the abundance of trap-nesting bees and wasps and mean vegetation
Deight (Y = 2.9 + 002X, F s = 0.7, 2= 0.31, p =0.02, n =7) and (d) the abundance of parasitoids and their
trap-nesting hosts (bees and wasps) (Y = —5.1 + 1.7X F; 15 = 73.8, ¥ = 088, p <0.00f,n =17},
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pastures; E, extensively grazed pastures; U, ungrazed grassland) on mean (=1 SE) parasitism rate (F, 4 = 10.1,p =
0.002, n = 17) (different letters above bars indicate significant differences [Tike)y's honest significant differencel);
(b)) correlation of percent parasitisin with botl mean vegetation beight (X ) and bost abundance (X;) (Y =
—19.9 + 0.6X, + 5.4 X, F5,3 = 16.9,r° = 0.60, p <0.001,n = 17).

This increase of species diversity from intensively to
extensively grazed pastures could not be linked to bottom-
up effects, as predicted by the resource-heterogeneity
and the resource-productivity hypotheses (Strong ct al.
1984: Siemann 1998; Waide et ai. 1999), because vegeta-
tion characteristics did not differ between the two pas-
ture types. Thus, our results on the grazing intensity of
the pastures differed from those of former studies in
which insect diversity followed changes in plant archi-
tecture (Andrzejewska 1965; Brown et al. 1992; Lawton
& Schrider 1977; Haysom & Coulson 1998), plant pro-
ductivity or diversity (Walsingham 1978; Southwood et
al. 1979: Lawton 1983; Hunter & Price 1992; Rosen-
zweig & Abramsky 1993; Siemann 1998), or destruction
of feeding niche (Andrzejewska 1965). Our results cor-
respond to the those of Di Giulio et al. (2001), whao
- found that changes in grassland management are re-
fected in the insect communities of Heteroptera but not
in the vegetation. However, our results on the grazing
intensity of pastures are in agreement with a trophic-
level hypothesis, which claims that trophic interactions
such as between plants and herbivorous insects may be-
came disrupted by disturbances such as intensive graz-
ing (Southwood 1988; Tscharntke 1997; Holt et al. 1999).

In contrast, the significant difference in insect diver-
sity between pastures and ungrazed grasslands could be
attributed to changes in vegetation characteristics (i.e.,
to bottom-up effects). The strong correlation of the spe-
cies diversity of Lepidoptera and trap-nesting bees and
wasps with vegetation characteristics showed that the
latter were good predictors of insect diversity. Because
vegetation height may indicate enhanced biomass and
architectural complexity of plants, our results support
the resource-heterogeneity and resource-praductivity
hypotheses (Strong et al. 1984; Siemann 1998). The pos-
itive correlation between the species richness of grass-
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hoppers and vegetation heterogeneity reflects the re-
guirement of grasshopper species for habitats that
provide a vegetation mosaic of bare ground for oviposi-
tion and vegetation for food (Dempster 1963; Curry
1994). This agrees with the results of Wettstein and
Schmid (1999), wha found higher grasshopper diversity
on grazed than on mown sites with a more homogenous
vegetation. Morcover, the increase in vegetation height
on the ungrazed grasslands was linked to a total lack of
disturbance by grazing.

Intense grazing reduces both the volume and com-
plexity of the habitat available to aboveground inverte-
brates (Curry 1994). The number of caterpillars (i.e., the
reproduction success of Lepidoptera species) was not
significantly increased by a reduction in grazing, but a
ban on grazing resuited in significant changes in vegeta-
tion height, which was related to species richness and
abundance. These findings support those of Balmer and
Erhardt (2000), who found a more diverse butterfly
fauna and more threatened species on old fallow land
than on pastures and early fallow land. Wettstein and
Schmid (1999) found higher butterfly densities on
mown than on grazed grassland and attributed this to a
higher abundance of nectar plants.

The hymenopteran species colonizing the trap nests
also benefited from a reduction in grazing. Insect abuo-
dance but not species richness was higher on exten-
sively grazed pasture than on intensively grazed pasture
for bees, wasps, and their natural enemies. The percent
parasitism of T. figulus by C. gyanea did not differ signif-
icantly between the two pasture types. On ungrazed
grasSlands, however, percent parasitism increased three-
fold, supporting the hypothesis that disturbance affects
the relative importance of higher trophic levels.

Grazing reduction on grasslands appears to be an im-
portant management practice by which to maintain and
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increase insect diversity. Thus, financially supported ex-
tensification programs to maintain or restore traditional
land-use practices may play an important role in the con-
servation of biological diversity on grasslands, Grassland
ungrazed for some (3-10) years will further promote
overall insect diversity (Kruess & Tscharntke 2000) and
will greatly contribute to the stabilization of trophic in-
teractions such as parasitism. A mosaic of extensively
grazed and ungrazed grasslands, with a resumption of
grazing after a few years to prevent succession into
woody habitats, may be the best strategy with which to
maximize biological diversity and the strength of trophic
interactions, which appear to be disrupted by distur-
bance through regular grazing.
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Interspecific Effects of Artifically Propagated Fish:
an Additional Conservation Risk for Salmon
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Abstract: For more than 120 years, batcheries have released enormous mwmbers of Pacific salimon to com-
pensale for numerous buman ifnsulls to their popedations, yet the ecological effects of this massive effort are
poorly nnderstood, We lested the bippothesis that hatchery-reared steelfbead salmon (Oncorhynchus mykiss) re-
leased into the Snake River Basin negatively affect the survival of wild Snake River steelbead and chinook
(0. wshawytscha) salmon. Because climatic conditions can influence salmon survival, we included an index
of the El Nifto-Soutbern Oscillation (ENSQ) as a covariate in our analyses. Based on Hute series of Datcher)
refeases and rates of smoll-to-adult survival, we demonstrate that the survival of wild chinook salmon is neg-
atively associated with batchery releases of steelbead, The state of the (ENSO) did not affect the strength of
this relationship. We observed no relationship between survival of wild steelbead and steefbead batchery re-
leases. Our resulls suggest that industrial-scale production of batchery fishr may hinder the recovery of some
threatened salmonids and that the potential interspecific {impeact of batcheries inist be considered as agencies
begin the process of batchery refori. :

Efectos Interespecificos de Peces Propagados Artilicialmente: un Riesgo Adicional para la Conservacién del
Sulman

Resumen: Por nids de 120 afios, las granfas ban liberado mifimeros enormes de salmones del Pacifico para
comfprensar las numerosas agresiones bumanos a sus poblaciones, sin embargo, los impactos ecoldgicos de
este esfiterzo masivo son foco entendidos, Evaluamos la Bipotesis de que la trucha eabeza de acero (Onco-
thynchus mykiss) criada en granjas y lberada en la cienca del Rio Snake afecta negativaimente la super-
vivencia de tritichas cabeza de acero y salmones chinook (0. tshawytscha} silvestres. Puesto qie las conci-
clones climdticas preden influir sobre la supervivencia del salmon, incluimos un indice de la Oscilacion del
Nifto del Sur como covaviable del andlisis. En base a series de tienipo de las liberaciones de las granjas y las
tasas de supervivencia basta adulto de peces migrantes al mar, demosirantos que la supervivencia del
salmadn chinook silvestre estd negativamenle correlacionada con las liberaciones de tritchas cabesza de deero
de las granfas. Bl estado de la Oscilacidn del Nifio del Sur no afecid el grado de correlacion. No observennos
relacidn alguna enire In supervivencia de las truchas silvestres y las liberaciones de las granjas, Nuestros re-
stiltados sugieren gue la produccion a escala industrial de peces de granfa puede obstaculizar la recuper-
acidn de algunos salimdnidos amenazados 3 que of imjiacto interespecifico polencial de las granjas deberfa
ser considerado en cuanio las agencias iniclen el proceso de reforma de las granjas.

Introduction

The decline of fisheries is a widely publicized example
of resource mismanagement. A common solution to this

Teniil phillesin@noaa.gon,
Paper submitted May 11, 2004; revised mnanuscripnt accepted Decein-
ber 23, 2001.

decline is to prop up fisheries with hatchery-reared fish
or artificial propagation, sometimes on enormous scales.
For example, each year hatcheries along the west coast
of the United States release nearly 1.2 billion juvenile
salmon (Mahnken et ai. 1998), with 200 million salmon
released into the Columbia River alone (Flagg et al,
2000). The merits of hatchery production have been
challenged on two grounds. First, in many cases hatcher-
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