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Wing areas and wing loadings of New Zealand land birds

B.J. GILL*

Auckland War Memorial Museum#, Auckland, New Zealand

Abstract: Wing areas and wing loadings of New Zealand land birds are poorly documented in the literature. I therefore
report measured wing areas of 84 individual birds belonging to 27 species, with calculated wing loadings. Plotting the
data graphically allows some ecological inferences. Heavier New Zealand land birds achieve greater wing loadings than
lighter species, as is the case for birds generally. For flying birds, small passerines had the lowest wing loadings (0.12
g/cm? for the New Zealand fantail) and heavier non-passerines the highest wing loadings (0.88 g/cm? for the pukeko).
I expected non-migratory, forest-dwelling, endemic song-birds with weak dispersal abilities to have very high wing
loadings but this was not the case. Instead, native and introduced song-birds of similar size tended to have fairly similar
wing loadings. Wing loading was slightly elevated in the North Island saddleback and North Island kokako but the
whitehead was normal. The tui, a vigorous flier, had a much lower wing loading than expected for its mass. Data for
three flightless species suggest that while high wing loading is an important correlate of flightlessness, it is not the

only factor.
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INTRODUCTION
The ability to fly, and morphological adaptations
for flight, are prominent characteristics of birds.
Wing loading is the ratio of body mass to wing area
(Pennycuick 1985). Livezey (1992) regarded it as
probably the most direct measure of flight-related
morphology in birds. The relative wing loading
of different species of birds correlates with their
evolutionary history and their ecological niche.
Warham (1977) measured wing areas of New
Zealand procellariiform seabirds and found that
wing loading in petrels, as in birds generally,
increased with increasing body size and correlated

Received 30 December 2022; accepted 6 May 2023
*Correspondence: adiantum@outlook.co.nz
#retired

with aspects of the birds” ecology. Similar details
have not been available for New Zealand land
birds. While working as a museum curator I had an
opportunity to rectify this by tracing onto paper the
wing outlines of land birds from the northern North
Island region that were handed in dead to Auckland
Museum.

I measured mostly native passerines, but I
included a small selection of introduced song
birds and native non-passerines for comparison.
The samples are small but permit a preliminary
overview of the subject. Pennycuick (1985)
noted that collections of wing areas were worth
publishing, provided that explicit details of the
methods of measurement were given.



Loss of flying ability is a distinctive feature of
the New Zealand avifauna (Wilson 2004: 63-66). My
expectation was that some of the native passerinesin
endemic genera that seem to be weak fliers, like the
whitehead (Mohoua albicilla), North Island kokako
(Callaeas wilsoni), and saddleback (Philesturnus
rufusater), would show increased wing loading
compared to strong fliers like the tui (Prosthemadera
novaeseelandiae). This would be consistent with the
idea that for some of the non-migratory land birds
that live exclusively within forest and scrub, a long
evolutionary history in an environment free of
mammalian predators had allowed them to reduce
their energetic investment in strong flight.

METHODS

From the 1980s to the early 2000s I examined land
birds that were received dead by Auckland War
Memorial Museum before they were processed into
museum specimens. While they were fresh, or after
they had defrosted (if received and stored frozen),
and while their wings were flexible, I traced the
outline of one wing onto millimetre-ruled graph
paper using a pencil. I placed the graph paper on
a table, and, with the bird on its back, I extended
one wing over the graph paper making the wing’s
leading edge as straight as possible (Mendelsohn
et al. 1989). This makes the wing fully open, as in
flight, and standardises the wing shape. I measured
only full-sized (usually adult) wings that did not
have moulting flight feathers.

I counted the graph squares within the traced
wing outline to estimate the wing area in mm?, and
divided by 100 to convert the number to cm* Wing
loading (or mass loading) can be expressed as body
mass per unit of wing area (g/cm?), or as wing area
per unit of mass (cm?*/g). [ used the former, following
Clark (1971), Warham (1977), and Mendelsohn et
al. (1989). I calculated wing loading as body mass
(g) divided by twice the area of one wing (cm?).
Some authors include in the wing area an estimate
of the area of the body between the wings (e.g.
Pennycuick 1985), but I followed Warham (1977)
and Mendelsohn et al. (1989) by ignoring the body.

Individual body masses for most of the museum
birds were recorded at examination, but I found
that these were usually below the average masses
given by Heather & Robertson (1996). This was
presumably because birds dried out to some degree
before they were found in the field and brought to
the museum, and/or during subsequent storage in
a deep-freezer (sometimes for many years) before
examination. To avoid the bias that these low
individual masses would introduce in calculating
wing loading, I instead used the average masses
that Heather & Robertson (1996) provided. If
Heather & Robertson (1996) listed separate masses
for males and females, I kept the sexes as separate

Gill 75

samples. If a bird of a sexually dimorphic species
was unsexed I used the average of the mean male
and female masses to calculate wing loading.

In total I traced the outlines of 60 fresh wings
belonging to 15 species. To increase the total
sample to 84 wings of 27 species I also calculated
the areas of 21 dry wings in Auckland Museum’s
spread-wing collection, and three dry wings in
the collection of Museum of New Zealand Te Papa
Tongarewa (Wellington). I chose spread wings that
had been prepared with a straight leading edge. The
sample included three flightless species, i.e. weka
(Gallirallus australis), South Island takahe (Porphyrio
hochstetteri), and kakapo (Strigops habroptila).

RESULTS

General

Measured areas of single wings vary between 18.4
cm? for a grey warbler (Gerygone igata) to 646.9
cm? for a kakapo (Appendix 1). Wing loadings
calculated for each of the 27 species considered
(in taxonomic order), with sexes separated for the
species dimorphic in mass, are summarised in
Table 1.

Representative wing loadings for 24 volant
species of New Zealand land birds vary between
0.12 g/cm? for New Zealand fantail (Rhipidura
fuliginosa) and 0.88 g/cm? for pukeko (Porphyrio
melanotus) (Fig. 1). Small passerines have the
lowest wing loadings, and heavier non-passerines
the highest wing loadings. The long-tailed cuckoo
(Eudynamys taitensis), the only long-distance
migrant in the sample, has an intermediate wing
loading (0.39 g/cm?). Figure 2 (seven non-passerines
and 17 passerines) and Figure 3 (17 passerines only)
plot wing loadings as a function of mass. These
show that heavier New Zealand land birds achieve
greater wing loadings than lighter species. Figure
2 has an inverted j-shaped curve, because wing
loading increases steeply with increasing mass and
then levels out.

Taxonomic

Wing loadings of volant non-passerines vary
between 0.38 g/cm? for the red-crowned parakeet
(Cyanoramphus novaezelandiae) (a strong flier) and
0.39 g/cm? for the long-tailed cuckoo (which relies
on strong flight for its long-distance migration), to
0.88 g/cm? for the pukeko (which flies reluctantly
with rather laboured flight). For passerines, wing
loadings vary from 0.12 g/cm? for the New Zealand
fantail (an acrobatic flier that hawks insects) to
0.62 g/cm? for the North Island kokako (a weak
flier). The non-passerines, mostly being heavier
than the passerines, tend to have higher wing
loadings (Fig. 2).
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Table 1. Summary of wing loadings calculated for 27 species of New Zealand land birds. Sexes (and unsexed birds)
are combined (“all”) in species that are sexually monomorphic in mass. For samples with n = 1, the wing loading is
shown in the range column. The data marked with a superscript “F” (¥) are used to represent the species in Figs 1-3.

Species Sex Mean S.D. n Range
New Zealand pigeon (kerert) Q 0.674" 0.00880 2 0.67-0.68
long-tailed cuckoo all 0.391% 0.0378 3 0.37-0.44
banded rail g - - 1 0.56"
weka g - - 1 1.19
pukeko d - - 1 0.88*
South Island takahe o4 - - 1 2.98
New Zealand dotterel ? - - 1 0.58"
kakapo J - - 1 1.62
kaka ? - - 1 0.59*
red-crowned parakeet Q 0.379* 0.0412 2 0.35-0.41
red-crowned parakeet ? - - 1 0.37
rifleman ? - - 1 0.16"
bellbird J - - 1 0.35
bellbird Q 0.371% 0.0764 3 0.31-0.46
tui J 0.312° 0.0691 2 0.26-0.36
tui ? - - 1 0.24
grey warbler all 0.164" 0.0175 2 0.15-0.18
North Island kokako o4 - - 1 0.62"
North Island saddleback ? 0.528" 0.0523 7 0.45-0.62
North Island saddleback o4 0.532 0.0557 3 0.49-0.59
stitchbird d 0.317" 0.0450 3 0.28-0.36
stitchbird Q 0.272 0.0305 2 0.25-0.29
stitchbird ? - - 1 0.31
whitehead d 0.278" 0.0615 3 0.21-0.33
whitehead Q 0.234 0.0163 3 0.22-0.24
whitehead ? - - 1 0.29
New Zealand fantail all 0.118" 0.0130 5 0.10-0.13
tomtit d 0.197% 0.0222 8 0.17-0.23
North Island robin all 0.334" 0.0427 13 0.26-0.41
welcome swallow all 0.178" 0.0222 4 0.15-0.20
silvereye o4 - - 1 0.28"
Eurasian blackbird* o4 - - 1 0.43*
song thrush* ? - - 1 0.48"
house sparrow* J - - 1 0.35"
European goldfinch* ? - - 1 0.21F
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Figure 1. Wing loadings (g/cm?) of 24 species of volant land birds from New Zealand. Bars show means or single values
(see Table 1). Introduced species are marked with an asterisk (*).
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Figure 2. Wing loading (g/cm?) as a function of mass (g) for 24 New Zealand volant land bird species. Plotted points are
means or single values (see Table 1). Non-passerines are labelled: banded rail (BR), kaka (K), long-tailed cuckoo (LTC),
New Zealand dotterel (NZD), New Zealand pigeon (NZP), pukeko (P), red-crowned parakeet (RCP). Unlabelled points
are for passerines, shown separately in Fig. 3.
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Figure 3. Semi-log plot of wing loading (g/cm?) as a function of mass (g) for 17 New Zealand passerine species (see
Table 1): bellbird (Be), Eurasian blackbird* (EB), European goldfinch* (EG), grey warbler (GW), house sparrow* (HS),
New Zealand fantail (NZF), North Island kokako (NIK), North Island robin (NIR), North Island saddleback (NIS),
rifleman (Ri), silvereye (Si), song thrush* (ST), stitchbird (St), tomtit (To), tui (Tu), welcome swallow (WS), whitehead

(Wh). Introduced species are marked with an asterisk (*).

The highest wing loadings for passerines (>0.4
g/cm?) are held by the heavier species (North Island
kokako, North Island saddleback, song thrush
Turdus philomelos, Eurasian blackbird T. merula;
Fig. 3). The tui seems to have a much lower wing
loading than expected for its mass and the North
Island kokako and saddleback a slightly greater
wing loading than expected (Fig. 3). In general, the
native passerines in the study have wing loadings
that are similar to those of similar-sized introduced
song-birds, e.g. tomtit (Petroica macrocephala) and
European goldfinch (Carduelis carduelis), bellbird
(Anthornis melanura) and house sparrow (Passer
domesticus) (Fig. 3).

Flightlessness

The weka is flightless at a wing loading of 1.19 g/
cm?, the kakapo at 1.62 g/cm? and the South Island
takahe at 2.98 g/cm? (Table 1). The wing area of
the takahe specimen is 503.3 cm? while that of a
pukeko, its close relative, is similar at 594.5 cm?.
However, the takahe is about three times heavier
than the pukeko, giving the flightless bird the
greatly elevated wing loading.

DISCUSSION
Wing loading is difficult to quantify accurately, as it
varies for individual birds with daily and seasonal

changes in their body masses (e.g. fullness of the
stomach, development or regression of the gonads,
state of fatness in connection with migration) and
wing areas (e.g. wear and moult of the remiges;
Warham 1977). Wing area is difficult to measure
(Mendelsohn et al. 1989) and it varies with slight
changesinhow far the wing is spread. Wingloadings
calculated for single birds (as for many species in
Table 1) are indicative rather than definitive, and we
need more measurements of wing areas to provide
more reliable data based on the averages of good
samples. This study is therefore a preliminary foray
into the wing loadings of New Zealand land birds.

The data show that wing loading in New
Zealand land birds increases with body size as is the
case in birds generally (Warham 1977). The lowest
wing loadings in the study are for small passerines
with strong powers of flight (Fig. 1). The New
Zealand fantail (0.12 g/cm?) flies acrobatically, and
the welcome swallow (Hirundo neoxena) (0.18 g/cm?)
extremely rapidly, to catch insects on the wing. The
grey warbler (0.16 g/cm?) is able to hover to glean
insects from the outermost leaves of twigs and
branches. The tomtit (0.20 g/cm?) catches insects by
sallying forth quickly from a perch. Durmus (2022)
confirmed that birds with higher wing loadings
tend to perform unpowered flight styles such as
soaring and gliding, while birds with lower wing
loadings tend to have powered flight styles, such as
flapping and hovering.



Wing loadings compiled by Poole (1938) for
numerous North American birds (and which I re-
calculated in g/cm?) varied between 0.11 for both
the golden-crowned kinglet (Regulus satrapa) and
Leach’s storm petrel (Hydrobates leucorhous), to
1.89 for the long-tailed duck (Clangula hyemalis).
Bird (1999: 249) gave wing loadings for 44 volant
Northern Hemisphere species, mostly land birds.
When re-calculated in g/cm? the wing loadings
varied between extremes of 0.11 for Leach’s storm
petrel and 0.14 for the barn swallow (Hirundo rustica)
to 2.01 for the Canada goose (Branta canadensis). In
procellariiforms, Warham (1977) showed that wing
loading varied between 0.15 g/cm? for the least
storm petrel (Hydrobates microsoma) to 1.75 g/cm? for
the southern royal albatross (Diomedea epomophora).
Wing loadings were 0.21-1.09 g/cm? in 66 species of
African raptors (Mendelsohn et al. 1989). The volant
New Zealand land birds reported here all have
wing loadings within the range known for other
comparable birds.

I predicted that some of the endemic New
Zealand song-birds, being non-migratory, living
within the forest and scrub, and having had a long
evolutionary history withoutmammalian predation,
would show high wing loadings that suggested
they were on the path towards flightlessness. The
weak-flying North Island kokako had the highest
wing loading (0.62 g/cm?) of any passerine in this
study, but it was also the heaviest passerine and the
wing loading was not extremely high.

Similarly, the North Island saddleback “bounds
from branch to branch rather than flies” (Heather
& Robertson 1996) and was ranked by Innes et al.
(2022) as moderately gap limited in terms of its
ability to cross gaps between forest fragments. From
wing loadings it showed a small tendency towards
flightlessness, with a value of about 0.53 g/cm? the
second-highest of the passerines recorded in this
study. However, the saddleback’s wing loading is
only slightly higher than for the song thrush and
Eurasian blackbird (Fig. 3) which are birds of a
similar size.

When studying whiteheads on Little Barrier
Island (Gill & McLean 1992) I noticed that they fly
quite weakly, often losing height if they are forced
to fly more than a few tens of metres across open
ground between trees. Innes et al. (2022) ranked the
whitehead as strongly gap limited. Yet there is no
exaggeration of the whitehead’s wing loading, with
a value similar to that of the strong-flying silvereye
(Fig. 3). The tui, with a wing loading of about 0.31 g/
cm?, has a much lower wing loading that expected
for its mass. This is consistent with it being a strong
flier, that makes long and fast trips between food
sources and often flies high above the forest canopy.

In the New Zealand flying species studied, the
wing loadings of up to 0.88 g/cm? (pukeko) gave
no strong indication that any of these species have
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seriously constrained flying ability. Meanwhile, the
weka, kakapo and South Island takahe are flightless
at wing loadings of 1.19-2.98 g/cm? (Table 1).
However, the highest wing loadings for Northern
Hemisphere flying birds listed by Bird (1999: 249)
are 1.56 g/cm? for great bustard (Otis tarda), 1.70 for
mute swan (Cygnus olor), 1.76 for whooper swan
(C. cygnus), 1.79 for great northern diver (Gavia
immer) and 2.01 for Canada goose. Meunier (1951)
gave a wing loading of 2.5 g/cm? as a threoretical
maximum that still permits flight.

The kakapo is the world’s most massive
parrot with the smallest relative wing size of any
parrot (Livezey 1992). In the absence of wing area
measurements for the kakapo, Livezey (1992) made
estimates based on a regression line for other parrots
and predicted wing loadings of 1.89 g/cm? for male
kakapo and 1.17 g/cm? for females. The current study
now provides the first measured wing loading for a
male kakapo (1.62 g/cm?) and it is close to Livezey’s
estimate. Livezey (2003) estimated the takahe’s
wing loading with the suggestion that it would
exceed Meunier’s “threshold of flightlessness”. This
is now confirmed by my measured wing loading of
2.98 g/cm? in that species.

The takahe is a flightless bird that has passed
Meunier’s threshold, but the weka and kakapo are
flightless well below it. Wing loading is clearly not
the only determinant of flightlessness and flightless
birds can retain large wings for purposes other
than flight, such as display. Rails are a family in
which reduction of pectoral musculature is critical
to flightlessness (Livezey 2003). Similarly, Livezey
(1992) showed that the kakapo’s pectoral skeleton
had reduced (with regard to adaptations for flight,
like size of the sternal keel) compared with that of
the kea (Nestor notabilis).

New Zealand birds show extremes of high and
low dispersal ability. In line with this, Sheard et al.
(2020) found that New Zealand was one of several
regions of the world in which birds had highly
variable hand-wing indices, an expression of the
wing’s aspect ratio that correlates with dispersal
ability. The large range of wing loadings for New
Zealand land birds — between 0.12 for the New
Zealand fantail and 2.98 for the South Island takahe
— also reflects the great variation in dispersal ability
of New Zealand birds.

Since Word War II, New Zealand museums
have relied on the salvage of dead birds to augment
their collections and this paper shows the value of
the biological information that can be gleaned from
salvaged birds.

ACKNOWLEDGEMENTS

I thank the many members of the public, university
personnel and professional field workers who
found dead birds and took the trouble to collect



80 Wing loadings of NZ birds

them, label them and deliver them to Auckland
Museum. I thank Tim Lovegrove for tracing one
of the saddleback wings on my behalf, and Colin
Miskelly for tracing three wings (weka, kakapo,
kokako) in the collection of Museum of New
Zealand Te Papa Tongarewa. For suggestions to
revise and improve the paper I am grateful to Craig
Symes and an anonymous referee.

LITERATURE CITED

Bird, D.M. 1999. The bird almanac. The ultimate guide
to essential facts and figures of the world’s birds.
Buffalo, NY, Firefly Books.

Clark, R.J. 1971. Wing-loading—a
consistency in usage. Auk 88: 927-928.

Durmus, S. 2022. Investigation of wing forms
through mass and wing area chart. Turkish
Journal of Nature and Science 11(2): 107-112.

Gill, B.J; McLean, IG. 1992. Population
dynamics of the New Zealand whitehead
(Pachycephalidae)—a  communal breeder.
Condor 94: 628-635.

Heather, B.D.; Robertson, H.A. 1996. The field quide
to the birds of New Zealand. Auckland, Viking.
Innes, J.; Miskelly, CM. Armstrong, D.P.;
Fitzgerald, N.; Parker, K.A,; Stone, Z.L. 2022.
Movements and habitat connectivity of New
Zealand forest birds: a review of available data.

New Zealand Journal of Ecology 46(3481): 1-21.

Livezey, B.C. 1992. Morphological corollaries and

ecological implications of flightlessness in the

plea for

kakapo (Psittaciformes: Strigops habroptilus).
Journal of Morphology 213: 105-145.

Livezey, B.C. 2003. Evolution of flightlessness
in rails (Gruiformes: Rallidae): Phylogenetic,
ecomorphological and ontogenetic perspectives.
Ornithological Monographs 53: 1-654.

Mendelsohn, ].M.; Kemp, A.C.; Biggs, H.C.; Biggs,
R.; Brown, C.J. 1989. Wing areas, wing loadings
and wing spans of 66 species of African raptors.
Ostrich 60: 35-42.

Meunier, K. 1951. Korrelation und Umkonstruktion
in den  Grossenbeziehungen  zwischen
Vogelfliigel und Vogelkorper. Biologia Generalis
19: 403-443.

Pennycuick, C.J. 1985. Flight. Pp. 218-223. In:
Campbell, B.; Lack, E. (eds) A dictionary of birds.
Calton, Staffordshire, T. & A.D. Poyser.

Poole, E. 1938. Weights and wing areas in North
American birds. Auk 55: 511-517.

Sheard, C.; Neate-Clegg, M.H.C.; Alioravainen,
N.; Jones, S.EIL; Vincent, C; Bregman, T.P;
Claramunt, S.; Tobias, J.A. 2020. Ecological
drivers of global gradients in avian dispersal
inferred from wing morphology. Nature
Communications 11(2463).

Warham, J. 1977. Wing loadings, wing shapes, and
flight capabilities of Procellariiformes. New
Zealand Journal of Zoology 4: 73-83.

Wilson, K.-J. 2004. Flight of the huia. Ecology and
conservation of New Zealand’s frogs, reptiles,
birds and mammals. Christchurch, Canterbury
University Press.



81

Gill

“(ureysaoun -ou “3a1) H'¢8 (£ ‘0198d1) 028 (L ‘T2£014D) 0°8Z “(ure3reoun -ou “3ox)

812 "(£L07-86 "xeL) 8¢/ (€20119D) 814 "(S¥864D) 8'69 (£ “990-76 XeL) ¢'£9 (£€801d'D) £'99 (1241141 809 Aappsnyni snuingsajiyd yoeqa[ppes puels] YoN
(£ 40££0€90 ZNIAN) £'981 11010 Spav]jpY) OMex0y PUe[S] YHION
AvaEav1IvD
(26207191 1T (1680141) ¥°81 vp8) 2u08/4a0) 19]qIeM K21
AVAIZIHLNYOV
(0 “x602e19dD) €87 (,802€TdD) 6'STT (L “+86£941) ¥°991 IVIPUD|2ISIVA0U DAIPVILIYISOL TI],
(0 '891647) T6F (& ‘6764 9°TF (8 ‘685£d1) 8'4€ (6 ‘654 T) $8C vANU|aUL SILIOYIUY PIIQI[G
AVAIDVHAITIN
(+€£914D) €0T SLIO]YD VHISTYUPIY TEWS[JTY
HVALLLISIHINVDOV
"(200-00 XBL) 1'T0T (& “«£92£47) 1001 "(5 ‘886€41) 8'G8  avipuv|azavaou snyduwiounhd) 39axered poumorn-pay
4vAIr1NdOV.LLISd
(T€0-86 "XBL) 9°T8¢ StpUOIpLIaUL 103SIN Y]
(£ /4845290 ZNIAN) 6'9%9 vjydoquy sdoSiiys odexeyy
AVAIdODNILS
($99¢d1) TSTL S1198q0 SNLLPYAYYD) [PISHOP PURTESZ MIN
AVAIRNAVIVHD
(£ '086891) £°€0S L103}2}s1201 "] dYese} puers] ynog
(2 ,e81d1) SF68 snjouvjaus otAydiog OXAN
(£ ,8TH20 ZNIAN) 881 SHUASNY SHIDAIDD) eI
(£ 48642471 9281 stsuaddijuyd snjjpaijjp9 [rex pspueg
AVAITIvy
(& Pe ,186841) 1041 "(2 Pe “,020719T) 7891 "(wwi ‘6081 1dT) £ €F1 sisua3wy shuwufipng ooxpno payre;-3uo]
avarinond
(& “0£0-20 "XBL) 9°98F *(8 ‘820-T0 "XeL) L LLY anipuvjaasavaou v8vydiusp uoadid pueresz maN
AVAIINNTOD
(;urd) eare SuIp sapadg

"paINSEaW UM Usa1j d1oMm s3UIm Y10 [re ()
SLID)SE Ue Y)IM pasjrews axe sSurm-peards pari ‘samadsqns puels] yiIoN oY) woiy a1e (eom 1daoxa) spiiq [[e ‘Saradsqns axe aI1al]) J] “UMOUY dI9M USAIS SI XaG *Apoq
judde(pe ay SurpnPxe “GUIMm PIPUIIXS U0 JO JIE SLALY "W} 0} PAUISSe SIaquINu (AULIDPIXe) 10) UOHRISISII WNISNJA] PURONY dARY SIOYIO [[e {(ZNJAN) UODI[[0d
ede a1 ayy ur axom suawads Surm sary] ‘saads ay Jo seuwreu une] ayy Surmoys ‘Apnis siyy ur pajiodar spiiq pue] puefeaz maN Jo (;uw) seare Suipy ‘T xipuaddy



Wing loadings of NZ birds

82

(995141 19¢

(£ 7496191 €°TF

(+SPSTAD 9°€L
(£ 4095191 §°G01

(o FPS1dD 6°CC

(z6ced1) 6'9% (96€TT1D) 9°0F “(L61-46 XeL) £'9¢ "(L . 118Sd'D) T°GE

(018114D £'99 (999141 809 (61691 T'8S (6£0219dD) 645 "(064114D) £9S (999¢dD T9S (8¢4214D
¥2s "(6£0219D) €05 (2944971 6'8F (€626 ¥'8p (wwr ‘Ge011dT) T'/F (692491 1T'9% (121491 €Th

(2 F98219D) 9°1€ (2 ‘€¥8£9D) T0€
(26802191 1°0€ "(2 ‘ToT6d D) 6'6T (£ ‘289214T) £'6T (2 FH8£4T) 9°92 (2 ‘008119D) F¥¢ (£ ‘1£9¢d1) 9°€C

sijanp.va sijanpiv)) youypoS ueadoing
AVAITIIONIA

snoysauiop 4assvg moireds asnop]
AVARIASSVd

sojausopyd *1 ysnayy Suog

pjnaduL SNpAn] PIIQyOe[q UeIseIny
Avaiaant

S1p423v] $d0.423507 dK3I19ATIG
AVAIdOYILSOZ

VUIX0IU OPUNIIE] MOT[EMS SUIOI[IAA

AVAINIANNIIH
sad18u0] *J UIqOI pue[S[ YION

v]vYydadosovuL 110432 WO,

AVAIDIOYLAd

"(9£0-86 "xeL) €'6€ "(€90-T6 XeL) £'£€ (2 TeH8dT) 6°T€ (£ L85STAD) £'T€ (£18T14D) €0€ vsourS1ynf vanpidupy [rejuey pueesz MON
AVARINAIIHY

(£ 965¢d1) £'€F

(& “z6sedT) Leg (2 '8e801dT) 8°T€ (8 “F6LOTAT) 8°6C (& “+S4S1AD) 8'6C (978641 08T (2 ‘66£1d1) 84T v]1191q][v VROYOIN PeaYRTYM
HVAINOHOW

(2'87£0197) 129 (& “286219T) 6'65 (2 4980441 9°6G "(£5£01dD) €'€S "(6 ‘819€4T) 116 (£ “+£80441) £°0S v3ou1d S13SAUOLION PAIQUINSG
IVALLSAWNOILON
(;ur) eare Suip saadg

panuyuod - xipuaddy



