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Hunting behaviour and use of different hahitat types of & hreeding {weat Groy
was ohserved in a recycled land i rear Eila, Israck As Greal Groy Sheikes weren it
to breed in the Eilat area Tor more than z decade, detailed observations of hunting site seleciion
were conducted. Additionatly, arthropod abundance and impaicd prey items were monitored,
The breeding pair established s territory on the boundary of the “Bird Sanctuary™, a former
recycled landfill, where irrigation has facilitated the growth of dense vegetalion inside the
park boundary, while outside of it the sparse vepetation characteristic of semideserss bs Soain

Hunlings were categorised as either inside or outside of the Bird Sanchenry. 9
were applied to measure insect availability mside and outside the mm
that the shrikes foraged preferentially within the Bird Sancusry (Paired vt
3.63, P< 10G5), Diversity {revealed by Rénvi diversily index] and abundance of o
were consideraily higher inside the Bind Sancmary (Witcoxon Mached paiss Sigs
test, z-value > —2.428, P = (.0152). The monitoring of impaled prey items reveaal
sides insects vertebrates were also taken. Interestingly two specimens of the poisosous
Cone-tieaded Grasshopper (Poikviocerus bufonicus ) were also impaled and consumad.
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INTRODUCTION

Shrikes (Family Laniidac) are prominent birds of open habitats and @2
portant as indicator specics of cnvironmental degradation because they are sreda
tory and closely associated with agricaltoral areas (HANDS e ¢f. 1989, SAFRIEL
1995}, Shrikes are at present of special concern because many of the 30 species are
dechining, or have hecome localty extinct (TUCKER ef al. 1994, YOSEF 1994), Most
fong-term studies of previously robust populations of shrikes have documented
drastic declines, mostly in the late 20th century {e.g.. BUSSE 1993, PRAKALL }%
PETERIOHN & SAUER 1995}

Several factors have been soggested as couses for shrike popaiation da‘:‘.‘:ﬁﬁ-___
but changes in human land-use practices may be the most likely explanation {
Great Grey Shrike, Lanius excubitor, in Switzerland — Bassin 1981; Rod-dus
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Shrike, L. collurio, in Sweden — OLSSON 1995, Loggerhead Shrike, L. ludovicia-
aus, i North America — DROEGE & SAUER 1990; Brown Shrike, L. cristarus, in Ja-
pan - HAAS & OGAWA 1993). Other explanations range from climate change, i.e.,
wetter, cooler summers, which reduce activity and abundance of invertebratcs
(DURANGO 1950, PEAKALL 1962, LEFRANC 1993), to heavy application of nor-
ganic pitrogen ferulisers causing vegetation to grow early, dense and high (ELLEN-
BERG 1986, MARECHAL 1993),

The Great Grey Shrike is extremely widely distributed in the Holarctic region
(PANOW 1996), and its breeding area stretches from the North of Europe down to
Israel and Northern Africa. The Great Grey Shrike was a cormmon breeding species
in the Eilat region { YOSEF 19987 and was cxtirpated because of rural and housing
development and nse of biochemicals in the surrounding agricultural fickds. Thus,
the fact that after a Japse of almost ten years a pair of Great Grey Shrikes estab-
lished a breeding territory on an area recycled from a garbage dump into a “Bird
Sanctuary”™ by the International Birding and Research Center in Eilat (IBRCE}
suggested that the area had become a sustainable habitat for this indicator species,

Optimal foraging theory and the marginal value theorem are widely applied
to test how organisms choose feeding sites and prey types based on their profitabil-
ity (CHARNOV 1976). This predicts that an organism should forage in a pitch onfy
so long as the average food intake in this patch is higher than in all other surround-
ing patches. The combination of prey and patch models (STEPHENS & KREBS
1986) further predicts that patches of highest intake rates are preferred by birds
when the size of patches guarantees that their depletion is impossible. In order 10
test whether Great Grey Shrikes forage optimally we wished to establish whether
the birds were able (o select foraging sites with higher food availability, and hence
higher profitability. We hypothesised that wild Great Grey Shrikes are capable of
evaluating the productivity of neighbouring habitats and predicted that the studied
birds would spend a relatively greater period of time hunting in the habitat that had
greater prey abundance, and was thus energetically more profitable, This study
also allowed us to evaluate the success of the experiment wherein we created the
“Bird Sanctuary” on top of a landfill, in relation to its surrounding areas, We further
hypothesised that owing to the irrigation and higher density of plants in the bound-
aries of the “Bird Sanctuary,” we would find a greater density of entomotuena
within the boundarics of the Bird Sanctuary in relation to the surrounding areas.

MATERIALS AND METHODS

The International Birding und Research Center in Eilat (IBRCT), our of concern for the wel-
farc of staging migratory hird populations of Eurasia in the Eilat cepion. inftiated the study of the o=
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fects of homan land-use changes on avian migrants, To this effect the IBRCE was allocated a 50 ha
landfill as a ‘land recycling’ experiment. The landfill was in use from the early 1950's «ill the mid
197()'s and was the major landfill for the region, This offered us a unique chance to recycle a "human
abused’ landscape and to make it cnvironmentalty friendly ie., to convert it into a “bird sanctuary’.
The ultimate goal is to create a sancluary for migrant specics in the fast growing human-built concrete
jungle by planting specics that fruit or flower during migration scasons. Tn addition, the eunicipality
and the Mekorot water works allow the usc of parntially treated sewage water for irsigating the trecs
and creating a fresh water lake on the site. The irrigation waler is extremnely rich in arganic malter and
has allowed the trees an extremcly fast growth and flowering raie, and a higher than normal seed pro-
duction rate.

Thring spring 1997 a pair of Great Grey Shrikes established o breeding temitory on the west-
crin boundary of the bied sanctuary (29%33°N, 34°57°E) and built a nast in an Aveacia radianne Lree.
Visits of the parents were monitored for 10 consecutive days, between 30th March and 14th April
1997, for a total of 22 hours. Foraging site of the parcnts was categarised ax cither inside or ourside
the boundarics of the “Bird Sanctuary™.

To compare the prey available to shrikes within and outside the bird sanctuary, insect rranseets
and arthropod trapping was conducted in these arcas. The lenath of each invertebrate transect was 50
metres. We recorded all invertebrate seen on the ground or on the vegelation withina 1 m radius of
the path (50 x 2 metres). Two transcets were conducted, one inside the “bird sanctuary,” and one 40 m
parallel to the western boundary. The procedure was repeated at an additional locality within and out-
side the “bird sanctuary.” All transects were condacted on 28t April 1597,

The arthropod fauna composition of the habitats was evaluated with the use of while-water
traps (HARPER & STORY 1962, SOUTHWOOD 1966). Sixteen (eight in each hubitat) white plastic trays
of 2.5 cm diameter, filled with 2 cm of water and 2-3 drops ol delergent, were placed in the study ar-
eas and were emplied after 24 hours. The two trapping sessions were conducted on 22nd and 28Lh
Aprit 1997.

To analysc the white-water trap data we caleulated Shannon-Wiener diversity, evenress and
Margalef richness indices (PIELOU 1975). Wilcoxon matched-pairs sipned-ranks ests (Zar 1006)
were applicd to compare the abundance of specimens in each captured invertebrate orders in a
pair-wise manner. Diversity ordering, based on the Rényi formula, was also performed for compari-
son of specics richness (TOTHMERESZ 1995, 1997). The Rényi diversily index family is welt-known
for providing reliable results for communities ol all sizes {TOTHMERESZ 1995), The NuCoSa 1.0 and
DivOrd soflware packages (TOTHMERESZ 1903, 1996, 1997) were applicd 1o conduct the calewlation
of diversity ordering. SPSS PC {NOURIS) and Statistica programme packages were applied 1o carry
out the tests.

RESULTS

A total of 150 foraging sessions were obscrved. Of these the majority (103 vs
47) were within the boundary of the “Bird Sanctuary™ (Iig. 1) and was signili-
cantly higher than the number of forages outside (Wilcoxon Matched-pairs
Signed-ranks test, 2-tailed, 7= —2.5992, P< 0.0093).

The total number of invertebrates counted on transects (27 vs 5: Table 13 and
collected in the white-water traps (Tablc 2) was greater inside the bird sanctuary.
Both during the first and second trapping the number of invertebrates caught was
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Table 1. Entomofauns ohscrved om invertebrate trsects within the “Hirg

L _ its boundaries .

Species _ Dutside bird sanctnary Inside bird sanctuary
Lepidoptera sp. ] 6

Diptera sp. ]

Formicidae sp. 5

Orthoptara sp. &

Heteroplera sp. 0 _ i

Total _ 5 27

considerably higher inside the Bird Sanctuary. The pais
ber of arthropods in each order proved that abundance is sigﬁzf cantly Big
the Bird Sanctoary (Wilcoxon Matched-pairs Signed-ranks test, 2-tai Ied first ses-
sion: Z = -2.4286, P = 0.0152, second session: Z = ~2.5205, P = 0.01 in
For the first trapping Renv: diversity index was constantly higher for th{:
traps inside the bird sanctuary than on the outside (Fig, ’?A ). Howeyer,
ond trapping session (Fig. 2B) the two lines intersect '
ranked. The overall resolt is that abundance of many
ably higher inside the bird sanctuary. =
The size distribution of the invertebrates trapped outside and inside the Bird
Sanctuary also differed considerably. From the total of 196 insects trapped inside
the Bird Sanctuary, 57 {29.1%) were larger than 3 mm and 139 (70. 9%) werm -
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Fig. 1. Proportion of hunting atteraps outside and inside 1k & E@
Great Grey Shrikes. Tnside B.S denotes hunting withir the boundarias of the Bird Sanchrary, FEE
B.S. denotes hunting outside the boundaries of the Bird Sanctuary
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smaller than 3 mm. In contrast, outside the Bird Sanctuary from a total of 43 inver-
tebrates, 39 (90.7%) were smaller than 3 mm and only 4 (9.3%) were larger than 3
mm. These propertions of large and small insects were significantly different be-
tween the Bird Sanctuary and adjacent areas (y>-sqare test, df=1, ¢*=6.23, P=0.0124
after Yates correction).

DISCUSSION

The recychng of a landfilt into a bird sanctuary to serve as a staging area for
migratory birds is a concept that is not wide-spread. The critical location of Filat
on the eastern flyway of the Palacarctic, and the extensive human develapment i
the region in Tecent decades, requires such conservation measures to succeed 10 en-
sure the continued survival of the Eurasian bird populations. The best possible
measure for success is that of the wildlife returning to areas previously abandoned
by the species. Unfortunately, the decline or disappearances of hird species from
areas where human activities alter habitats ar¢ more abundant.
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Fig. 2. Rényt diversity ordering for the arthropeds caught during the first trapping (A} and sceond
trapping {B}. Tnside B.S denoles within the boundaries of the Bird Sanctuary; Qetside B S, denores
cutside the boundarics of the Bird Sanctuary
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Table 2. Results of twor sessions of invertebrate trapping using white-water (raps inside and out-
side the boundaries of the “Bird Sanctuary™ in Eilat, Israci

Species o 21 April o 2BApl
o Outside Inside ~ Butside loside
Hymenoptera 0 15 2 22
Diptera 0 7 i4 13
Formicidag ) a3 6 28
Crrthoptera 4] 1 i |
Heteroptera 2 1 O i
Arachnidae 0 3 {} 5
Homoptera ¢ L 8 16
Coleoptera 1 f 3] 1
Lepidoptera ! 1
Others ) a9 138 16 1
Total 43 196 82 263
Diversity
Shannen index 047 _ LOB 1.52 1.48
Richness
Margalef .80 171 E21 1.5
Menhinick - 06l b 0.76 R 0.63

The breeding attempt by the pair of Great Grey Shrikes after an absence of
more than a decade in the region is just such an indication. Further, the greafer
hunting effort calculated for unit observation time was higher in the irrigated area,
as was the number of large insects that are suitable for Great Grey Shrikes as prey
stems. Prey availability 1s 4 good predictor of avian foraging decisions, as has pre-
viously been proved especially in shrikes (MILLS 1979, YOSEF & GRUBB 1993,
1994). We should also mention that the vegetation inside the Bird Sanctuary pro-
vided amplc perch-sites, and its importance is highlighted by MOSKAT et af. (2000,

Optimal foraging theory predicts that birds will choose feeding patches,
where the average intake rate is the highest, and leave the foraging sites as profi-
ability of other sites is greater due to depletion of prey (SCHOENER 1971,
CHARNOV 1973, 1976, PYKE et al. 1977). But in reality, large stretches of a given
patch, 1.e., large areas covered by the same vegetation Lype, might provide insccts
or other resources in such quantities that foraging birds can not practically deplete
them. STEPHENS and KREBS (1986) formulated a habitat selection prediction for
such instances from the patch model and predicted that birds shonld choose those
habitats that provide the highest food intake. For the foraging shrikes differon
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types of agricultural lands constitute just such habitats (YOSEF & LOHRER 1995,
1998). The study of foraging Loggerhcad Shrikes in Florida, U.S.A. (YOSEF &
GRUBB 1993} and Red-backed Shrikes (Fuisz 2002) in Hangary, in a habitat,
where uncut and cut grass yielded feeding sites with different prey availability
showed that more hunting trips were conducted in the patches with uncut grass,
The analysis of prey availability in the cut and uncut patches revealed that both the
number of targe msects and diversity of invertebrates is higher in the patches of un-
cut grass. Similarly in the case of the Great Grey Shrikes the different types of veg-
etation inside and outside the boundaries of the Bird Sanctuary maintain differcnt
invertebrate communities. The importance of surface dwelling insccts in the diet of
breeding shrikes was emphasised by several authors (e.g., WAGNER 1994, HRO.
MADA & KRISTIN 1996, SCHONN 1995). Both invertebrate-census transects and
white-water trapping revealed that abundance of invertebrates was significantly
greater inside the recycled landfill and at-present irrigated area. In addition, as the
majority of the foraging trips were concentrated inside the Bird Sanctuary, this
suggests that the Great Grey Shrike pair foraged optimally, and preferentiallv. in
the given habitat. WHITEHEAD and WRIGHT (1994} also showed that foraging star-
lings (Sturnus vulgaris) choose meadows that offer a higher food intake.

In cur observations in the field, however, we also saw the shrikes hunt ac-
tively outside the boundarics of the Bird Sanctuary, in the sparse vegetation. The
monitoring of impaled prey revealed that, although during our observations pre-
dominantly invertebrate prey were brought to the nest (on one occasion a lizard),
the impaled caches consisted predominantly of birds, namely the resident House
Spartow (P, domesticus) and migratory Spanish Sparrow (Passer hispaniolensis)
and Blackcap {Sylvia atricapitia). On the matare Accacia trees outside the Bird
Sanctuary large flocks of migratory passerine species were {Tequently observed
and appear to be another food source for the breeding shrikes. TYRJANOWSKY er
al. (1999) also showed in Poland that breeding Great Grey Shrikes preferred and
successfully utilised breeding sites containing two different basic habitat types: in
the spring crops they hunted for insects and in the adjacent rural meadows they
mainly caught vertebrate prey items.

Only two invertebrate specimens were found impaled during our study. In-
terestingly both were the highly poisonous Black Cone-headed Grasshopper (Poi-
kyloverus bufonicus). One of these was consumed three days after impalin gand is
in contrast to the other impaled vertebrates that were fed to the brood within 24
hours of impaling. The longer period of time probably allowed for detoxification
and subsequent consumption of an otherwise unpalatable prey. This has previonsly
been shown to occur in the Loggerhead Shrike (L. ludovicianas) that is able to
avercome the toxic defenses of a4 wide range of chemically defended invertebrates,
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including lubber grasshopper {Romalea guttata), the math Uretheisa ornatrix, and
the beetle Lytra polita, after “coring” them by impaling for extended periods of
time (YOSEF & WHITMAN 1992, YOSEF ef al. 1996).

All of the above factors combined give a picture of success for the recycled
landfill and wherein the environment is in a better balance than the surrounding ag-
ricultural or urban areas. Our results suppert the hypotheses that indeed the Bird
Sanctuary has a greater density of entomofauna within the boundaries of the Bird
Sanctoary in relation to the surrounding areas, and that Great Grey Shrikes were
capable of cvaluating the productivity of neighbouring habitats. And consequently
the study birds spent a relatively greater period of time hunting in the habitat that
had greater prey abundance, and was thus energetically more profitable.
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