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THE VARIETY AND NUTRITIONAL VALUE OF FOODS
CONSUMED BY HAWAIIAN CROW NESTLINGS,
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Abstract. Research was conducted to determine the food habits of Hawaiian Crow (Cor-
vus hawaiiensis) nestlings, variety of food items ingested relative to their age, and the
nutritional composition of ingested fruits. Knowledge of the fruits nutritive value and the
nestlings diet allowed us to determine what plants best meet nutritional needs of adult and
nestling crows for restocking purposes. Our evaluation of fecal droppings suggested that
nestlings were fed a variety of items similar to those ingested by adults. The types and
proportions of food materials found in droppings changed with age. Crow nestlings' con-
sumption of olapa (Cheirodendron trigynum) and oha-kepau (Clermontia spp.) fruits, pas-
serine nestlings, and a variety of arthropods made up the highest percentage of food items
found in droppings. Food items eaten by Hawaiian Crow nestlings generally had a high
water content but varied greatly in nutrient density. Crude protein ranged from 1.81% in
the hoawa (Pittosporum hosmeri) seed shell to 16.32% in the aiea (Nothocestrum ongifolium)
fruit. Fat content, gross energy content, fiber fractions, total digestible nutrients, digestible
energy, metabolizable energy, and minera levels varied greatly among fruit types. In general,

the higher the fat content, the higher the energy density, and the lower the fiber fraction.
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INTRODUCTION

Little isknown of the diet of nestling Hawaiian
Crows (Corvus hawaiiensis) and nothing is known
of the nutritiond properties of ther foods. The
few reports of nestlings diet have been based on
qualitative sightings of adult crows feeding their
voung a nest sites (Perkins 1903, Banko 1974,
Giffin 1978). Recent studies (Giffin 1983, Sakai
et a. 1986) have shown tha fruits conditute
33%-46% of the adult’ s diet. Fruits are collected
primarily from smadl trees or shrubs of the under-
story and mid-canopy (Seka et a. 1986) which
are often destroyed by agricultura or residentia
developments.

A detailed documentation of the types of foods
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egten by Hawaian Crow nedlings, dong with
some knowledge of their nutritionad properties,
will gregtly enhance both exiging information
and our understanding of their food and habitat
requirements. These factors are considered crit-
icd for maintaning the species survivd. The
objective of this study was to provide a detailed
account of food items esten by Hawaian Crow
nestlings by paying paticular atention to: (1)
variety of foods ingested relative to age; and (2)
relation of food avalability to frequency of con-
sumption, and nutritional  composition.

METHODS AND STUDY AREA

Researchers studying nestling food habits of oth-
er corvids have analyzed stomach contents (Y om-
Tov 1975) or food extracted from throats of nest-
lings fitted with neck collars (Owen 1956, Lockie
1959, Coleman 1971). Neither of these methods
was used in this sudy because of the precarious
locations and heights of nests (Seka and Raph
1980) and to minimize nest disturbances (Owen
1956). Fecal droppings were collected from nest
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sites at Honaunau Forest Reserve and Mc-
Candless Ranch in South Kona Didrict, idand
of Hawadi. The foraging ecology of the adult
Hawaiian Crow, a description of study stes, and
methods used to measure seesond fruiting and
flowering has been previoudy published (Seka
et a. 1986).

Hawaian Crows gart nest building in ealy
April, lay eggs in midto-lae April and hatch
young in early to mid-May. Usudly fledging oc-
curred in the later part of June to mid-duly, but
in successful renesting attempts fledging occurred
in late July (D. Jenkins, pers. comm.).

We gtudied five nests in 1979 and two in 1980.
Fecal droppings were collected from and below
each nest ste at least 2 days per week from day
14 of the 40-day nestling cycle. These seven nests
represented haf of al known Hawaian Crow
breeding pairs. Sixty-six fecd droppings repre-
senting each of three sampling periods (2-to
3-week-old [May 22-May 31], 3- to 4-week-old
[Junel-June 20], and 4- to 6-week-old [June 21-
July 15] nestlings) were analyzed using methods
outlined by Raph et d. (1985). Because fruit
seeds passed through the crows digestive tracts
intact, we fed tha fecd droppings provided a
reliable means of assessng plant use

Fruit samples were collected near foraging and
nesing stes. Daes of fruit sampling were de-
termined by avallability of fruits and flowers. We
kept samples on ice and transported them to the
laboratory to be frozen for storage. Upon thaw-
ing, we dried samples in a convection oven at
50°-55°C for 5 to 7 days to obtain drv matter
content. We then ground these samples-through
a |I-mm mesh danless ged screen in a Wiley
mill, and andyzed for crude proten (CP) and
crude fat or ether extract (EE) following methods
outlined by the Associgtion of Officid Andytica
Chemists (1975). We obtained gross energy (GE)
vaues by complete combugtion in a Par adi-
abatic caorimeter. We used procedures of Goe-
ring and van Soext (1970) to andyze for fiber
components, acid detergent fiber (ADF), cdlu-
lose, and permanganate lignin (PL). We usad the
ADF vaues to cdculate totd digestible nutrient
(TDN) levd of the various fruits usng the Cor-
ndl formula for mixed concentrates (%TDN =
81.41 - [(ADF/100) x 481). The TDN value
was then used to caculate digestible energy (DE
[ked/kg] = %TDN x 0.04409) which in turn was
used to cdculate metabolizeble energy (ME). The
formula we used was ME (kca/kg) = DE(96 -
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TABLE 1. Frequency of occurrence! (%) of food items
in fecad droppings of 2-week-old and older Hawaiian
Crow nestlings in Honaunau Forest Reserve and
McCandless Ranch in the South Kona District, Idand
of Hawaii.

Age of nestlings (weeks)

Species 2-3 34 46
Fruit
Akda (Rubus hawaiiensis) 14 26 29
Aiea (Nothocestrumlongifoliun) 0 3 51
Hoawa (Pittosporum hosmeri) 0 0 10
leie  (Freycinetia arborea) 33 40 O
Kanawao (Broussaisia arguta) 0 1 0
Mamaki  (Pipturus spp.) 6 36 5
Manono  (Gouldia terminalis) 3 8 7
Oha kepau (Clermontia  spp.) 30 94 100
Ohelo ( Vaccinium  spp.) 3 9 O
Olapa (Cheirodendron trigynum) 62 84 100
Passerine bird part and egg 52 91 83
Mammal
House mouse (Mus musculus) 0 1 10
Seed
Koa (Acacia koa) 2 0 5
Invertebrate
Arachnida 5 75 22
Isopoda 32 51 78
Diplopoda 0 3 10
Gastropoda 2 4 2
Psyllidae 1 16 2
Delphacidae 2 0 2
L epidoptera 48 58 39
Nabidae 3B 52 12
Coleoptera 23 51 37
Diptera 8 32 32
Hymenoptera 23 26 20
Homoptera 2 6 0
Neuroptera 14 17 0
Hemiptera 6 5 2
Unknown insect 12 3 15

Determined as total number of samples in which the diet item oc-
cur-red divided by total droppings sampled.

[0202 x %CP]/100).
X-ray quantometer.

RESULTS
VARIETY OF NESTLINGS® FOOD

Types of food items found in droppings suggest
that neslings were fed a variety of food items
(Table 1) and were omnivores like adults (Sakai
et d. 1986). Older aged nestlings ingested a higher
proportion of passerine nedtlings, the maority
of invertebrates, eggs, and house mice, al higher
in protein content than fruit. Although we col-
lected no fecal droppings until day 14 we believe

Minerds were analyzed by



TABLE 2. Nutritional properties of various fruits eaten by adult and nestling Hawaiian Crows or available for consumption in forest habitats in South Kona,

Hawaii.
Species Month % dry Gross CRETgy % dry matter — )

Plant part sampled matter % water kcal/lg DM~ Crude protein  Ether extract ADF Cellulose Lignin TDN DE ME Protein/ME
Aiea (Nothocestrum longifolium)

Fruit Jun 16.53 83.47 4.62 1449 5.54 32.52 20.94 1202 65.80 2.95 281 5.16

Fruit Jul 16.86 83.14 457 1632 6.39 28.37 1714 11.39 67.79 3.04 2.89 5.65
Akda (Rubus hawaiiensis)

Fruit Apr 11.45 88.55 4.73 6.63 275 46.65 3451 1162 59.02 2.65 2.53 2.62

Fruit . Mar 16.54 83.46 4.79 8.06 2.75 46.65 3451 11.62 59.02 2.65 253 3.19

Fruit Jun 10.17 89.83 458 7.39 4.32 3191 22.96 9.36 66.09 297 2.83 261
Alani (Pelea spp.)

Green seeds Mar 15.39 84.61 - 7.25 - - - - - - -

Brown seeds Jun 33.82 66.18 4.44 8.34 2.07 72.87 67.34 5.60 46.43 2.08 198 4.20
Banana poka (Passiflora mollissima)

Fruit Jul 16.06 83.94 - 6.76 - 40.76 34.09 6.87 61.84 277 2.62 2.58
Ha wala (Cyrtandra spp.)

Fruit Jul 5.95 94.05 4.27 8.08 - - - - - - -
Hoawa (Pittosporum  hosmeri)

Green seeds Apr 35.85 64.15 531 10.30 7.95 40.26 1660 23.38 62.09 2.79 2.66 3.88

Green seeds Jun 41.47 58.53 5.34 9.55 871 33.87 1669 1719 65.15 2.87 2.70 3.54

Brown seeds Apr 43.65 56.35 5.34 1131 1098 41.26 1915 2191 6161 2.77 2.63 4.30

Brown seeds Jun 47.08 52.92 5.42 1147 1307 44.02 23.13 20.59 60.28 271 2.58 4.45

Shell Mar 2471 55.29 4.50 181 137 54.93 38.02 16.77 55.04 2.47 2.37 0.76
Hoi kuahiwi (Smilax $pp.

Fruit Jul 26.27 73.73 4.65 7.42 861 27.52 1987 761 68.20 3.06 2.92 254
lee (Freycinetia arbora)

Fruit May 1907 80.93 6.47 - 26.28 1651 9.39 68.79 3.03 2.87 2.25
Kanawao (Rroussaisia arguta)

Fruit Mar 1731 82.69 4.09 5.22 0.88* 43.98* 16.53* 27.16* 60.30 271 2.59 2.02

Fruit Apr 1684 83.16 4.33 5.17 0.58* 43.98* 16.53* 27.16* 60.30 271 257 2.01
Kawau (Ilex anomala)

Fruit Mar 21.37 78.63 4.59 3.50 382+ 43.27* 26.21* 16.98¢ 60.64 2.72 261 134

Fruit Jun 1840 81.60 4.60 2.62 3.82* 43.27* 26.21* 16.98* 60.64 2.72 261 1.00




TABLE 2. Continued.

Species Month % dy Gross encay . % dry matter . .

Plant part sampled matter % water kcal/g DM~ Crude protein Ether extract ADF Cellulose Lignin TDN DE ME Protein/ME
Kolea (Myrsine lessertiana)

Fruit, green Jun 16.43 8357 4.78* 705 1580 3429 1600 1837 64.95 29 279 253

Fruit, ripe Apr 38.07 6193 4.78* 454 895 - - - - - -

Flower Mar 24.39 7561 592 853 - - - - - -
Kopi ko (Psychotria spp.)

Fruit Jul 24.45 7555 1075 40.92 2713 1440 61.77 277 264 407
Mamaki (Pipturus spp.)

Fruit May 7.23 92.77 3% 763 134+ 39.54* 19.81* 1313 62.43 2.80 268 285

Fruit Jun 8.54 91.46 361 878 134+ 39.54* 1981* 1313* 62.43 280 267 328
Manono (Gouldia terminalis)

Fruit Mar 18.46 81.54 4.40 550 2.03* 3962* 25.40* 1398* 62.39 280 268 205

Fruit Apr 16.42 8358 4.30 5.66 2.03* 39.62* 25.40* 1398* 62.39 280 268 211

Fruit Jul 15.27 84.73 4.09 341 253 3181 20.60 usa 66.14 297 23 120
Maoi oi (Stenogyne spp.)

Fruit May 27.38 7262 4.85 714 347 55.26 40.76 1398 54.89 246 235 34
Nao (Myoporum sandwicensis)

Fruit Jun 30.98 69.02 - 217 48.48 047 918 5814 261 250 087
Oha (Cyanea spp.)

Fruit Jun 17.29 &7 6.25 2156 1817 847 6818 301 285 2.19
Ohakepau (Clermontia  spp.)

Fruit Mar 12.75 83.92 4.34 844 159 3003 2398 6.64 67.00 2% 278 304

Fruit Jul 9.98 90.02 4.22 861 447 30.03* 2398* 6.64* 67.00 301 287 300
Ohe (Tetraplasandra meiandra)

Fruit Mar 22.03 7797 4.14 725 320 31.50 1554 66.29 298 2.84 255 284
Ohelo (Vaccinium  spp.)

Fruit Apr 14.06 85.94 4.79 6.78 326 5315 41.03 1203 55.90 251 23 285
Ohia (Metrosideros collina)

Lesf bud Apr 3085 69.15 4.26 859 124 40.40 3478 585 6201 278 266 323




TABLE 2. Continued.

Species Month % dry Gross energy ] % dry matter _

Plant part sampled matter % water keallg DM Crude protein Ether extrac ADF Cellulose Lignin TDN DE ME Protein/ME
Olapa (Cheirodendron trigynum)

Fruit Apr 29.32 70.68 5.22 6.87 13.80 37.80 28.54 9.17 63.27 2.84 271 2.53

Fruit Jun 28.67 71.33 5.26 6.10 14.01 39.34 3001 9.07 62.53 2.76 2.62 2.33

Fruit J 31.17 68.83 5.23 6.52 13.80 33.50 26.16 7.63 65.33 2.93 2.80 2.33
Olomea (Perrottetia sandwicensis)

Fruit Jun 10.87 89.13 - 4.82 - 27.19 229 1 4.49 68.36 3.07 2.94 1.64
Painui (Astelia menziesiana)

Bulb Jun 11.48 88.52 4.02 6.81 1.45 40.56 26.45 13.19 6194 2.78 2.66 2.56

Fruit Jul 12.19 87.81 - 6.48 - - - - - - - -
Pi10 (Coprosma spp.)

Fruit Mar 30.15 69.85 4.70 4.62 251 48.27 33.23 14.89 58.24 2.61 2.50 185
Plum (Prunus spp.)

Fruit J 12.43 87.57 4.48 2.80 0.75 17.27 13.48 3.67 73.12 3.28 315 0.89
Po ha (Physalis ‘peruvia na)

Fruit Sept 21.14 78.86 - 10.66 - 17.90 12.23 5.94 72.82 3.27 3.12 3.42
Pukiawe (Styhelia spp.)

Fruit Mar 31.25 68.75 4.80 195 3.4* - - - - - - -

Fruit Apr 24.10 75.90 4,75 2.37 3.4* 46.14 35.46 10.98 59.26 2.66 2.55 0.93
Sout hern pokeberry  (Phyvtolacca octandra)

Fruit Mar 24.60 75.40 515 11.00 5.47 43.08 29.55 13.59 60.73 2.73 2.60 4.24

Fruit Jul 21.12 78.88 4.94 12.02 5.00 - - - - - - -
Thimbleberry (Rubus rosaefolius)

Fruit Mar 16.36 83.64 4.62 7.96 4.96* 49.52* 35.77* 14.41* 57.64 2.59 247 3.22

Fruit Jun 13.10 86.90 4.99 6.86 4.96* 49.52* 35.77* 14.41* 57.64 2.59 247 2.78

* Ether extract and/or fiber analyses were done on composite samples within each plant species



I-weck-old and vounger nestiings were fed avar-
ied diet Smilar to oider nestlings. Hawaiian Crows
increased their feeding activity on woody sub-
srates and on flowers following the first week of
hatching as reported by, Sekai et a. (1986, p.
2 15). On 43 different occasons, adults were ob-
served flying directly 1o feed their l-week-old
young after feeding on ohia (scientific names are
found in Table 2) flowers, and on 29 different
occasions after probing on woody substrates,
possibly foraging for invertebrates.

FOOD AVAILABILITY AND CONSUMPTION

Occurrence of food items in the droppings of
nestlings (Table 1) shows little relaion to avail-
ability (Sakal et al. 1986. p. 215). For example,
fruits like ieie and mamaki were not abundant
during May and June (Sekai et a. 1986), vet
nestlings were fed these fruits in greater frequen-
cy than more commonly avalable fruits. Aiea
was an uncommon plant. but seeds were com-
mon in fecd droppings during July. However,
passerine nestling remains (festhers and bones)
and seeds of ohakepau and olgpa fruits were
common in droppings in June and July (week 3-
6). suggesting that these food items were used
because of their abundance during these periods
or their nutritiona properties.

NUTRITIONAL PROPERTIES

Food items esten by Hawaian Crow nestlings
generdly had a high water content and varied
greetly in nutrient dendity (see Tables 2, 3). The
percentage of dry matter ranged from 5.95% in
hai waa to 47.08% in hoawva with mogt fruits
being between 10% and 20% drv matter. Like
fruits and grains consumed bv, humans, wild fruits
were low in protein. Crude protein content ranged
from 1.8 1% in the hoawa seed shell to 16.32%
in the aea fruit. Mog fruits contained less than
12-18% protein, which is needed bv, most do-
mestic replacement pullets and laying hens (Na-
tional Research Council 1984). Therefore. we be-
lieve that insects bird nedtlings and fiedld mice
may have been consumed to meet protein needs.
The hoawa seed shell was low in protein, but the
green and ripe seeds were higher in protein than
most of the other fruits The aea and hoawa,
both high in protein, were consumed in grester
quartities when the Hawaian Crow nedtlings
were 4-6 weeks of age. Ether extract (or fat con-
tent), gross energy content. fiber fractions cd-
culated energy dendties (total digestible nu-
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wrients, digestible energy, and metabolizable
energy), ad minerd levds dso varied gredly
among fruit types In generd. the higher the fa
content the higher the energy density and the
lower the fiber fractions (Table 2). All of the
protein : metabolizable energy ratios (0.87 1o
5.65) were lower than levels which are typicd of
most commercidly prepared diets for poultry
(6.25-750). The mgoritv of sampled fruits con-
tained more fiber fractions than typica poultry
rations (20%-40% ADF in the fruits compared
to 5%-9% in barley or corn grain). The ME leves
were also lower than 2.9 kcal/kg dry matter which
is needed by most domestic poultry throughout
their life cycle (National Research Council 1984).
These nutrient quaities could explain the greater
use of olapa and oha-kepau fruits by adults (Sakai
et a. 1986, p. 215) and by nestlings during sum-
mer breeding periods (Table 1). Minerd profiles
for these ingested fruits showed that the minerd
concentrations, except for cacium and phos
phorus, were in line with needs of most domestic
poultry (Nationd Research Council 1984). Mogt
fruits contained less minerds than needed by
crows. There was extreme vaidion in the cd-
cium-phosphorus ratio which generdly, with ex-
ception of the laying bird, should run between
15 and 2.0 (Nationad Research Council 1984).
Plant parts (ohia lesf bud, kolea flower, and pain-
ui bulb) eaten by adult Hawaian Crows (Sakai
et a. 1986, p. 213), and possibly fed to nestlings,
were analyzed for crude protein and water con-
tent (Table 2) and in one case percentage of fat,
however, results were inconcusve in explaining
their use. We suspect that insects associated with
ohia leaf buds and kolea flowers were probably
the contributing factor in the crow's consump-
tion of these plant parts.

DISCUSSION

Amount of protein food consumed by Hawaiian
Crow nedllings generdly increased as the birds
matured, and this was contrary to Locki€'s (1959)
findings for Rooks (Corvus frugilegus) in En
gland. This difference in the diet of Hawaiian
Crow nestlings and congener species abroad sug-
gests to us that both species are generdidts, for-
aging on avalable food types. Climatic factors
were shown to dter the feeding habits of young
Rooks in England (Lockie 1959). However, Ha
waii’s semitropical climate provides an ided St-
uation for the production of native fruits
throughout much of the year. Although phenol-
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TABLE 3.

forest habitats in South Kona. Hawaii

Mineral properues of fruts caten by adult

HOWARD F. SAKAL anp JAMES R. CARPENTER

nd nesthing Hawanan Crows or simpiy avatiabie in

% ppm CaP
Species Plant part Monih sampled Ca P Mg K Na Mn Fe Cu  Zn ratio
Aiea Fruit Jun 028 022 023 182 024 14 46 12 21 127
Fruit Jul 021 022 021 229 026 11 53 11 19 095
Akaa Fruit Jun 020 016 020 100 010 55 35 11 23 125
Aiani Fruit, brown  Jun 019 019 013 170 011 45 143 7 22 100
Banana poka  Fruit Jul 060 009 010 200 070 12 150 39 20 6.67
Hoakuahiu-a  Fruit Jul 060 014 020 150 040 75 65 17 19 429
Hoawa Fruit, green  Apr 040 036 030 120 010 45 105 14 34 111
Fruit, green  Jun 030 034 030 090 030 22 120 18 34 088
Fruit. brown  Jun 040 034 030 050 020 30 65 18 36 118
Fruit/shell Mar 030 003 010 060 070 20 65 99 26 10.00
leie Fruit May 110 012 030 120 060 20 125 30 26 917
Kanawao Fruit Apr 090 015 020 070 040 50 45 12 12 6.00
Kawau Fruit Mar/Jun 050 008 020 060 110 55 60 9 22 625
Koa Flower Mar 030 02! 020 110 009 40 45 36 38 143
Kolea Fruit, green  Jun 030 015 010 110 070 13 195 7 16 200
Kopiko Fruit Jul 066 015 022 182 022 41 66 8 18 440
Mamaki Fruit May 351 022 047 145 007 64 56 17 36 1595
Mamane Flower May 040 027 020 150 006 25 130 26 40 148
Manono Fruit Jul 180 012 050 120 050 325 160 88 26 15.00
Maoi oi Fruit May 014 013 011 150 011 15 138 14 13 1.08
Naio Fruit Jun 030 012 007 096 030 9 10 6 17 250
Oha-kepau Embryo Mar 042 026 026 158 027 66 75 13 27 162
Fruit, shell  Mar 054 014 023 332 025 47 69 11 32 386
Ohdo Fruit Apr 024 012 008 088 003 8 279 10 14 200
Ohia Leaf bud Apr 020 018 010 080 020 25 225 16 20 111
Olapa Fruit Apr 080 013 020 180 006 105 55 10 28 6.15
Fruit Jun 100 016 020 200 010 120 95 12 30 625
Olomea Fruit Jun 070 014 020 120 0.20 8 0 10 21 500
Painui Bulb Jun 080 015 020 240 040 110 105 11 32 533
Pi10 Fruit Mar 049 010 013 125 008 71 44 11 22 490
Plum Fruit, ripe  Jul 010 011 005 100 007 66 35 66 10 001
Poha Fruit, ripe Sept 008 044 020 180 008 12 65 16 55 0.8
Pukiawe Fruit, ripe  Apr 020 003 003 020 006 8 105 4 6 667
Southern
pokeberry Fruit Mar 014 023 019 244 022 313 53 99 23 061
Thimbleberry  Fruit Mar 020 018 021 151 009 16 76 99 26 111

ogy data are lacking from, August through De-
cember (Sakai 1986, p. 215). we believe that cer-
tain fruits like ide, pilo, naio. hoawa. and kawau
will be available during portions of these periods.
Therefore, if these fruiting plants are available
in aufficient dendties during these periods, food
avallability may not be a factor in the populaion
decline. Since adults and nedtlings are food gen-
edids, they should encounter no difficulty in

switching to other food sources. Hawaiian Crow
nestlings were fed available food resources as
demonstrated by the common occurrence of bird
remnants in ther droppings. In this case, the
breeding season of Hawaiian Crows is synchro-
nous with that of other passerine species
1981) that nest in the study area.

Types of foods eaten by Hawaiian Crow nest-
lings were smilar to congeneric crow nestlings.



Mammas, birds, unidentified meat, arthropods
(Hymenoptera, Diptera, Coleoptera, Lepidop-
tera, Tipulidee, Arachnida, and Hemiptera), wild
fruits, bird eggs, gastropods, and seeds were aso
reported by Yom-Tov (1975), Coleman (1971),
Lockie (1959), and Holyoak (1968). This wide
aray of avaldble foods suggests that adult
Hawaiian Crows are no different than congeneric
species in providing nourishment for their young.
Present status of the population looks dismd:
only one known breeding par remains in the wild
and five breeding pairs live in captivity (J. M.
Scott, pers. comm.). If this species is to escape
extinction, its fate lies with the ongoing captive
propagation program. However, before captive
reared crows can be reintroduced to their “na-
ura" habitat, measures directed a dleviating
known limiting factors, as discussed by Giffin et
d. (1987) must be addressed. They bdieve that
preserves are vitd for the success of the captive
propagation program, and they discuss the con-
cept of establishing preserves as a means of sav-
ing remaining suitable habitat. We agree with
Giffin & d. (1987, p. 493) concerning the im-
portance of restoring naive food plants in es-
tablished preserves. We bdieve, however, that
when preserves are being planned, emphasis
should be placed on planting or maintaining fruit-
producing trees that provide optimum nutritive
properties for crows throughout the year. For
example, extensve use of olgpa drupes during
the breeding season by adults (Sekai et d. 1986,
p. 215) and nestlings (Table 1) may occur because
of its high fat content, minera properties, and
essy accesshility. Although aea is uncommon
(Sekai et d. 1986, p. 212), evidence of its use
was found in the droppings during the later nest-
ling stages. We hypothesize that aea fruits were
extensively used because of ther high crude pro-
tein content. Extensve use of ohakepau fruits
can be smply explained by ther abundance in
our study areas (Sakai et d. 1986, p. 212), and
to their high crude protein content. Fruits like
alani and hoawa are good sources of crude pro-
tein, but they were used less frequently, possibly
because of the amount of energy required to pry
open the hard outer shell (Sekai et a. 1986, p.
217). However, these fruits remain on trees for
a longer period than fleshy fruits and are, there-
fore, available for a longer period of time. Crows
have been obsarved to feed on the nonnative
banana poka (P. C. Banko, pers. comm.; Giffin
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1975), but since these plants are noxious and will
eventualy cause deasth to host trees by smoth-
ering the canopy, they should not be considered
as a food source for Hawaiian Crows.

The Hawaian Crow spends spring and sum-
mer a higher devations then in fdl and winter
(Giffin et d. 1987). They suggested that seasona
movement may reflect food availability, as it cor-
reponded with the peak food-plant fruiting pe-
riods a each location. Olapa and oha-kepau are
common summer foods above 1,100 m deva
tion, whereas the ide and mamaki are principd
winter foods and are most common below 1,100
m elevation (Rock 1913, Giffin 1983). More re-
cently, vegeation andyss of dry-forest plots
(Scott et a. 1986) showed only 35% of wet-forest
plot vaues for those fruit-bearing genera that the
Hawaiian crow is likdy to eat. Assuming an ap-
propriate site and plant species are selected, our
results indicate that fruits can be made available
year-round for crows in managed forests. The
benefit of having food resources avalable year-
round is tha crows can reman in the managed
area throughout the year. thus diminating pres-
sures from shooting, nest disturbances, and ex-
posure to diseases (providing that preserves are
located in mosquito-free zones). If managed for-
ests are serioudy being considered for upgrading
exiging crow habitat, then restocking measures
should gtart immediately. Based on our estimates
of nutritiond content of known fruits edten py
neslings, we recommend thet the following na
tive plants dways be an integra part of the man-
aged forest ecosystem: akala, aiea. dani. hoawa
ieie, kawau, kolea, kopiko, mamaki, naio, cha,
oha-kepau, ohelo, olapa, and pilo.
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