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Abstract

Chemical knockdown and branch clipping
procedures were used in wandoo (Eucalyptus
wandoo) woodland and jarrah (E. marginata)/
marri (E. calophylla) open-forest toc sample
arboreal invertebrate faunas on three species of
Western Ausiralian eucalypts. Jarrah was
sampled in both habitats and had significantly
lower invertebrate populations and a less diverse
fauna than either wandoo or marri. The two
procedures provided similar results with respect
to the relative abundance of invertebrates on
each plant species but the knockdowns sampled
a more diverse fauna, including species
sheltering in or on bark. Chemical knockdowns
underestimated the abundance of sessile
invertebrates, such as psyllids. Branch clipping
sampled insufficient numbers of large, mobile,
or cryptic invertebrates to estimate abundances,
but provided a more accurate estimate of the
abundance of sessile, leaf-dwelling organisms.
Neither procedure provides a complete sample of
arboreal invertebrates, but they are complemen-
tary. When used in conjunction with each other
a more complete estimate of arboreal invert-
ebrate abundance and diversity is obtained.
Both procedures can be used concurrently with
only a small increase in field time.

*Present address: Department of Ecosystem Manage-
ment, University of New England, Armidale, NSW 2351,
Australia.

Introduction

Invertebrates are key components of forest
ecosystems. They play important roles in
promoting soil structure and nutrient turnover,
are major herbivores, seed-feeders and pred-
ators, and contribute to the maintenance of
plant species diversity. They are also important
in pollination and seed-dispersal. In addition,
invertebrates are the principal food resource for
the majority of forest birds. These are compel-
ling reasons for the need to understand the
patterns of abundance, distribution and taxo-
nomic composition of forest invertebrate
communities. Before such information can be
obtained with acceptable levels of accuracy and
repeatability, it is necessary to understand the
degree of bias inherent within individual
sampling procedures. These problems are
typical of those encountered by biologists
seeking to estimate the abundance of other
forest organisms. Invertebrate sampling, there-
fore, requires the same attention to detail and
comparison of methods as, for example, is used
to assess census procedures for birds (see Ralph
& Scott 1984 for reviews).

Although in recent years a number of investi-
gators has sampled invertebrates on euca-
lypts, usually only one procedure has been used.
Most commonly a variation of the branch or
foliage clipping method has been employed
(c.g. Ohmart ef al. 1983; Bell 1985). Abbott and
Van Heurck (1985) used standardized sweep
samples with an insect net and Recher et al.
(1983) applied visual counting procedures.
Majer (1986) sampled canopy invertebrates
using chemical knockdowns. It is likely that
each of these procedures is biased towards par-
ticular components of the invertebrate fauna.
Both clipping and visual searching procedures
probably underestimate the abundance of
smaller or more mobile species and do not
sample invertebrates sheltering in bark or on
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branches. Sweep samples and chemical knock-
downs may miss sessile animals or those in
webs and cocoons. Visual counts and sweep
samples probably also suffer from observer
vanability.

Independently we had begun studies of
eucalypt canopy invertebrate communities
using clipping (HR) or chemical knockdown
(JM) procedures. In this paper, these two
methods are compared for estimation of the
abundance and spatial patterns of foliage
invertebrates. The invertebrate fauna on three
species of Western Australian eucalypts are
contrasted.

Methods

Invertebrate communities were sampled on
wandoo (Eucalyptus wandoo) and jarrah (E.
marginatay at Dryandra State Forest (Grid
CU 114 on Forests Department Dryandra Map)
in March 1986 and on jarrah and marri (E.
calophylla) in the Victoria Forest block at
Karragullen (Grid AZ65 on Forests Depart-
ment Kelmscott Map) in October 1986.
Canopy density and height ranges were 30%
and 1-10 m at Dryandra, and 60% and 1-18 m
at Karragullen. Chemical knockdown, but not
branch clipping, samples were also available
from wandoo for March 1984 and March 1985,
and from powderbark wandoo (E. accedens) for
March 1985 in Dryandra State Forest. None of
the tree species was in flower at the time of
sampling.

Pyrethrum knockdown samples

Between three and five patches of woodland
canopy were selected at each site. Each-patch
was >25 m2, The canopy was in the height
range of 2-8 m above ground and consisted of
foliage from 1 to 10 adjacent trees. During early
moming the ground layer was cleared and
calico sheets of 25 m? area were spread on the
ground. The canopy was then sprayed with 5 |
of 0.5% natural pyrethrum pesticide using a
motorized knapsack mistblower. Knockdowns
were performed between 1000 and 1200 h and
the insecticide reached an approximate height
of 7 m. The trees were then left for 30 min to
allow silk-attached animals to drop to the
ground. At the end of this time the canopy was
shaken to dislodge any remaining animals. All

animals were then collected from the sheets ang
placed in vials of 70% ethanol.

On return to the laboratory the resulting
catch was separated and counted in brogg
taxonomic groups. The animals were placed in
hlter paper funnels for 12 h to drain off the
preservative and then weighed. It was assumeq
that this weight approximated the live wet.
weight of the animals. Ants were weighed
separately since they were usually the most
abundant animals.

Branch clipping

Trees were selected with foliage between 1.5
and 4 m above ground. From each tree a single
sample of leaves, twigs and small branches
(<10 mm in diameter) was clipped from the
outer foliage of a single branch. Samples were
selected which weighed 150-250 g and con-
tained 2 minimum of 40 leaves. Branches with
large numbers of seed capsules were avoided.
Samples below 2.5 m were inserted into a
plastic bag prior to clipping while higher
samples (2.5-5 m) were bagged as rapidly as
possible. No animals were observed leaving the
samples before bagging. The bagged material
was sprayed with a rapid knockdown house-
hold insecticide and the bag sealed until
processed.

In the laboratory, bags were opened after
weighing and the sample vigorously shaken
prior to removal. The bag was then inspected
for invertebrates dislodged by shaking; these
invertebrates were identified and counted.
Forty leaves were then taken randomly from
the sample and inspected on both surfaces for
sessile invertebrates and those in webs or
cocoons. If present these were identified and
counted. Invertebrate numbers obtained from
these bags were then expressed as numbers/g of
sample so that comparisons could be made
between tree species. The average area of a
single leaf for each species at cach site was
esimated from the mean of a randomly
selected sample of 150-200 leaves. Abundances
of sessile and web-spinning invertebrates plus
those in cocoons were then compared between
tree species using equal sized leaf areas (i.e.
numbers cm~—2 leaf area). Numbers were
halved to allow for the presence of invert-
ebrates on both the upper and lower surface of
the leaf. A Li-Cor portable area meter was
used.

sl wo



“PaISI} 10U “1'u JUedYIUSIS 10U ‘SN ($0°0>dy 1591-() ASUMYM-UUBN Y} Sursn pasedwiod ale B1EP Y1 3qrssod Iy m

-
o~
=
=
g
g
m 1y FT¢ P ) 1Y 81 87 920 91 L0 L1 91 9’1 | 4 (8) sseworg
S 16797 TE8T 96t 98¢ 13.14 LIT [4%4 09t 0921 961 ve1 601 1L ov1 SIUE JUIpn|oXa SAIBIGILIAUL [BI0]
m }rregxese 1484 il 4 LO¢ C6T %6r 9'¢8+ 8561 6L1 £z | LOT (4% SI1B1QIUAAUL [BIO],
m SN 801 +9'1¢ pi )2 it 81 14! ¢L Frll ¥4 o1 9 14! L4 s3910 mINdoustAH
2 SN 668 ¥9°66 851 91 [ 8L T 69+ 869 X4 6% 6% 9t 761 sjue eindouswiy
Y SN LT F9¢€ v L ¢ 4 - £ F¥E 1 L i i L Jeate] mandopid]
3 SN 6’1 +T¥ ¥ Y L £ T 't +¥'1 £ | I - < sympe esndopida]
..m s S A A4 S {4 0t 9 Sl 6EIF86 143 £ [ l 6 synpe exndiq
m SN 01 0t (4 [4 14 £ 4 T +91 14 - 14 - - sAte] BI31G03]0)
R I vITF9S6 68 2l §9 6L £l ¢ *Fv8T ¥ 133 133 §T Y4 s)inpe es21do3[e)
' g0 R0 z I 1 — - - - — - - — synpe rindoinap]
Py #8°¢ £ b 9 £ €1 - - - - - - e1ajdouesiy |
SN 6% F0'1€ 13 £t 6f 91 9¢ 1'L1F+0E 9 4 0z 1 12 eldIuRY
SN 88 *t°¢ I £ 1T I I ' +7l [ ¢ - I 1 eRdod0esd
Tu — — — — - — 2T F0'1 — S —_ — — BIpO1EWISEYd
SN ¢'1 +t [4 t - - I £l *80 - - £ [ - esardoylo
Tu T +8°1 I ¢ ¢ - - 60 90 - - - - [4 era1deuniag
va - - - - - - LT F01 - 14 — - [ BIPOIUBIA
1 901F90¢ 1T ot 17 4 67 oL +001 11 ) e 9 9 eIpoNeg
SN 87 +07 [ ] L I - g1 *91 - L4 t I -~ eInuesiyj
B12a5U]
T $°0 +2°0 I - - - - - - - - - - BlOQUI[O7)
T80 FT0 I - - - - 60 +90 [4 - - - I epodos] eadelsni)
A A Y 06 14 6t 14} €01 +9TT LT St 14! ] L7 JBIUEIY
T A0 F90 i 4 - - - €0 ++0 - 1 - - I zpluoldiodsopnasd
EpIUYIRIY
NS psFX ¢ 14 ¢ [4 I PEFX S 14 £ { I
oopupm smddjpong vipuiSavu smiddjoong uoxYE]

9861 Y2 BuLnp 153104
amg eipueii w Adoued (oopupm sniddjponsg) copuesm pue (p1outBapui sniddppong) yeasel Jo saqdwes UsmopYoouy WiylaJAd Ut paIda[[0d SANBIGIHAAUL JO SSEWOLG puE s1aqunN ‘[ TTEV.L

PR




272 J. D. Majer and H. F. Recher

"Pa1sal 10U U JuBdyIudIs Jou ‘SN 1531-[] AUNYm-UUBY Y1 3uisn paledwiod I BIEP 9if) ajqissod 219y pp

SN OT +T% I't 9t s 0 FT{¥ oy 6t 0¢ 1A% L't (3) ssewlorg
SN I'1§ FQ'8¥2 14074 9¢z $0t 9v+969C 1314 89¢ 997 67t 00t sjue JUIPRIXD SAIBIGILIAUL JE10 ]
SN £Lvl+L8LY LEE 39 i£9 PP9F0'89¢ 67t 1293 60y 497 t6l SIIEIQIUIAUT [EIO ]
SN 9¢ +0¢ 4 11 9 601 +¥FI 3 4" 91 01 I sia10 eradouawAH
SN 0’6 *L0ET ttl [AY4 Lzt PREFP8O 124 98 1341 otl £ sjue e11douswiy
SN 1T +¢9 L 8 L4 77 +7¢ L ¢ 4 [4 [4 sease] exdopida
SNTI =+t - [4 e T 91 [4 £ ] [4 - synpe vaadopida
1u - — — - 77 701 g - - - - aeate] wrndig
SNTt +LV - 9 8 L *9L 6 6 ] ) L synpe ewndiq
LT FE - 4 [4 80 *80 l - - I C seate] eindoato)
SN T01 +¢°¢9 123 89 13 00T+8PL 86 09 89 t6 143 sinpe eradoajo)
1y — - — _ 50 90 - — I - 4 apale] €11doInan
Tu — - - — 9'0 F+0 - - - I I synpe exldoinayN
SN [T =+t - 14 £ PLI+0TI £ 0t 9l 8 t erdouesiy ]
SN 08 +t0¢ <l 1T 87 0617bLL 9% ¥l 91 8s tf eindiway
TU QT FOL - 4 | €0 F70 - — - — | eradooosd
TYU 90 F£0 I — - - — - — — - eaporewsey
SN 19 0¥ 1! [ - 8l ++'T - 14 14 £ 1 e1ajdoqu
R A A £ - 1 88 ¥¢9 - - - 91 91 eladeutagg
Yu g #1401 - 14 1 91 ¥ — [ ¥ [ - BIpOLUEN
SN 691 +¢'LL 134 £l 9 601+781 81 Tl Pl LE o BIpONElg
SN §T7 +¢t7°¢ - [4 § ¢y F0v 9 | [ I I pInuesiy |
£)3SU]
u - - - - 90 ++0 - - [ - [ B[OQUIA[OD
U - — - — S0 ¥T0 - — I - - epodos] wasei1snI)
SN 0L1 +1°66 68 06 oll LTFROL 6L 66 tll $9 e Jeuely
YeTi FL0 - 4 - 901+0°L 8 - - Y4 [4 BULIEDY/
90 FE0 _ _ 1 _ — _ - - — epIuo1dioIs0pnasy
eplUyIBlY
8§ PSTX £ z | psFX § 4 £ [ |
oopupm sniddpang Suapaoap sniddjpany UOXE]

€861 YJEN uLnp 15310 2)EIS BIpUBAI(]

u1 Adoued (popupm srudA[pang) copuem PUE (SuapaiIp snidAjpong) 0opueEm yieqiapmod Jo sapdues umopyoouy WnlylaIAd ur paidafjod sANLIGILIAAUL JO SSEWOLG Pue SIqUINN "7 I14V.L



r

Results

Dryandra State Forest

Total invertebrates, numbers of invertebrates
exclusive of ants, and inveriebrate biomass
sampled by chemical knockdown were all sig-
nificantly greater on wandoo than on jarrah
(Mann-Whitney U-test; P<<0.05; Table 1).
Eighteen of the 21 taxa recorded were more
abundant on wandoo. Of these, spiders
(Araneae), cockroaches (Blattodea), thrips
(Thysanoptera), adult beetles (Coleoptera) and
adult flies (Diptera) were significantly more
abundant on wandoo than jarrah (Mann-
Whitney U-test; P<<0.05). The ratios of both
abundance and invertebrate biomass were each
1:2 in favour of wandoo. Despite these
differences, approximately the same number of
taxa at ordinal level were found on the two
species. In a comparison of the invertebrate
fauna on wandoo and powderbark wandoo (E.
accedens) sampled by chemical knockdown in
1985, total numbers of invertebrates, invert-
ebrate biomass and the abundance of indi-
vidual taxa did not differ between the species
(Table 2).

The biomass of invertebrates on wandoo was
similar in 1984, 1985 and 1986 (Table 3).
However, total invertebrates were significantly
different between vyears (Kruskall-Wallis
analysis of variance; P<0.05). This was due to
ground-living ants foraging in greater numbers
on trees during the warmer years; if ants were
excluded from the invertebrate count there is
no significant difference in numbers between
years (Table 3).

Similar differences between wandoo and
jarrah were obtained by the branch clipping
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procedures, but fewer taxa were encountered
(Table 4). The ratio of abundance of invert-
ebrates on jarrah versus wandoo was 1:5 for the
bagged samples (Table 4a) and 1:13 if the
samples were standardized for leaf area (Table
4b). The majority of invertebrates sampled by
the clipping procedures consisted of sessile
groups such as psyllids (Hemiptera: Psylloidea)
or web-spinning animals such as moth (Lepi-
doptera) larvae. Fifty-two per cent of the in-
vertebrates recovered from the bagged sample
and 74% of those recorded on leaves were tn
these categories.

Karragullen

At the time of sampling there was an outbreak
of a psyllid, Eucalyptolyma sp., on marri. The
total number of invertebrates and the number
excluding ants was therefore significantly
greater on marri than jarrah (Mann-Whitney
U-test; P<<0.05; Table 5). If both ants and
psyllids are excluded, the ratio of total invert-
ebrate abundance between jarrah and marri
was |:4, but numbers between individual trees
were variable and the difference between tree
species was not significant.  Silverfish
(Thysanura) were significantly more abundant
on jarrah, but psyllids, beetle larvae and adult
flies were significantly more abundant on marri
(Mann-Whitney U-test; P<<0.05). Biomass was
also variable and, though greater on marri, the
difference was not significant. There was no
difference in the diversity of taxa at the ordinal
level on the two eucalypts.

The abundance of Eucalyptolyma on marri
was reflected in the branch clip results (Table
6). Apart from ants, which were more abundant
on jarrah, the numbers and kinds of invert-

TABLE 3. Numbers and biomass (£ + s.d.) of invertebrates collected in pyrethrum knockdown samples of wandoo (Eucalyptus
wandoo) canopy in Dryandra State Forest during March, 1984, 1985 and 1986

1984 1985 1986 Sig.
Sample size 5 5 3
Total invertcbrates 176.0 £ 80.9 478.7+147.3 382.8 + 83.1 *
Total invertebrates excluding ants 156.4+83.8 248.051.1 283.2+62.9 NS
* Inveriebrate wet-weight (g) excluding ants 29+22 4.2+1.0 32+ 1.4 NS
! Ant wet-weight (g) 0.1 £0.1 0.4+0.2 0.2x0.1 *
§ Mean minimum temperature ('C) 9.3 16.5 11.2
¢ Mecan maximum temperature ("C) 23.5 33.3 26.8
g Total March rainfall (mm) 24 6 14

The invertebrate data are compared using the Kruskal-Wallis one-way analysis of variance: P<<0.01; NS, not significant.



274 J. D. Majer and H. F. Recher

TABLE 4. Invertebrates sampled by branch clipping procedures on jarrah {Eucalyptus marginata} and wandoo (Eucalypryg

wandoo) a1 Dryandra State Forest

Vanable

——

Eucalyptus marginata Eucalyptus wandpg

a. Totlal number of invertebrates recovered {rom bagged samples

Number of samples 60 64
Sample weight (g) (X =s.d.) 227 +97 248+ 100
Invenebrates
Arachnida Araneae 9 19
Insecta
Homoplera psylhds 8 96
Homopiera others 0 10
Coleoptera 9 9
Diptera 7 7
Lemdoplera 10 15
Hymenoptera ants 5 24
Others 4 46
Total 45 226
Invertebrate numbers g~ ! of sample X 103 3 14
b. Total numbers of invertebrales recorded on samples of 40 leaves
Number of samples 64 64
Mean leal area {cm?) 32.0 165
Invenebrales
Insecta
Homoptera psyllids 5 19
Homoptera others 1 1
Hymenoptera ants 0 6
Others 0 17
Total 6 43
Invertebrate numbers cm — 2 leaf surface X 105 4 51

ebrates collected from the bagged samples were
greater on marri than jarrah. Psyllids in particu-
lar were much more abundant on marn with
nearly 2000 recovered from the bags. Although
psyllids formed 98% of the invertebrates from
the bagged marri samples, only 94 (70%) were
collected from the bagged jarrah samples (Table
6a). A total of 11 psyllids were recorded on all
the jarrah leaves inspected (n = 1280) whereas
there was an average of 4.2 psyllids per
individual marri leaf (Table 6b).

Discussion

Of the eucalypts sampled at both Dryandra and
Karragullen, jarrah supported the smallest
numbers and the lowest biomass of arboreal
invertebrates. These differences are reflected in
the use of the various tree species as foraging
substrates by birds. At Dryandra few birds
occurred in jarrah and most species foraged in
wandoo or powderbark wandoo (H. F. Recher,
unpubl. data). Abbott and Van Heurck (1985)

measured arthropod abundance on jarvah and
marri and compared the use of these trees by
forest birds. They sampled arthropods using a
sweep net technique and found similar biomass
and arthropod taxa on both marri and jarrah,
although the numbers of arthropods were
higher on the jarrah than the marri. This
discrepancy with the data from the present
study could result from the fact that these
authors sampled lower in the canopy than we
did. Although their sample sizes were small, the
three species of foliage-gleaning acanthizid
warblers on their study area foraged more¢
frequently on marri than jarrah relative to
expected frequency based on the proportion of
each tree species in the forest.

Reasons for different invertebrate abun-
dance levels on eucalypts are obscure although
it could be linked to the presence of secondary
plant compounds, the nutrient level of the
foliage, or to the structure of the leaves.
Selection of tree species by herbivorous
marsupials has been related to the presence of

1
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TABLE 6 Invertebrates sampled by branch chipping procedures on jarrah (Bucaliprios margineiay and marn (Eucalypry,

calophvliay ar Karragullen

— ]
fucalvpii

Variable Focalyvprus marginaii catopindia
T - T T
a. Total number of invertebrates vecovered Irom bapged samples
Nunmber of sumples iz 32
Sample weight (g) (¢ £s.d) 1390+ 6740 HHIEO=560
Sample height fm) (v s d ) 25 0¥ 25+ 1.
Invertebrates
Arachmida Arancac 3 6
Insecta
Orihaplera
Homoptera psylhids 0 |
Homopiera others 94 1884
Coleoplera 0 ]
I2iplera U ]
Lepdoptera 0 b
Hymenoptera ants 37 3
Total |34 = |94
Invertebrate numbers g F of sample > 107 3 =50
b. Total number of invertebrates recorded on samples ol 40 leaves
Number of sanmiples a2 32
Mean (4 s.d.) lealmea {em?) 206+51 204636
Mcan (% s.d.) weaight of 40 leaves (g) 24 2+4 5 315x72
Invertehrates
Insccta
Homopicra psylhids 11 5378
Total 11 5378
invertebrate numbers cm 2 leaf surface X 107 21 10294

secondary compounds and/or 1o differences in
foliage nutrient levels (Ullrey er al 1981;
Braithwaite ¢r a/. 1984). Herbivorous insccts
may respond in a similar manner with the
higher levels of abundance or smaller amounts
of secondary compounds. We have found no
information on secondary plant compounds in
wandoo or powderbark wandoo., although
Gildemeister and Hoffman (1961) and
Hingston (1961) respectively have produced
data on the levels of essenual oils and poly-
phenols in marri and jarrah. While there is little
difference in the overall oil concentration 1n the
leaves of the two species, the polyphenol value
1s 2.6 times greater in the jarrah than in the
marri leaves. This could account for the lower
levels of invertebrates on the former species.
There are few data available on nutrients in
the fohage of Western Australian eucalypts.
Hingston et al. (1980/81) found that jarrah
leaves had lower levels of nutrients (nitrogen,
phosphorus and potassium), as well as smaller
amounts of various trace elements, than marri.
However, both species appeared to have low

different seasons. However, some data pro-

nutrient levels compared to some cucalypts
from eastern Australia. J. Marshall (in [lirt)
points out that itis difficult to draw conclusions
on the nutrient status of eucalypt fohiage based
on samples taken from different locations orat

vided by Marshall (unpubl. data) suggest that
marri and wandoo foliage have higher nutrient
levels than jarrah. This could also account for
the lower usage of jarrah foliage by invert-
ebrates.

The anatomy of the leaves of these cucalypts -
may also influence their use by herbivores. In
comparison with wandoo and marri, jarrah
leaves are thinner. Also. the thickness of leaf
cuticle is greater on jarrah than on marri (Ridge
et al. 1984). Thus, jarrah leaves may be more
difficult to chew or penetratc than marri and
the nutritive reward per unit area of jarrah leaf
would be less than that of either wandoo of
marri,

Regardless of reasons for different invert-
ebrate abundance on the eucalypts sampled.
both knockdown and branch clipping pro- .
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cedures provided information on relative
bundance namely, jarrah has a poorer invert-
wobrate fauna than either marri or wandoo. This
' observation is consistent with the use of these
pecws as foraging substrates by small, foliage-
sleamng birds. The knockdown data collected
.over 3 years, for wandoo at least, suggest that
unvertebrale abundance and biomass does not
_vyary much from year to year for a given season.
_Work is currently in progress to determine the
seasonal variation in invertebrate abundance
;;and diversity on some of these tree species.
Each procedure samples a different part of
the arboreal invertebrate fauna. The knock-
downs sample a much wider array of invert-
ebrates and include many insects which live in,
or take refuge on, bark. Bark-dwelling invert-

ebrates 1include pseudoscorpions (Pseudo-
scorpionida), slaters (Isopoda), springtails
{Collembola), cockroaches and booklice
'(Psocoptera). The greater abundance of

;'silverﬁsh on jarrah than on marri is probably
. related to the fibrous and deeply furrowed bark
of jarrah providing a better habitat for these
animals than the hard, shallowly furrowed bark
“of marri. Clipping sampled sessile or web-
spinning animals almost exclusively. Less
common invertebrates, mobile animals and
bark-dwellers were unrepresented in clipped
samples. Nonetheless the two procedures
,complement each other and can be used con-
_currently with little additional field effort. By
producing greater numbers of invertebrates, the
-knockdown samples produce data which are
easier to analyse statistically than are those data
from the branch clipping samples. Both
- methods undersample those species which are
ionly present on foliage at night.

It was possible to perform two knockdowns
gvper day (restricting samples to between 1000
sand 1200 h) with the help of six people. An
sadditional two person hours was required to
ke 16 branch clip samples, but this work
uld generally be fitted into the knockdown
putine without extending field time. Sorting
d laboratory analysis for the two methods
kquired four person hours for each knockdown
g0d one person hour for each four to five clip
gmples. Eight knockdowns therefore required
g2 person hours, and 64 branch clips took
¥-15 person hours. In comparison with
rforming chemical knockdowns alone, both

pling techniques may be performed
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together with little additional field time and a
38-47% increase in laboratory time.
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