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ABSTRACT

The visits of color-banded, territorial Amakihi to marked clusters of mamane
bloom were recorded. The results indicated the existence of three systematic
patterns in foraging behavior: (1) Amakihi avoid revisiting flower clusters
they have recently visited; (2) when revisits do occur, they tend to be temporally
spaced so as to allow time for nectar replenishment; (3) at least in some cases,
the male and female Amakihi do not feed randomly with respect to each other, but
rather a portion of the territory is utilized only by the female. Each of these
characteristics of Amakihi foraging for nectar probably increases the foraging
efficiency of the birds.
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INTRODUCTION

When a nectar feeding bird takes nectar from a flower, that flower will
remain empty for a period of time that depends on the rate at which the flower
produces new nectar. Therefore, it is theoretically possible for the nectar
feeding bird to increase its foraging efficiency by adopting a systematic pattern
of flower visitation which minimizes repeat visits to recently fed upon flowers.
The purpose of the present study was to determine if members of one species of

Hawaiian Honeycreeper (Drepanididae), the Amakihi (Loxops virens), in fact show

such a pattern in the field.

The potential utility of such systematic foraging by nectar feeders has been
commented upon by a number of authors (e.g., Carpenter & MacMillen 1973, 1975;
Gill & Wolf 1975; Gill, Wolf, & Peters, in prep.; Ortiz-Crespo). Carpenter &
MacMillen have been directly concerned with drepanids. 1In their 1973 paper they
commented that a nectar feeder could '"forage most efficiently if it visited
flowers in a systematic way so that after each visit it allowed the flower enough
time to recuperate." However, perhaps because of their primary interest in the
pollination strategies of nectar-bearing trees, Carpenter and MacMillen have not
reported any data which rigorously test the hypothesis of systematic foraging in
drepanids. As Gill et al. (in prep.) have shown, testing this hypothesis
requires the recording of visits by identifiable individual birds to marked
flowers. With this information, the actual distribution and timing of the visits
of individual birds to specific flowers can be obtained and compared to the
results that would be produced by random visitation.

In the present study, such data were obtained by recording the visits of
territorial, color-banded Amakihi to specific clusters of the flowers of the

mamane (Sophora chrysophylla). Since mamane flowers are curved and relatively

closed, they must be probed to determine their nectar content, Thus the birds
could not see whether the flower contained nectar by visual inspection from a
distance; the insertion of the bill into the flower, however, provided an easily
observed criterion of flower visitation. At the same time, because mamane
flowers are quite small, it was necessary to score visits to clusters of flowers

rather than individual flowers.



METHODS

Site

The study site was located in the Kaohe Game Management Area at approximately
2140 m elevation, on the western slope of Mauna Kea near the road to Puu Laau
(Fig. 1). This area is a relatively dry, open parkland type forest, dominated by

mamane and naio (Myoporum sandwicense) trees (Fig. 2; see van Riper 1975, for a

detailed description of this area). Data were collected during the Amakihi

breeding season on several field trips from February to May, 1975.

Procedures

Because the typical Amakihi territory included thousands of mamane flower
clusters distributed among two or more trees, it was necessary to select a sample
of these clusters for observation. The first step in this process was to choose
trees in which visits to flower clusters would be recorded. Five trees in five
different territories were chosen. All five of these met three criteria: (1) each
was located in the territory of a pair of Amakihi and was defended against
intruding Amakihi by the pair; (2) both resident Amakihi were color-banded; and
(3) at least one side of the tree could be clearly seen from a distance of 10-15
m. Three of the trees selected (sites 1-3) appeared to be primary feeding trees,
in heavy bloom compared to other trees in the territory. The other two trees
(sites 4 and 5) contained the nest and only light bloom.

The second step was to select the specific flower clusters which would be
observed in these trees. 1In trees 1-3, with many clusters, colored markers were
hung in the tree and flower clusters located near these markers were each given
a unique designation (e.g., Black 1-9, Red 1-7, etc.). 1In trees 4 and 5, where
far fewer clusters were present, virtually every visible flower cluster was
assigned a number. These clusters, all visits to which were recorded, will be

' The number of designated clusters

referred to as the "designated clusters.'
watched during observational periods varied from 56 to 116. When markers were
used, they were left in place for one to two days before data collection began

to allow the birds to habituate to the presence of the markers. Furthermore, the
first observation session conducted at each site was treated as a 'practice
session" with the data collected excluded from data analyses. This gave the
observer an opportunity to become familiar with the spatial distribution of the

designated clusters and gave the birds an opportunity to habituate to the presence
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of the observer.

Data were collected during observational sessions of 4-6 hours duration,
usually beginning between 0730 and 0800 hours. The observer would position
himself 10-15 m from the tree, equipped with 8 x 40 field glasses and a portable
tape recorder. Each time an Amakihi or White-eye (Zosterops japonica), the only

nectar feeding birds seen during the study, was observed feeding on nectar in

the tree, three things were recorded on tape: (1) the identity of the bird (band
colors or the absence of any bands in the case of some of the intruders); (2) the
time the feeding bout began; and (3) the identity of designated flower clusters
visited, if any. Thus, the number of visits to each designated cluster, the
identity of the bird making each visit, and the approximate time of each visit
were available for later analysis.

In order to measure the accuracy of this method, an estimate of its
interobserver reliability was obtained. Two observers simultaneously recorded
visits to the same designated clusters for two observational sessions. During
these two sessions, 173 clusters were observed and the observers agreed on the
number of visits of 159 (91.9%) of these. In each of the 14 disagreements, the
degree of discrepancy was one visit. 1In addition to this high level of agreement,
it was apparent that some of the disagreements were caused by factors that would
not affect normal data collection: the fact that the two observers, of necessity,
observed from slightly different vantage points and therefore had slightly
different views of the designated clusters, and because of the relative

inexperience of one of the observers.
RESULTS

Flower visitation

In 74 hours and 20 minutes of observation a total of 1171 visits to
designated clusters were observed, of which 1093 (93.3%) were made by resident
Amakihi, Of the 78 (6.7%) visits to designated clusters made by intruders, three
were made by White-eyes and 75 by intruding Amakihi. These figures indicate that
the resident Amakihi were very efficient at excluding nectar feeding intruders,
most of whom were chased soon after entering the territory. While intruding
Amakihi were almost invariably chased, White-eyes were chased only occasionally.
If the hypothesis of systematic foraging is correct, then the resident birds,

who consistently feed within the same restricted area, should show fewer visits



to already visited flowers than the intruders. Of the 1093 visits by residents,
369 (34.0%) were visits to previously visited clusters; of the 78 visits by
intruders, 52 (67.8%) were repeat visits. These proportions differ significantly
(x? test, p < .005).

For each observational session, separate frequency distributions were
compiled for each resident, indicating the number of times that a resident had
vigited each designated cluster. 1If visits to the designated clusters were
distributed randomly, these obtained distributions should approximate the Poisson
distribution. Table 1 shows the distributions obtained for all cases in which
the ratio of the number of visits to the number of designated clusters exceeded
0.20, along with the Poisson distribution for each case. O0f the 19 obtained
distributions, 12 (63.27) deviated significantly from the Poisson distribution in
the direction which indicates that the resident Amakihi were tending to avoid
clusters which they had already visited. Less clusters were visited zero times,
less clusters visited more than once, and more clusters visited exactly once than
would be expected by chance. One (5.2%) of the distributions deviated signifi-
cantly in the opposite direction, with more repeat visits than expected. Finally,
of the six (31.6%) distributions which did not deviate significantly from the

Poisson, five showed fewer repeat visits than expected by chance.

Intervisit times

The temporal patterning of those repeat visits to designated clusters was
also examined. Each time a designated cluster was visited more than once, the
duration of the interval between successive visits was calculated. These
intervisit times were tabulated separately for several categories of repeat
visits (summarized in Table 2). The intervisit times for two successive visits
by the same resident on days for which the frequency distribution of visits
deviated significantly from the Poisson distribution with less repeat visits
than by chance (SAME-NP) was compared with that for the remaining days (SAME-P,
those not deviating significantly from the Poisson plus the one day deviating in
the direction of more repeat visits than by chance). The difference in intervisit
times for these two classes was not statistically reliable, whether tested in
terms of the means (t-test, p > 0.3) or the temporal distribution (x2 test,

p > .25; see Fig. 3). Therefore, these two classes were combined into one

category (SAME) for all revisits where both visits were made by the same resident



TABLE 1. The distribution of visits to designated clusters.

Date, Sex # visits/# clusters Distribution # visits p
0 1 2 >3
Feeding Site 1
2-22, 2 52/70 obs: 27 36 8 - <.01
Poisson: 33 25 12 ——
2-26, ¥ 32/82 obs: 51 30 1 - <.025
Poisson: 56 22 4 -
31, ¥ 61/88 obs: 36 45 7 - <.01
Poisson: 44 30 13 -
43, % 56/72 obs: 23 42 7 - <.01
Poisson: 33 26 13 -
4-6, 4 40/80 obs: 41 38 1 - <.01
Poisson: 49 24 7 -
Feeding Site #2
2-25, ¥ 93/86 obs: 32 29 16 9 ns
‘ Poisson: 29 32 17 8
2-25, &' 25/86 obs: 62 23 ) R— ns
Poisson: 64 19 3 —
2-28, ¥ 99/90 obs: 21 46 18 5 <.01
Poisson: 30 33 18 9
Feeding Site #3
4-9, % 36/72 obs: 41 27 4 - ns
Poisson: 44 22 6 —
4-10, ¥ 33/101 obs: 71 27 3 - ns
Poisson: 73 24 4 —
4-10, & 22/101 obs: 79 22 0 - <,10
Poisson: 81 18 2 ——
414, 3 51/116 obs: 70 42 4 - <.05
Poisson: 75 33 8 —
414, " 49/116 obs: 72 40 4 - <.05
Poisson: 76 32 8 -
Feeding Site #4
4-15, 3 58/66 obs: 23 31 12 - <.10
Poisson: 27 24 15 -
4-16, 3 95/74 obs: 7 4 19 5 <.005
Poisson: 20 26 17 11



TABLE 1 (Continued).

Date, Sex # visits/# clusters Distribution 0 #lViSi;S 53 P

Feeding Site #5

424, ¥ 28/55 obs: 29 2 2 -- <.025
Poisson: 33 17 5 -

4-26, 3 82/55 obs: 18 9 18 10 <,.025
Poisson: 12 18 14 11

428, ¥ 93/56 obs: 4 21 21 10 <.025
Poisson: 11 18 15 13

4-28, & 35/56 obs: 25 29 2 -- <.01

Poisson: 30 19 7 -—




TABLE 2. Summary of intervisit times for different categories
of repeat visits to the same designated cluster.

Category Mean S.D.%
SAME-POISSON 110.4 7.31
SAME-NON-POISSON 102.3 4,84
SAME 105.7 4.19
DIFF 80.4 4.13

* The S.D. figures given throughout this paper are standard
error for the mean reported.

SAME-POISSON = revisits by the same resident Amakihi on days
which did not have significantly fewer revisits
than by chance. ‘

SAME-NON-POISSON = revisits by the same resident Amakihi on
days with significantly fewer revisits than

by chance.

SAME = intervisit times when the revisit was made by the same
resident Amakihi (includes both SAME-POISSON and
SAME-NON-POISSON)

DIFF = intervisit times when the revisit was made by a

different individual
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Temporal distributions of intervisit times. SAME-NP indicates
repeat visits by the same Amakihi on days with significantly fewer
revisits than by chance. SAME-P refers to days which did not have
significantly fewer revisits than by chance.
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Amakihi. This was then compared to intervisit times for those cases where the
revisit had been made by a different individual (DIFF; Fig. 4). Repeat visits to
the same cluster by different individuals occurred significantly closer together
in time than repeat visits by a single individual, in terms of the means (t-test,

p < .001) or temporal distributions (x® test, p < .005). It should be noted that
although the difference in mean intervisit times for the SAME and DIFF cases was
small (25.3 min), the DIFF mean was increased by the results of one session in
which an intruder appeared and fed upon designated clusters 124 minutes after the
last visit to designated clusters by a resident. When these visits are eliminated,

the difference in means rises to 34.8 minutes.

Division of the territory

During the course of this study, it became evident that, is some cases, the
resident male and female Amakihi did not simply feed randomly with respect to
each other's feeding activities. It appeared that the female had exclusive use
of a portion of the feeding territory, which the male did not feed in. This
pattern was clearest in the case of the pair at Site 1. This feeding tree was a
large one, with most designated clusters lying on three main limbs facing the
observer's vantage point. However, other parts of the tree and a very small tree
in heavy bloom to the north of the primary tree were also in view. The feeding
area which was utilized exclusively by the female was located in the central part
of the tree and included all designated clusters. The male almost never fed in
this area although he was observed chasing intruders from this part of the tree
several times. This pattern is indicated by the following data: in 25 hours and
55 minutes of observation time, the female was observed initiating feeding bouts
86 times, and the male 83 times, in the total area which could be seen from the
vantage point. Yet, while the female frequently fed in the area of the designated
clusters, making 241 visits to them, the male entered this area to feed only 4
times, visiting a total of 6 designated clusters. In fact, the male made less
visits to designated clusters than did intruders, who visited 43 in the same
period of time. Clearly, if the residents of this territory fed randomly with
respect to the locations at which the other fed, the two residents should have
made an approximately equal number of visits to designated clusters. Similar
patterns were observed at Site 4 and 5 trees (which contained nests), where the

males were rarely observed feeding on bloom near the nest. However, it must be
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emphasized that no indication of this type of division of the territory was seen
at Sites 2 or 3.

DISCUSSION

These data demonstrate that territorial Amakihi systematically pattern their
visits to flower clusters in three ways, each of which probably functions to
increase nectar foraging efficiency.*

(1) Amakihi make relatively few visits to flower clusters which they have
already visited. Thus a disproportionately large proportion of the clusters
which are visited are being visited for the first time, and such unvisited
flowers undoubtedly contain more nectar than clusters which have been visited
previously during the observational session.

(2) When an individual Amakihi does make repeat visits to the same cluster,
these visits are spaced temporally further apart than would be expected by
chance (if we regard the DIFF intervisit times as an estimate of the temporal
spacing of random revisits). This allows more time for nectar replenishment than
would be obtained with random foraging.

(3) At least in some cases, the resident pair of Amakihi appear to divide
their territory for feeding purposes so that only the female utilizes a portion
of it. Division of a territory has been observed in other feeding species (e.g.,
Wolf and Stiles 1970), and probably functions to reduce the extent to which each
animal visits clusters recently depleted by the other (Ortiz-Crespo).

One problem with the analysis of the distribution of visits to the designated
clusters is the observation that some distributions did not differ significantly

* Data were also gathered on the rate of nectar production by mamane clusters in
order to estimate the amount of nectar obtained by Amakihi on each visit to
designated clusters. Analysis of these data is not yet complete, but some
preliminary results can be reported here. Nineteen clusters in six different
trees were covered so as to exclude both buds and insects. These clusters were
then periodically emptied of nectar for 3-10 days (114 measures of the amount of
nectar production per day were obtained). Virtually all nectar production took
place during the day, with no marked difference between morning and afternoon.
The average rate of nectar production during the day was 1.63 pL/hr per cluster
(S.D. = 0.17). The mean sugar content of the nectar was 25.5% (S.D. = 1.93;
based on 27 measurements). Preliminary estimates of nectar availability based on
these figures indicate that systematically foraging resident Amakihi enjoyed a
15-25% advantage over intruders, in terms of UL of nectar available per visit to
designated clusters.
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from the Poisson distribution (also a feature of the data of Gill et al. in
prep.), and one even showed more repeat visits than by chance. While the number
of such distributions is low, and does not call into question the basic
conclusion above, this variation is of interest. There seem to be two possible
explanations. Either the birds do, in fact, vary in their tendency to avoid
flower clusters they have already visited, or this tendency is consistent but
the technique used to detect the pattern was fallible. Fallibility of the
technique seems more likely for a number of reasons. Methodologically, the
frequency distributions obtained could be seriously affected by the outcome of
the process of selecting designated clusters for observation. If a substantial
number of designated clusters were in a part of the tree which the birds avoided
entering (for example, areas low in the tree, which may have been avoided on
occasion because of the presence of the observer), this would artificially
increase the number of designated clusters receiving no visits. Thisg, in turn,
would decrease the probability of detecting any systematic avoidance of already
visited clusters in the part of the tree which was fed in by the birds.

In terms of the data, there are two reasons to conclude that lack of
sensitivity in the statistical procedures caused the variation in the statistical
analyses. First, most of the obtained distributions which did not differ from
the Poisson distribution tended to show less repeat visits than expected. 1In
one case (Site 3, 4-10, male) no repeat visits were observed, but the power of
the test was very low because there were few visits to designated clusters.
Second, intervisit times for non-Poisson days did not differ significantly from
those of Poisson days. This shows that even though the birds made more revisits
to designated clusters on Poisson days, these revisits themselves were
distributed systematically. Even in the case in which significantly more repeat
visits were made than expected by chance (Site 5, 4-26), the mean intervisit
time by this individual was greater than that for the overall SAME distribution
(117.7 min, S.D. = 14,99).

It is interesting to compare these data with those obtained by Gill et al.
(in prep.). They recorded the visits of color-banded Golden-winged Sunbirds

(Nectarinia reichenowi) to marked Leonotis inflorescences. These birds were not

breeding, but maintaining individual territories, and because there were only
200-300 inflorescences per territory, it was possible to record visits to a much

higher proportion of the flowers on the territory than was possible in the
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present study. Gill et al. also detected two systematic tendencies~~reducing
the number of revisits to individual inflorescences and temporally distributing
revisits so as to allow time for nectar replenishment. The presence of these
two behavioral patterns in both drepanids and nectarinids suggests that they may
be widely found in nectar feeding species.

It is also interesting to compare the present data with the data Carpenter
and MacMillen (1975) used to conclude that territorial Iiwi (Vestiaria coccinea)

visit flowers in a systematic way allowing for nectar replenishment. Actually,
this conclusion was apparently based on a single observation: '"We watched a
single branch of flowers on a territory and timed the owner's visits to that
branch. The visits were spaced 31 minutes apart (S.D. = % 5min) for seven
consecutive visits.'" Actually, this observation is of no use in evaluating the
question of sxstematic flower visitation. Although the verbal statement implies
a fairly fixed intervisit interval, the standard deviation indicates variation.
_Any set of numbers will have a mean and standard deviation, and we have no way
of deciding whether or not a mean intervisit time of 31 minutes is significantly
different from a random pattern of flower visitation.

Carpenter and MacMillen (1975) also reported that the Amakihi they observed
showed no specialized nectar feeding strategy, specifically not defending feeding
territories. This clearly conflicts with the observations reported here.
However, the difference is probably due to the different areas in which the
studies were carried out and perhaps due to their being conducted at different
times. Carpenter and MacMillen collected their data in the relatively wet, ohia
dominated areas on Mauna Loa where three nectar feeding drepanid spécies are

fairly common: Iiwi, Apapane (Himatione sanguinea), and Amakihi. Because both

Apapane and Iiwi easily displace Amakihi in interspecific encounters (Carpenter
and MacMillen 1975, pers. obs.), it may be difficult or impossible for Amakihi

to maintain a territory which includes a substantial amount of bloom where these
other species are present. Furthermore, it is not clear whether or not Carpenter
and MacMillen collected data during the Amakihi breeding season. It is possible
that Amakihi maintain territories which include feeding areas only during the
breeding season and in areas where Apapane and Iiwi are uncommon. This would be
consistent with Eddinger's failure to observe Amakihi feeding territories
(Berger, pers. comm.) in Kokee State Park on Kauai, where both Apapane and Iiwi

are present.
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The patterns of foraging behavior observed in this study raise the question
of what behavioral mechanisms make them possible. One possibility is that in
feeding on a flower a bird somehow changes the appearance of the flower. Then
the bird need only avoid flowers which show signs of having been fed on recently.
But this possibility can be eliminated because of the finding that intervisit
times were consistently longer for revisits made by the same bird than for those
made by different birds. If physical changes in the flower were used to mediate
systematic foraging, these changes should be apparent to any Amakihi, not just
to the particular bird who made the initial visit to the flower.

It seems most likely that some type of memory is involved and that Amakihi
remember where they have fed (perhaps in terms of general area and not specific
clusters) and avoid feeding there again. This is supported by the results of a
laboratory experiment I have just completed. During this experiment, Amakihi
could maximize their intake of sugar solution and minimize their contact with a
mild quinine solution by learning to avoid visiting a feeding site at which they
had recently fed (10-15 sec earlier). All three Amakihi tested learned this
task readily. These results do not prove that Amakihi learn systematic foraging
in the field, nor can they be regarded as a rigorous test of the ability of the
Amakihi to remember information over longer time periods. But they do show that
Amakihl are capable of learning to use cues based on the site of previogus
feeding to systematically pattern their feeding behavior. Since the field
situation 1s structured in such a way that repeat visits to the same cluster in
a short period of time will go relatively unrewardéd, such learning must be
regarded as a definite possible mechanism underlying the systematic foraging of
Amakihi,

ACKNOWLEDGEMENTS

This study was supported by NSF Grants GB-30501 and GB-23230, Island Eco-
systems, IRP/IBP. Many individuals assisted me in a number of ways. I would
particularly like to express my gratitude to: Andrew J. Berger for his many
helpful comments and for allowing me access to Amakihi for laboratory study;
William Burke for helping me gather the reliability data; Win Banko, for allowing
me to use his refractometer; Robert Kinzie, Robert Snider, and Fred Lighter, for
many useful suggestions, and hours of stimulating conversation. I am egpecially
grateful to Charles van Riper, III, for allowing me to work in his study area,
for helping me locate and identify appropriate Amakihi pairs to study, and for
many helpful suggestions.



- 17 -

LITERATURE CITED

Carpenter, F. L. and R. E. MacMillen. 1973. Interactions between Hawaiian

Honeycreepers and Metrosideros collina on the island of Hawaii. IBP

Island Ecosystems IRP Tech. Rep. #33. 23 p.

Carpenter, F. L.,and R. E. MacMillen. 1975. Pollination energetics and
foraging strategies in a Metrosideros-Honeycreeper association. IBP
Island Ecosystems IRP Tech. Rep. #63. 9 p.

Gill, F. B., and L. L. Wolf. 1975. Economics of feeding territoriality in the
Golden-winged Sunbird. Ecology 56:333-345.

Gill, F. B., L. L. Wolf , and S. Peters. Flower visit patterning by territorial

Golden-winged Sunbirds. in prep.

Ortiz-Crespo, F. An evaluation of territoriality and interference in hummingbird
territorial systems. MS thesis.

van Riper, C., III. 1975. Composition and phenology of the dry forest on
Mauna Kea, Hawaii, as related to the annual cycle of the Amakihi (Loxops
virens) and Palila (Psittirostra bailleui). IBP Island Ecosystems IRP
Tech. Rep. #51. 37 p.

Wolf, L. L., and F. G. Stiles. 1970. Evolution of pair cooperation in a
tropical hummingbird. Evolution 24:759-773.




*No.

*No.

*No.

*No.

*No.

*No.

*No.

*No.

*No.

No.

*No.

*No.

No.

No.

No.

No.

No.

No.

10

11

12

13

14

15

16

17

18

19

20

TECHNICAL REPORTS OF THE US/IBP ISLAND ECOSYSTEMS IRP
(Integrated Research Program)
Hawaii Terrestrial Biology Subprogram. First Progress Report and Second-
Year Budget. D. Mueller-Dombois, ed. December 1970. 144 p.

Island Ecosystems Stability and Evolution Subprogram. Second Progress Report
and Third-Year Budget. D, Mueller-Dombois, ed. January 1972. 290 p.

The influence of feral goats on koa (Acacia koa Gray) reproduction in Hawaii
Volcanoes National Park. G. Spatz and D. Mueller-Dombois, February 1972.
16 p.

A non—-adapted vegetation interferes with soil water removal in a tropical
rain forest area in Hawaii. D. Mueller-Dombois. March 1972. 25 p.

Seasonal occurrence and host-lists of Hawaiian Cerambycidae. J. L. Gressitt
and C. J. Davis. April 1972. 34 p.

Seed dispersal methods in Hawaiian Metrosideros. Carolyn Corn. August
1972. 19 p.

Ecological studies of Ctenosciara hawaiiensis (Hardy) (Diptera: Sciaridae).
W. A. Steffan. August 1972. 7 p.

Birds of Hawaii Volcanoes National Park. A. J. Berger. August 1972, 49 p.

Bioenergetics of Hawaiian honeycreepers: the Amakihi (Loxops virens) and
the Anianiau (L. parva). R. E. MacMillen. August 1972. 14 p.

Invasion and recovery of vegetation after a volcanic eruption in Hawaii.
G. A. Smathers and D. Mueller-Dombois. September 1972, 172 p.

Birds in the Kilauea Forest Reserve, a progress report. A. J. Berger.
September 1972, 22 p.

Ecogeographical variations of chromosomal polymorphism in Hawaiian
populations of Drosophila immigrans. Y. K. Paik and K. C. Sung. February
1973. 25 p.

The influence of feral goats on the lowland vegetation in Hawaii Volcanoes
National Park. D. Mueller-Dombois and G. Spatz. October 1972. 46 p.

The influence of SO9 fuming on the vegetation surrounding the Kahe Power
Plant on Oahu, Hawaii. D. Mueller-Dombois and G. Spatz. October 1972.
12 p.

Succession patterns after pig digging in grassland communities on Mauna Loa,
Hawaili. G. Spatz and D. Mueller-Dombois. November 1972. 44 p.

Ecological studies on Hawaiian lava tubes. F. G. Howarth. December 1972.
20 p.

Some findings on vegetative and sexual reproduction of koa. Gunter O,
Spatz. February 1973. 45 p.

Altitudinal ecotypes in Hawaiian Metrosideros. Carolyn Corn and William
Hiesey. February 1973. 19 p.

Some aspects of island ecosystems analysis. Dieter Mueller-Dombois.
February 1973. 26 p.

Flightless Dolichopodidae (Diptera) in Hawaii. D. Elmo Hardy and Mercedes
D. Delfinado. February 1973. 8 p.

* out of print



No.

No.

No.

No.

No.

No.

No.

*No.

No.

No.

No.

*No.

No.

No.

No.

No.

No.

No.

No.

No.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Third Progress Report and Budget Proposal for FY 74 and FY 75. D. Mueller-
Dombois and K. Bridges, eds. March 1973, 153 p.

Supplement 1. The climate of the IBP sites on Mauna Loa, Hawaii. Kent
W. Bridges and G. Virginia Carey. April 1973. 141 p.

The bioecology of Psylla uncatoides in the Hawaii Volcanoes National Park
and the Acacia koaia Sanctuary. John R. Leeper and J. W. Beardsley.
April 1973. 13 p.

Phenology and growth of Hawaiian plants, a preliminary report. Charles
H. Lamoureux. June 1973. 62 p.

Laboratory studies of Hawaiian Sciaridae (Diptera). Wallace A. Steffan.
June 1973. 17 p.

Natural area system development for the Pacific region, a concept and
symposium. Dieter Mueller-Dombois. June 1973. 55 p.

The growth and phenology of Metrosideros in Hawaii. John R. Porter.
August 1973, 62 p.

EZPLOT: A computer program which allows easy use of a line plotter. Kent
W. Bridges. August 1973. 39 p.

A reproductive biology and natural history of the Japanese white-eye
(Zosterops japonica japonica) in urban Oahu. Sandra J. Guest. September
1973. 95 p.

Techniques for electrophoresis of Hawaiian Drosophila. W. W. M. Steiner
and W. E. Johnson. November 1973. 21 p.

A mathematical approach to defining spatially recurring species groups in
a montane rain forest on Mauna Loa, Hawaii. Jean E. Maka. December 1973.
112 p.

The interception of fog and cloud water on windward Mauna Loa, Hawaii.
James O, Juvik and Douglas J. Perreira. December 1973. 11 p.

Interactions between Hawaiian honeycreepers and Metrosideros collina on the
island of Hawaii. F. Lynn Carpenter and Richard E. MacMillen. December
1973. 23 p.

Floristic and structural develcoment of native dry forest stands at
Mokuleia, N.W. Oahu. Nengah Wirawan. January 1974. 49 p.

Genecological studies of Hawaiian ferns: reproductive biology of pioneer
and non-pioneer species on the island of Hawaii. Robert M. Lloyd. February
1974. 29 p.

Fourth Progress Report and Budget Proposal for FY 19753. D. Mueller-Dombois
and K, Bridges, eds. March 1974. 44 p.

A survey of internal parasites of birds on the western slopes of Diamond
Head, Oahu, Hawaii 1972-1973. H. Eddie Smith and Sandra J. Guest. April
1974, 18 p.

Climate data for the IBP sites on Mauna Loa, Hawaii. Kent W. Bridges and
G. Virginia Carey. May 1974. 97 p.

Effects of microclimatic changes on oogenesis of Drosophila mimica. Michael
P. Kambysellis. May 1974. 58 p.

The cavernicolous fauna of Hawaiian lava tubes, Part VI. Mesoveliidae or
water treaders (Heteroptera). Wayne C. Gagné and Francis G. Howarth. May
1974, 22 p.

* out of print



e ————————— e

No. 41 Shade adaptation of the Hawaiian tree-fern (Cibotium glaucum (Sm.) H. & A.).

No. 42

No. 43

No. 44

No. 45

No. 46

No. 47

No. 48

No. 49

No. 50

No. 51

No. 52

No. 53
No. 54

No. 55

No. 56

No. 57

No. 58

No., 59

D. J. C. Friend. June 1974. 39 p.

The roles of fungi in Hawaiian Island ecosystems.I. Fungal communities
associated with leaf surfaces of three endemic vascular plants in Kilauea
Forest Reserve and Hawaiil Volcanoes National Park, Hawaii. Gladys E. Baker,
Paul H. Dunn and William A. Sakai. July 1974. 46 p.

The cavernicolous fauna of Hawailan lava tubes, Part VII. Emesinae or
thread-legged bugs (Heteroptera: Redvuiidae). Wayne C. Gagné and Francis
G. Howarth. July 1974, 18 p.

Stand structure of a montane rain forest on Mauna Loa, Hawaii. Ranjit
G. Cooray. August 1974, 98 p.

Genetic variability in the Kilauea Forest population of Drosophila
silvestris. E. M. Craddock and W. E. Johnson. September 1974. 39 p.

Linnet breeding biology on Hawaii. Charles van Riper III. October 1974.
19 p.

The nesting biology of the House Finch, Carpodacus mexicanus frontalis (Say),
in Honolulu, Hawaii. Lawrence T. Hirai., November 1974, 105 p.

A vegetational description of the IBP small mammal trapline transects -
Mauna Loa Transect. James D. Jacobi. November 1974, 19 p.

Vegetation types: a consideration of available methods and their suitability
for various purposes, Dieter Mueller-Dombois and Heinz Ellenberg. November
1974, 47 p.

Genetic structure and variability in two species of endemic Hawaiian
Drosophila. William W. M. Steiner and Hampton L. Carson. December 1974.
66 p.

Composition and phenology of the dry forest of Mauna Kea, Hawaii, as related
to the annual cycle of the Amakihi (Loxops virens) and Palila (Psittirostra
bailleui). Charles van Riper III. January 1975. 37 p.

Environment-enzyme polymorphism relationships in two Hawaiian Drosophila
species. W. W. M. Steiper. January 1975. 28 p.

A review of the Hawaiian Coccinellidae. John R, Leeper.. February 1975. 54 p.

Integrated island ecosystem ecology in Hawaii - Introductory Survey, Part I
of proposed synthesis volume for US/IBP series. Dieter Mueller-Dombois,
February 1975, 46 p.

Soil algal relationships to Onychiurus folsomi, a minute arthropod. Linda-Lee
MeGurk. March 1975. 66 p.

Cytogenetics of the Hawaiian Telmatogeton (Diptera). Lester J. Newman.
Maxrch 1975, 23 p. ‘

Electrophoretic variability in island populations of Drosophila simulans
and Drosophila immigrans. William W. M. Steiner, Ki Chang Sung and Y. K.
Paik. March 1975. 20 p. '

Acari on murine rodents along an altitudinal transect on Mauna Loa, Hawaii.

Frank J. Radovsky, JoAnn M. Tenorio, P. Quentin Tomich, and James D. Jacobi.
April 1975. 11 p. ‘ '

Climate data for the IBP sites on Mauna Loa, Hawaii. Kent W. Bridges and
G. Virginia Carey. April 1975. - 90 p.



No. 60

No. 61

No. 62

No. 63

No. 64

No. 65

No. 66

No. 67

No. 68

Oxygen consumption, evaporative water loss and body temperature in the Sooty
Tern, Sterna fuscata. Richard E. MacMillen, G. Causey Whittow, Ernest A.
Christopher and Roy J. Ebisu. April 1975. 15 p.

Threshold model of feeding territoriality: a test with an Hawaiian honey-
creeper. F. L. Carpenter and R. E. MacMillen. April 1975. 11 p.

Parasites of the Hawaii Amakihi (Loxops virens virens). Charles van Riper.
April 1975. 25 p.

Pollination energetics and foraging strategies in a Metrosideros-honeycreeper
association. F. Lynn Carpenter and Richard E. MacMillen. May 1975. 8 p.

Seasonal abundances of the mamane moth, its nuclear polyhedrosis virus, and
its parasites. Michael Conant. May 1975. 34 p.

Temporal pattern of gene arrangement frequency in altitudinal populations of

Drogophila immigrans on Mauna Loa, Hawaii. Y. K. Paik and K. C. Sung. May
1975. 14 p.

Integrated island ecosystem ecology in Hawaii. Spatial distribution of
island biota, Introduction. Part II, Chapter 6 of proposed synthesis
volume for US/IBP series. Dieter Mueller-Dombois and Kent W. Bridges.
June 1975. 52 p.

User oriented statistical analysis programs: a brief guide. Kent W. Bridges.
July 1975. 37 p.

Systematic patterns of foraging for nectar by Amakihi (Loxops virens). Alan C.
Kamil. July 1975. 17 p.



