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Effects of habitat loss and fragmentation on species loss and colonization
of insect communities in experimental alfalfa landscapes
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Abstract: In agro-ecosystems, habitat loss and fragmentation may alter insect assemblages such as ladybug
beetles and aphids, potentially affecting important ecological interactions. We used an experimental model
system (EMS) with multiple micro-landscapes in which the habitat loss and habitat fragmentation impacts
were distinguishable to test the following hypotheses: (1) Habitat removal results in short-term increases in
population density in remaining habitat patches (crowding effect); (2) For the same total habitat area on a
landscape, insect density will be higher in landscapes with more but smaller patches and more habitat edge
than in less fragmented landscapes; (3) This positive effect of fragmentation on density is larger in landscapes
with small inter-patch distances, and these last two effects on colonization should be reduced or disappear
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over time following habitat removal. This EMS included 18 fragmented and 18 clumped experimental plots.
Alfalfa was cut to 1 mx1 m patches in fragmented plots (H=1) and retained the whole patches in continual
plots (H=0). Habitat loss was designed to 90%, 80%, 70%, 50%, 20% and 0% respectively. Every plot was 3
times replicated and 0% of habitat loss was CK. Net sweeping, barber traps and clapper boards were used to
investigate insect species in experimental alfalfa landscapes. 38 species were divided into 4 groups and di-
versity and abundance of every group were caculated and the relationship between diversity and habitat loss
was analyzed. In our EMS, there was little support for the threshold phenomenon or for general effects of ha-
bitat loss and fragmentation, although this conclusion needs to be tempered by the limited duration of the
experiment. We observed no threshold in species loss after habitat fragmentation and habitat loss in experi-
mental alfalfa landscapes. The species number in fragmented habitat was higher than that in continual habitat
under the same degree of habitat loss. Insect abundance was lower in micro-landscapes with 80—90% habitat
loss than in CK. As for species, individuals in fragmented habitat were higher than that in continual habitat
under the same degree of habitat loss. Insect diversity did not differ among variously treated mi-
cro-landscapes. It appears that insect colonization is low in micro-landscapes with 80-90% habitat loss; spe-
cies richness, abundance and diversity were all significantly lower than that in CK, especially in fragmented
habitats. Herbivorous species appear to colonize more rapidly than predatory species after habitat fragmenta-
tion and loss in experimental alfalfa landscapes. Our results did not support our first, but provided some sup-
port for the other two hypotheses. We suggest that fragmentation decreased the rate of immigration to
patches, resulting in lower population densities in more fragmented landscapes. These results could be used
to guide spatial and temporal aspects of the design of agricultural systems in order to enhance natural preda-
tor populations in agricultural landscapes and suppress pest population to the greatest extent.

Key words: habitat loss, habitat fragmentation, grasslands, insect diversity, landscape structure, threshold
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Table 2 Relationship between insect groups diversity and habitat loss

[Bl =77 7 BTG RHR?
Regression (Variables includes) Model R?
WAL /NX. Fragmented plots (4b P Treatment) Y=-2.0045-2.1234X, 0.7679
#ESL/NMX Clumped plots (4P Treatment) ¥Y=-3.3982-3.0909.X; 0.6783
WiREAL/NX. Fragmented plots (%5 Restoration) Y=-2.8213-0.6660X,—1.4537X, 0.8948
#EL/MX Clumped plots (K& Restoration) ¥=3.1982-1.6338X; 0.7795

X MR AG Xo: R TR A X AP AR R X MR H R N Y AR A
X, phytophagous insects; X,, predatory; X, parasitoids; Xs, ground-dwelling beetles; Y, habitat loss

R3 HEEHWHRRLERARRHEFEUNATESINTRERKR

Table 3 Results of ANOVA testing the effects of habitat fragmentation (H=1, H=0) and habitat loss (90%, 80%, 70%, 50%, 20%,

CK) on the lacunarity of species distribution

A SRR F HiEzdf ByJi MS FOREWSE,  PORFI/IRE,
Source of variation (AP, Treatment/ Treatment/ Treatment/
Restoration) Restoration) Restoration)

B All species (% model R>=0.9739)
A BIiREAL Habitat fragmentation 1 0.1985/0.0065 209.63/5.71 0.0001/0.0268
4536k Habitat loss 4 0.0663/0.0373 70.08/32.97 0.0001/0.0001
A IE DL TE L x 423532 2k Habitat fragmentationxloss 4 0.0606/0.0146 63.97/12.90 0.0001/0.0001
%24 Error 20 0.0009/0.0011

Hi &k . H Phytophagous insects (152 model R*=0.9377)
A Bk Habitat fragmentation 0.1141/0.0608 98.35/67.25 0.0001/0.0001
A 853k Habitat loss 0.0220/0.1091 19.01/120.73 0.0001/0.0001
BT A < A2 553 K Habitat fragmentationxloss 0.0368/0.0442 31.68/48.88 0.0001/0.0001
2% Error 20 0.0012/0.0009

ittt Rt Predators (% model R>=0.9773)
AEBSEELL Habitat fragmentation 1 0.0314/0.0018 30.06/ 1.98 0.0001/0.1746
A= 8i¥6k Habitat loss 4 0.0421/0.0709 40.35/79.62 0.0001/0.0001
A B AL < AE BT 2K Habitat fragmentationxloss 4 0.1746/0.1368 167.36/153.73  0.0001/0.0001
RZ Error 20 0.0010/0.0009

MR Parasitoids (B % model R*=0.3117)
A= BIEREAL Habitat fragmentation 667.1254/0.4201 1.01/482.85 0.3262/0.0001
A8k Habitat loss 663.4662/0.3038 1.01/349.25 0.4269/0.0001
A IE DL TE L x 423532 2k Habitat fragmentationxloss 660.7799/0.1236 1.00/142.07 0.4289/0.0001
%% Error 20 658.4306/0.0009

2 F R 3 R B Ground-dwelling beetles (F ! model R*=0.9727)
AR AL Habitat fragmentation 1 0.3121/0.0001 371.57/0.08 0.0001/0.7818
A= Bi¥e K Habitat loss 4 0.0217/0.0752 25.83/111.18  0.0001/0.0001
AR < A2 551 K Habitat fragmentationxloss 4 0.0499/0.0719 59.45/106.24 0.0001/0.0001
2% Error 20 0.0008/0.0007

RER, PIHRECAN-2.1234; (EELLP AT, [FFE
WA IR, AN R JSE AEe R R0
HIDERR, BIHRBCH-3.0909. A A5 2 L
PR AT T B U IO RS DUB AN ], FE RS
WRIAL B, SIN TR B S A R A4
A, HAEBRE R R GOOCR, [ RE

H-0.66605-1.4537; {EIELLMb B, HEIANT1

AR, AT R R S A R A R AU DGR

#, MIHRECH-1.6338.

25 A[E RS IR T K R ANAR B AL B9 M BT
A O SOW AR Bk R AL fE, AR E

I AR S S e AN R (6 3) o AR 2k
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