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People who spend large amounts of time sitting on tree
branches high above the forest floor unavoidably develop an
interest in the way things fall.  How long did that raindrop,
fleeing lizard or fumbled carabiner take to hit the ground?
What did it bump into along the way?  Did it survive?  Would
I?  This curiosity, combined with the ubiquity of ants in
tropical forest canopies, led me to discover that workers of
many neotropical ant species do not fall haphazardly when
dislodged from tree crowns.  Instead, they direct their aerial
descent to land on the tree trunk with >80% success.  This
discovery was pub-
lished in the journal
Nature (Yanoviak et
al. 2005a) with Drs.
Robert Dudley (U.
of California, Berke-
ley) and Mike
Kaspari (U. of Okla-
homa).  Videos and
links to          related
information are
available at
<<www.canopyants.com>>.
The primary goal of
this article is to pro-
vide additional back-
ground and details of
the discovery.  I also
summarize the cur-
rent status of our
knowledge of this

behavior in ants, and future directions for research on this
phenomenon.

LIFE AS A CANOPY ANT

Ants comprise a substantial portion of arthropod biom-
ass and diversity in forest canopies of the lowland tropics.
This is remarkable given that tree crowns offer relatively un-
stable substrates for insects like ants that are small, active,
and wingless.  Physical disturbances (e.g., wind, rain, pass-
ing primates, foraging birds) are common and unpredictable

in the tree tops, and
may quickly dis-
lodge an ant from a
branch or leaf, ulti-
mately dislocating it
tens of meters.  In-
deed, ants fall or
jump (Weber 1957)
from trees with high
frequency, often
landing in the un-
derstory as “ant rain”
(Haemig 1997,
Longino & Colwell
1997).

Ants are social
insects.  Most indi-
viduals belong to the
worker caste, whose
primary functions
include food gather-
ing, brood care, nest
maintenance and
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Fig. 1. A typical Cephalotes  atratus  worker
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defense.  Ant workers that be-
come lost while foraging or
fighting must be replaced,
and thus are costly to their
colony.  Whereas ground-
dwelling ants use a variety
of orientation techniques
to find their way home
(e.g.,  Hölldobler 1980,
Wohlgemuth et al. 2001), the
likelihood of a fallen canopy
ant returning to its point of
origin after landing in the un-
familiar and potentially hos-
tile understory is presumably
low.  Thus, given the hazards
inherent in canopy life and
the dramatic change in con-
ditions from the canopy to
the understory, arboreal ants
face a high risk of falling and
of subsequently becoming
lost.  It follows that selection
will favor traits that either pre-
vent arboreal ants from fall-
ing, or prevent them from be-
coming lost when they do fall.

One trait that effectively
reduces the chance of a fall is
the ability to maintain a good
grip on relatively smooth sur-
faces.  Some ants (and other
arboreal animals) achieve this
with modified pretarsal struc-
tures having special adhesive properties (i.e., “sticky” tarsi;
Orivel et al. 2001, Federle et al. 2002).  However, even ants
with sticky tarsi occasionally find themselves airborne.  When
faced with this circumstance, many other arboreal animals,
especially vertebrates, use parachuting or gliding to control
the speed or direction of their fall (e.g., Moffett 2000).  Until
the discovery of directed aerial descent (hereafter “gliding”
for simplicity) in ants, this behavior was unknown in extant
wingless arthropods (Dudley 2000).

BLUE MOSQUITOES AND GLIDING ANTS

I first noticed gliding in Cephalotes atratus ants in 1998
while working on a canopy ant project with Mike Kaspari on
Barro Colorado Island (BCI) in Panama (Yanoviak & Kaspari
2000).  I brushed a C. atratus worker off of my hand and watched

in amazement as it seemed to
glide a considerable horizon-
tal distance instead of falling
straight to the ground as I had
expected.  Four years later I
was climbing trees in the Pe-
ruvian Amazon in search of
metallic blue mosquitoes
(Haemagogus janthinomys).  The
goal was to collect blood-fed
females and take them (live)
back to our lab in Iquitos for a
project examining the effects
of deforestation on transmis-
sion of Venezuelan equine en-
cephalitis and related diseases
(Aguilar et al. 2004, Yanoviak
et al. 2005b).  While waiting
for the mosquitoes to arrive, I
was attacked by hundreds of
C. atratus workers that were
nesting inside the branch I
was sitting on.  These ants are
rather large, and they have a
hard exoskeleton and dorsal
spines that will easily punc-
ture skin (Fig. 1).  Needing an
ant-free place to put my hand,
I brushed 20-30 C. atratus
workers off of the branch.  To
my surprise, the falling ants
followed a distinct J-shaped
trajectory leading directly
back to the tree trunk about

6m below me.  I recalled my prior observation in Panama and
realized that there was definitely something interesting go-
ing on.  Since then, I have spent most of my free time drop-
ping ants out of trees.

DROPPING ANTS

My first tasks were to develop a basis for quantifying the
ants’ glide success (i.e., frequency of trunk contact after a
fall), and to rule out other possible explanations for what
appeared to be a novel behavior.  After a review of basic phys-
ics, a simple quantitative null model emerged (Yanoviak et
al. 2005a) and opened the door to some hypothesis testing.  I
began by marking individual ants with white paint so that I
could see their glides better against the dark understory.  That
led to the realization that the ants were gliding backwards
and were climbing back up into the crown after landing on

Fig. 2. Manipulation of C. atratus  for the vision experiment.

a) control and b) experimentally blinded workers.

Scale bar = 1 mm



3

Vol. 11 No. 2 Winter, 2005

the trunk.  I then moved ants from their home trees and
dropped them from trees 50 km away to see if gliding success
was somehow linked to characteristics of individual trees.  I
found that prior experience with a given tree had no effect on
the ants’ performance.  This facilitated further experimenta-
tion because it enabled me to collect ants from readily acces-
sible colonies and drop them from the best climbable trees.
In the last set of experiments, I dropped ants from opposite
branches within trees and in different relative positions at
the time of release.  Results of these trials showed that loca-
tion within a tree and starting position with respect to the
trunk do not influence the behavior.  Thus, the gliding be-
havior was not an accident or the result of observer bias.

After ruling out these basic alternative hypotheses, I next
investigated the sensory and morphological mechanisms
behind gliding in C. atratus.  By experimentally blinding the
ants with paint (Fig. 2), I was able to show that they locate
the tree in a fall using visual cues.  Tropical tree trunks are
often light in color, and further trials showed that the ants
cue in on and glide to almost any light-colored column ap-
pearing against a darker background.  But how do the ants
adjust their trajectories in mid-air?  Results of preliminary
experiments showed that the shape and orientation of the
ants’ appendages play an important role in determining glide
success.

For me, one of the most memorable moments in this
project was when I dropped a second, much smaller species,
Cephalotes umbraculatus, from a Dipteryx tree on BCI.  Not only
did it glide, it seemed to do so with greater speed and preci-
sion than C. atratus.  I started dropping every species of ant I
could find in the canopy, and we sought a way to quantify
their performance.  Now we know that smaller Cephalotes spe-
cies tend to glide better than larger species (i.e., they land on
the trunk over shorter vertical drop distances).  We also know
that gliding occurs in at least five ant genera in three sub-
families (Myrmicinae, Pseudomyrmecinae, and Formicinae),
but appears to be completely absent in ponerimorphs and
Dolichoderinae.  The formicine genus Camponotus is especially
interesting because it contains both gliding and non-gliding
species.

NEXT STEPS (OR DROPS)

We continue to work on this system and are making new
discoveries with ants and other gliding canopy insects al-
most daily.  Currently we are focused on four principal top-
ics: 1) determining the taxonomic distribution of gliding
behavior in arboreal arthropods, 2) testing for associations
between gliding and other ecological and behavioral charac-
teristics, 3) documenting the abundance, species composi-
tion, and fate of arboreal insects that fall to the understory in

tropical forests, and 4) identifying and quantifying the mor-
phological and aerodynamic mechanisms used by wingless
insects to direct their aerial descent.
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by authors Richard Primack and Richard Corlett

2005. Tropical Rainforests: An Ecological and Biogeographical Comparison. Blackwell Science, UK.

There are many books on tropical rain forests al-
ready: do we really need another one? In reality, the large
number of books with “tropical rain forest” in the title is
rather misleading. Most deal either with a single site,
country, or continent, with a single taxonomic group or
only with human impacts and conservation. Very few aca-
demic books have attempted a broad overview of tropical
rain forest biology. Tim Whitmore’s An Introduction to Tropi-
cal Rain Forests, Paul Richards’ The Tropical Rainforest: an Eco-
logical Study, and Marius Jacobs’ The
Tropical Rain Forest: a First Encounter,
are unashamedly biased towards
the plants, while John Terborgh’s
Stimulating Diversity and the Tropical
Rain Forest was not intended to be
comprehensive. You have to go
back as far as the two-volume Tropi-
cal Rain Forest Ecosystems, published
by Elsevier in 1983 and 1989, for
an attempt to deal with both plants
and animals on a global scale.

Our book grew out of a con-
versation on the sidelines of the
annual meeting of the Ecological
Society of America in Providence,
Rhode Island, way back in 1996.
We had both been struck by the
way speakers in a symposium re-
ferred to “the tropical rain forest”
as if it were a single, uniform en-
tity, all over the tropics. Even more
disturbing for two ecologists who
had worked mostly in Southeast
Asia, was the implication that the
rain forests of the Neotropics were typical and that what
was being learned in Panama, Costa Rica and Mexico
could be extrapolated without much modification to the
rest of the tropics. This “typical” rain forest had bromeli-
ads, sloths, hummingbirds and leaf-cutter ants, but lacked
the dipterocarp trees, apes, civets, hornbills and fungus-
growing termites that we were familiar with in Asia. Rain
forest ecologists working in Africa, Madagascar, New

Guinea or Australia would have found this model equally
unrecognizable.

We started with a shared conviction that tropical
rain forests in different parts of the world differ in big and
important ways. We initially envisaged a short paper
pointing out this fact and giving a few examples of the
differences we thought important. Over the next few years,
however, the project took on a life of its own, partly in
response to newly published research in a variety of fields.

Advances in molecular phylogeny,
in particular, have helped put rain
forest biogeography on a more solid
footing. The paper eventually grew
into a book. It was not until we saw
the proofs that we realized exactly
what we had taken on. The result,
we hope, is a completely new view
of tropical rain forests that empha-
sizes a cross-continental, compara-
tive approach.

The book focuses on the dif-
ferences that have resulted from the
long periods of geographical sepa-
ration between the five major rain
forest regions: tropical America, Af-
rica, Southeast Asia, Madagascar
and New Guinea, as well as the
smaller, outlying areas in Australia,
Sri Lanka and elsewhere. Tens of
millions of years of independent
evolution in environments that dif-
fer in important ways have pro-
duced many different rain forests,
each with its own unique species

and interactions. After an introduction to the varied envi-
ronments and biogeographic histories responsible for
these differences, successive chapters are devoted to
plants, primates, carnivores and plant-eaters, birds, fruit
bats and gliding vertebrates and insects. Of particular in-
terest to canopy biologists will be the sections on epi-
phytes, ant plants and climbers in the plant chapter, on
canopy vertebrates in the primate, bird and bat chapters,
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CCCCCORRECTIONORRECTIONORRECTIONORRECTIONORRECTION

and butterflies, ants, wasps, bees and termites in the in-
sect chapter.  Many of the differences we highlight are
well known, such as the contrast between primate com-
munities in the Neotropics and the Old World Tropics.
Others are probably pointed out for the first time.

Our book was intended as a scientific celebration
of rain forest diversity, so we have tried to restrict the dis-
couraging realities of the twenty-first century tropics to
the final chapter. Here we have kept to the ‘many rain for-
ests’ theme of the earlier chapters and show how the bio-
logical differences among regions interact with the differ-
ing threats and may, as a result, require different re-
sponses. We discuss which approaches to rain forest con-
servation are working, which are not and which still need
to be tried. It is impossible to write optimistically about
rain forest conservation as a whole, but there are some
bright spots and examples of best practice. In particular
we review the value and problems of establishing  national
parks and other protected areas, cooperating with local
people in conservation projects and regulating trade in
rain forest products.

Although we have taken a broader view than any
recent book on rain forests, there are some very obvious
omissions, such as reptiles, amphibians  and freshwater
fish. There is surely enough known for comparative over-
views of all three groups, but the literature is generally
inaccessible to the outsider and there were no recent cross-
continental reviews to get us started.  For most of the nu-
merous invertebrate groups that we have omitted, by con-
trast, there probably isn’t even enough known. But we is-
sue a challenge to the readers of this newsletter: please
prove us wrong! We would love to see ecological and bio-
geographical comparisons of the vertebrate groups men-
tioned above, in addition to rain forest snails, spiders, cock-
roaches, flies and earthworms.

Throughout the book we emphasize the need for
comparative studies of rain forests in different parts of
the world using standardized methods. At the end of each
chapter we suggest specific questions that could form the
basis for such cross-continental comparisons.  An ex-
ample of such a question requiring comparative studies
would be:  Why do Southeast Asian rain forests have far
more species of gliding animals in the canopy than are
found in rain forests elsewhere?  Is it because everwet,
dipterocarp rain forests in Asia have a lower density of
insects and small vertebrates as a food source than more
seasonal rain forests? Another would be:  Do neotropical
tank bromeliads, by providing sources of water in the
canopy, alter the ecology of animal communities and eco-
system processes in a way  that is fundamentally different

ICAN would like to make a correction from the Fall
2004  edition of What’s Up? (11:1). The article titled “Cen-
ter for Canpoy Ecology” included an announcement that
the Selby Gardens had eliminated canopy ecology from
its mission.  Please be advised that although the Center
for Canopy Ecology has moved to the Sarasota campus of
New College of Florida as we printed,  The Marie Selby
Gardens continues to address issues of canopy ecology.
The true mission of The Marie Selby Botanical Gardens
is to understand and conserve tropical plants — with em-
phasis on epiphytes and their natural habitats - through
programs of research, education and horticultural display
that promote appreciation of plant life and provide enjoy-
ment for all who visit the Gardens.

For more information go to <<www.selby.org>>

from the canopy biology of rain forests elsewhere? We
hope that readers of this newsletter will come up with
many other questions of your own. An organization such
as ICAN, with its global focus, in collaboration with the
Canopy Database Project <<www.canopy.evergreen.edu>>, can
play a leading role in the initiation and coordination of
these comparative studies. The simplest approach is for
key elements of particularly successful studies to be rep-
licated at other sites around the world.  If you want to
quantify bird abundance, or insect diversity, or rates of
herbivory, try to find a method that has been used before
elsewhere, rather than producing a unique data point that
cannot be compared with existing information. The
pantropical network of 50-hectare forest plots established
by the Institute for Tropical Forest Science is by far the
most ambitious example of the approach we advocate and
it would be great to see more canopy studies done in these
plots. Most researchers, however, are confined by time
and money to single sites, so the comparative element can
only come from the use of standardized methods and
cross-continental cooperation.

Richard Corlett, University of Hong Kong,
<corlett@hkucc.hku.hk>

Richard Primack, Boston University,
<Primack@bu.edu>
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The GCP’s first Sabah Canopy Training course took
place last month in Danum Valley, Borneo. The course trained
18 scientists and technicians from Malaysia, the Phillipines and
China to carry out and support research in ASEAN (Associa-
tion of southeast Asian nations) region countries.

The course is a pioneering collaboration between the
GCP, the Universiti Malaysia Sabah, Yayasan Sabah and the
Royal Society South East Asian
Rainforest Research Programme.
Funding  is supported for three
years by the UK Government’s
Darwin Initiative.  The aim of the
project is to build capacity for
studying the forest canopy in
ASEAN region countries
through training a new genera-
tion of climbing and science in-
structors.  They can then train
others to work in this complex
but rewarding habitat.  The
course follows the great success
of the GCP’s Brazilian canopy
training course which has been
instrumental in building aware-
ness and capacity for studying
this rich and understudied habi-
tat in South America.

The GCP course is the first in the world to be indepen-
dently audited and to teach new access methods compliant with
current British and European Safety Standards for work at height.
The GCP hopes that institutions requiring their employees to
undertake canopy research will in the future adopt these new
techniques as part of their health and safety policy.

The 2005 course took place between 17th January and 5th

February in a reserve of pristine, lowland Dipterocarp rainforest
adjacent to Danum Valley Field Centre, Sabah.  This is the tall-
est rainforest in the world with emergent trees rising to heights

of over 80m.  The course included instruction in: rope access
techniques, emergency procedures, casualty assessment and sta-
bilization, ground-based and aerial rescue, line installation, haz-
ard assessment, canopy rigging and work planning.  All partici-
pants passed the strict assessment and attained the Basic
Canopy Access Proficiency (BCAP) award.

In the first week, 8 research assistants from the Danum
Valley Field Centre and the
Universiti Malaysia, Sabah
received instruction from
Canopy Access Limited, a
UK specialist rope-access
company working in col-
laboration
with the GCP.

In week two, 9 senior
scientists and forest manag-
ers from the Universiti Ma-
laysia Sabah, Yayasan Sabah,
Xishuangbanna Tropical
Gardens (Chinese Academy
of Sciences), China, Griffith
University, Australia and the
ASEAN Regional Centre for
Biodiversity Conservation
(ARCBC) in the Philippines,

were also trained to BCAP level. They also received concurrent
lectures on the state of canopy science from Professor Roger
Kitching, a biodiversity specialist from Griffith University, Aus-
tralia and Dr James Morison, an ecophysiologist from Essex
University, U.K.

Initial training was carried out at low-levels on small trees
adjacent to the Danum Valley Field Centre, but  all participants
also climbed high into the canopy, scaling epiphyte rich diptero-
carps to heights of 45m.  The training site was particularly rich
in wildlife with frequent incidences of Orangutans and other
primates watching the climbers from nearby branches.

Dr Xiaodong Yang from China checks a Malaise trap at 40m
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In June 2004, the International Workshop on Forest

Canopy Research in Brazil:  Training in Canopy Ecology and

Biodiversity Conservation, was held in Ouro Preto, Brazil.

The workshop body drafted the The Ouro Preto Declara-

tion on Brazilian Forest Canopies, Biodiversity and Cli-

mate Change.  It  was  signed by representatives from more

than 30 Universities and forest and environment related in-

stitutions in Brazil.  The declaration recognizes the impor-

tance of forest canopies and calls for further development of

canopy research and training in Brazil.

Soon after the workshop, the declaration was sent to

the Ministry of Science and Technology in Brazil and also to

the Secretariat of the Convention on Biological Diversity in

Montreal.  On 13th of December 2004 the Brazilian Ministry

of Science and Technology responded  by fully endorsing the

declaration and will  support canopy biodiversity research in

Brazil.  They included a three-page letter from the biodiversity

section of the Ministry that further emphasized the impor-

tance of forest canopies and called for the Ministry to sup-

port these efforts.  In particular they highlighted the impor-

tance of forest canopy research for studying regional and glo-

bal hydrology, carbon dynamics and climate change.  In ad-

dition,  it emphasized the need for canopy data to improve

the interpretation of satellite imagery that can then be used

to examine the interactions between Amazonian forest cover,

carbon storage and climate change.  The GCP will post a

copy of the letter on their website as soon as it has been trans-

lated into English.

Week three saw all participants learning and practicing
the practical skills needed to carry out science in the canopy,
placing traps high in the trees and discussing the possibilities
for future canopy research in their respective countries.

This was the first of three courses to be run by the Global
Canopy Programme and funded by the Darwin Initiative.  In
years two and three, this year’s graduates will return to help
train many more students to carry out work in the canopy of
ASEAN countries.  It is the belief of all involved that these courses

will follow the success of the Brazilian model, generating ex-
citement in and capacity to carry out high level research in the
rainforest canopy.

If  you would like to participate in or  host a
 course please contact John Pike

 <j.pike@globalcanopy.org>
For further information please see our website

<<www.globalcanopy.org/training>>

Alex Karolus from Danum Valley on his first canopy climb

The full text of the declaration can be viewed at
<<www.globalcanopy.org/news>>

CCCCCOOOOONTRIBUTENTRIBUTENTRIBUTENTRIBUTENTRIBUTE     TTTTTOOOOO W W W W WHAHAHAHAHATTTTT’’’’’SSSSS U U U U UPPPPP?????

The International Canopy Network (ICAN) is cur-
rently seeking articles and information for the upcoming is-
sue of What’s Up?, set for publication in June, 2005. ICAN
accepts articles, meeting, workshop and job announcements,
relavent  website addresses, and citations.  Contributions
can be sent via e-mail attachment, fax, or snail mail.  Articles
up to 1500 words are accepted (WORD format preferred)
and graphics are welcomed. The deadline for submissions is
May 15, 2005. For further information or to send contribu-
tions, please contact the ICAN office:

Hannah Anderson  - Program Administrator/ Editorial Assisstant;
2103 Harrison Avenue NW, PMB 612, Olympia, WA 98502;
(360) 867-6788; <canopy@evergreen.edu>.
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NORTHWEST SCIENCE ANNUAL MEETING

24-25 MARCH 2005

The Wind River Canopy Crane Research Facility
(WRCCRF) will be presenting a symposium at the annual
meeting of the Northwest Scientific Association this March
24 - 25, 2005  in Corvallis, Oregon.  The symposium is
titled   "The Wind River Canopy Crane Research Facility: 10
years of research on the struture and function of an old-growth
forest ecosystem."  The symposium will include talks on the
evolution of old-growth forest canopy structure, forest
canopy biology, carbon dynamics of an old-growth forest,
the physiologic consequences of being large  and long-term
measurements at WRCCRF.  The WRCCRF Director, Pro-
fessor Jerry Franklin will be the banquet speaker, discussing
"Natural Resource Challenges in the 21st Century".  In ad-
dition, there will be a workshop on NEON (Pacific North-
west Regional Planning for the National Ecological Obser-
vatory Network) facilitated by Mark Harmon and Jerry
Franklin.

See the Northwest Scientific Association website for more
details and registration information:

<<http://www.vetmed.wsu.edu/org_NWS/NWSci_Home.htm>>

MMMMMEETINGSEETINGSEETINGSEETINGSEETINGS     ANDANDANDANDAND S S S S SYMPOSIAYMPOSIAYMPOSIAYMPOSIAYMPOSIA

ECOLOGICAL SOCIETY OF AMERICA

7-12 AUGUST 2005

An organized oral session entitled Casting Light
on Nocturnal Stomatal and Canopy Conductance  will be
held this August 7-12 at the Ecological Society of America
annual meeting in Montreal, Quebec.

A central principle underlying research in plant physi-
ological ecology is that  stomata regulate water loss from
leaves in relation to photosynthetic carbon fixation and wa-
ter supply.  This suggests that almost all land plants (ex-
cluding CAM) should close their stomata at night when
there is no opportunity for carbon gain.  However, there is
increasing  evidence that significant water loss occurs through
stomata in the dark in many species from a range of environ-
ments.  Recent work suggests that plants with inherently
high daytime stomatal conductance tend to have high noc-
turnal stomatal conductance, and that stomata respond to
air humidity variation in the dark.  Is this a failure of the
stomatal control system, or might it confer benefits, or even
be necessary, in plants?  Stomatal and canopy conductance
have been measured so infrequently in the dark that mecha-
nistic and ecological understanding is weak.  Possible ben-
efits of nocturnal stomatal conductance include improved
nutrient acquisition, recovery from xylem cavitation, pre-
vention of excess leaf turgor and continuation of oxygen de-
livery to xylem parenchyma.  If nocturnal stomatal conduc-
tance is widespread, this phenomenon has wide implications
for carbon and water budgets of plants and ecosystems, in-
cluding (a) impacts on the oxygen isotope composition of
carbon dioxide, which is increasingly being used to parti-
tion ecosystem respiration, and for which models are ex-
tremely sensitive to nocturnal stomatal conductance (b) the
validity of assumptions made about zero night flow in sap
flow methods and hydrological or land surface exchange
models, and (c) possibly enhanced pollutant damage via sto-
matal uptake when photosynthetic electron transport is in-
active.  The occurrence and significance of nocturnal sto-
matal conductance spans multiple spatial scales from indi-
vidual stomata to entire ecosystems, and disciplines from
plant physiology to biogeochemistry.

For more information regarding this session, please contact
Nathan Phillips at <nathan@bu.edu>.

Have you recently moved or changed your e-mail address?
If so, please let us know so we can keep your records cur-
rent. E-mail your new information to <canopy@evergreen.edu>.
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RECENT CITRECENT CITRECENT CITRECENT CITRECENT CITAAAAATIONS IN CANOPY SCIENCETIONS IN CANOPY SCIENCETIONS IN CANOPY SCIENCETIONS IN CANOPY SCIENCETIONS IN CANOPY SCIENCE

Since there is no central journal on canopy science, it
is useful to publish citations on canopy studies in the recent
literature. Some of the papers listed below were obtained
from ICAN subscribers sending in reprints; most were dis-
covered through weekly literature searches on Current Con-
tents on Diskette (CCOD).

CANOPY STRUCTURE

Boutet, J. C., and J. F. Weishampel. 2003. Spatial pattern analysis of pre-
and post-hurricane forest canopy structure in North Carolina, USA. Land-
scape Ecology 18:553-559.

Miyadokoro, T., N. Nishimura, and S. Yamamoto. 2003. Population struc-
ture and spatial patterns of major trees in a subalpine old-growth conif-
erous forest, central Japan. Forest Ecology and Management 182:259-
272.

Rasmussen, H. N., S. Soerensen, and L. Andersen. 2003. Lateral bud and
shoot removal affects leader growth in Abies nordmanniana. Scandinavian
Journal of Forest Research 18:127-132.

Schnitzler, A., and D. Closset. 2003. Forest dynamics in unexploited birch
(Betula pendula) stands in the Vosges (France): structure, architecture
and light patterns. Forest Ecology and Management 183:205-220.

Sillett, S. C., and M. G. Bailey. 2003. Effects of tree crown structure on
biomass of the epiphytic fern Polypodium scouleri (Polypodiaceae) in
redwood forests. American Journal of Botany 90:255-261.

Suzuki, M. 2003. Size structure of current-year shoots in mature crowns.
Annals of Botany 92:339-347.

Turnipseed, A. A., D. E. Anderson, P. D. Blanken, W. M. Baugh, and R. K.
Monson. 2003. Airflows and turbulent flux measurements in mountain-
ous terrain Part 1. Canopy and local effects. Agricultural and Forest Me-
teorology 119:1-21.

Van Pelt, R., and N. M. Nadkarni. 2004. Development of canopy structure in
Pseudotsuga menziesii forests in the southern Washington Cascades.
Forest Science 50:326-341.

ECOSYSTEM PROCESSES

Bluthgen, N., G. Gebauer, and K. Fiedler. 2003. Disentangling a rainforest
food web using stable isotopes: dietary diversity in a species-rich ant
community. Oecologia 137:426-435.

Copenheaver, C. A., and M. D. Abrams. 2003. Dendroecology in young
stands: case studies from jack pine in northern lower Michigan. Forest
Ecology and Management 182:247-257.

Hagen, S. B., I. Folstad, and S. W. Jakobsen. 2003. Autumn colouration and
herbivore resistance in mountain birch (Betula pubescens). Ecology Let-
ters 6:807-811.

Schafer, K. V. R., R. Oren, D. S. Ellsworth, C. T. Lai, J. D. Herrick, A. C.
Finzi, D. D. Richter, and G. G. Katul. 2003. Exposure to an enriched CO2
atmosphere alters carbon assimilation and allocation in a pine forest eco-
system. Global Change Biology 9:1378-1400.

Sousa, W. P., S. P. Quek, and B. J. Mitchell. 2003. Regeneration of Rhizophora
mangle in a Caribbean mangrove forest: interacting effects of canopy
disturbance and a stem-boring beetle. Oecologia 137:436-445.

Spangenberg, A., and C. Kolling. 2004. Nitrogen deposition and nitrate
leaching at forest edges exposed to high ammonia emissions in Southern
Bavaria. Water Air and Soil Pollution 152:233-255.

Takahashi, K., H. Azuma, and K. Yasue. 2003. Effects of climate on the
radial growth of tree species in the upper and lower distribution limits of
an altitudinal ecotone on Mount Norikura, central Japan. Ecological Re-
search 18:549-558.

FOREST MANAGEMENT

Bissonette, J. A., and I. Storch. 2002. Fragmentation: is the message clear?
Conservation Ecology 6:14.

D'eon, R. G., S. M. Glenn, I. Parfitt, and M. J. Fortin. 2002. Landscape
connectivity as a function of scale and organism vagility in a real forested
landscape. Conservation Ecology 6:10.

Franklin, S. B., P. A. Robertson, and J. S. Fralish. 2003. Prescribed burning
effects on upland Quercus forest structure and function. Forest Ecology
and Management 184:315-335.

Hering, K. G. 2003. A scientific formulation of tropical forest management.
Ecological Modelling 166:211-238.

Lorimer, C. G. 2003. The decline of oak forests. BioScience 53:915.
Melles, S., S. Glenn, and K. Martin. 2003. Urban bird diversity and land-

scape complexity: species-environment associations along a multiscale
habitat gradient. Conservation Ecology 7:5.

Pakkad, G., F. Torre, S. Elliott, and D. Blakesley. 2003. Selecting seed trees
for a forest restoration program: a case study using Spondias axillaris
Roxb. (Anacardiaceae). Forest Ecology and Management 182:363-370.

FOREST STRUCTURE

Aguirre, O., G. Y. Hui, K. vonGadow, and J. Jimenez. 2003. An analysis of
spatial forest structure using neighbourhood-based variables. Forest Ecol-
ogy and Management 183:137-145.

Chen, H. Y. H., and K. Klinka. 2003. Aboveground productivity of western
hemlock and western redcedar mixed-species stands in southern coastal
British Columbia. Forest Ecology and Management 184:55-64.

Franklin, J. 2003. Regeneration and growth of pioneer and shade-tolerant
rain forest trees in Tonga. New Zealand Journal of Botany 41:669-684.

Itoh, A., T. Yamakura, T. Ohkubo, M. Kanzaki, P. Palmiotto, S. Tan, and H.
S. Lee. 2003. Spatially aggregated fruiting in an emergent Bornean tree.
Journal of Tropical Ecology 19:531-538.

Rentch, J. S., M. A. Fajvan, and R. R. Hicks. 2003. Spatial and temporal
disturbance characteristics of oak-dominated old-growth stands in the
central hardwood forest region. Forest Science 49:778-789.

Slik, J. W. F., and K. A. O. Eichhorn. 2003. Fire survival of lowland tropical
rain forest trees in relation to stem diameter and topographic position.
Oecologia 137:446-455.

Waltz, A. E. M., P. Z. Fule, W. W. Covington, and M. M. Moore. 2003.
Diversity in ponderosa pine forest structure following ecological restora-
tion treatments. Forest Science 49:885-900.

FOREST-ATMOSPHERE INTERACTIONS

Bragg, D. C., M. G. Shelton, and B. Zeide. 2003. Impacts and management
implications of ice storms on forests in the southern United States. Forest
Ecology and Management 186:99-123.

Fick, J., L. Pommer, C. Nilsson, and B. Andersson. 2003. Effect of OH
radicals, relative humidity, and time on the composition of the products
formed in the ozonolysis of alpha-pinene. Atmospheric Environment
37:4087-4096.
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Liski, J., A. V. Korotkov, C. F. L. Prins, T. Karjalainen, D. G. Victor, and P. E.
Kauppi. 2003. Increased carbon sink in temperate and boreal forests. Cli-
matic Change 61:89-99.

Owen, S. M., A. R. MacKenzie, H. Stewart, R. Donovan, and C. N. Hewitt.
2003. Biogenic volatile organic compound (VOC) emission estimates from
an urban tree canopy. Ecological Applications 13:927-938.

van Herk, C. M., E. A. M. MathijssenSpiekman, and D. deZwart. 2003. Long
distance nitrogen air pollution effects on lichens in Europe. Lichenologist
35:347-359.

HYDROLOGY

Andrade, J. L. 2003. Dew deposition on epiphytic bromeliad leaves: an impor-
tant event in a Mexican tropical dry deciduous forest. Journal of Tropical
Ecology 19:479-488.

Chuyong, G. B., D. M. Newbery, and N. C. Songwe. 2004. Rainfall input,
throughfall and stemflow of nutrients in a central African rain forest domi-
nated by ectomycorrhizal trees. Biogeochemistry 67:73-91.

Goward, T., and A. Arsenault. 2003. Notes on the Populus ''dripzone effect'' on
lichens in well-ventilated stands in east-central British Columbia. Canadian
Field Naturalist 117:61-65.

Vrugt, J. A., S. C. Dekker, and W. Bouten. 2003. Identification of rainfall
interception model parameters from measurements of throughfall and for-
est canopy storage - art. no. 1251. Water Resources Research 39:1251.

INVERTEBRATES

Jardon, Y., H. Morin, and P. Dutilleul. 2003. Periodicity and synchronism of
spruce budworm outbreaks in Quebec. Canadian Journal of Forest Research
33:1947-1961.

Kelly, D. J., M. L. Bothwell, and D. W. Schindler. 2003. Effects of solar
ultraviolet radiation on stream benthic communities: an intersite compari-
son. Ecology 84:2724-2740.

Krawchuk, M. A., and P. D. Taylor. 2003. Changing importance of habitat
structure across multiple spatial scales for three species of insects. Oikos
103:153-161.

Niinemets, U., N. AlAfas, A. Cescatti, A. Pellis, and R. Ceulemans. 2004.
Petiole length and biomass investment in support modify light-interception
efficiency in dense poplar plantations. Tree Physiology 24:141-154.

Oyama, K., M. A. Perez Perez, P. Cuevas Reyes, and R. Luna Reyes. 2003.
Regional and local species richness of gall-inducing insects in two tropical
rain forests in Mexico. Journal of Tropical Ecology 19:595-598.

Poni, S., E. Magnanini, and F. Bernizzoni. 2003. Degree of correlation between
total light interception and whole-canopy net CO2 exchange rate in two
grapevine growth systems. Australian Journal of Grape and Wine Research
9:2-11.

Sorensen, L. L. 2004. Composition and diversity of the spider fauna in the
canopy of a montane forest in Tanzania. Biodiversity and Conservation
13:437-452.

Varkonyi, G., M. Kuussaari, and H. Lappalainen. 2003. Use of forest corridors
by boreal Xestia moths. Oecologia 137:466-474.

LIGHT TRANSMISSION

Battaglia, M. A., R. J. Mitchell, P. P. Mou, and S. D. Pecot. 2003. Light trans-
mittance estimates in a longleaf pine woodland. Forest Science 49:752-762.

Grant, R. H., G. M. Heisler, W. Gao, and M. Jenks. 2003. Ultraviolet leaf
reflectance of common urban trees and the prediction of reflectance from leaf
surface characteristics. Agricultural and Forest Meteorology 120:127-139.

Heisler, G. M., R. H. Grant, and W. Gao. 2003. Individual- and scattered-tree
influences on ultraviolet irradiance. Agricultural and Forest Meteorology
120:113-126.

MODELING

Hall, R. L. 2003. Interception loss as a function of rainfall and forest types:
stochastic modelling for tropical canopies revisited. Journal of Hydrology
280:1-12.

Haydon, D. T., and J. Fryxell. 2004. Using knowledge of recruitment to
manage harvesting. Ecology 85:78-85.

Hooley, J. L., and E. V. J. Cohn. 2003. Models of field layer vegetation inter-
actions in an experimental secondary woodland. Ecological Modelling 169:89-
102.

Jin, S., X. F. Zhou, and J. Fan. 2003. Modeling daily photosynthesis of nine
major tree species in northeast China. Forest Ecology and Management
184:125-140.

Rathgeber, C., A. Nicault, J. O. Kaplan, and J. Guiot. 2003. Using a bio-
geochemistry model in simulating forests productivity responses to climatic
change and [CO2] increase: example of Pinus halepensis in Provence (South-
east France). Ecological Modelling 166:239-255.

NUTRIENT CYCLING

Armbruster, M., M. Abiy, and K. H. Feger. 2003. The biogeochemistry of
two forested catchments in the Black Forest and the eastern Ore Moun-
tains (Germany). Biogeochemistry 65:341-368.

Chiwa, M., A. Crossley, L. J. Sheppard, H. Sakugawa, and J. N. Cape.
2004. Throughfall chemistry and canopy interactions in a Sitka spruce
plantation sprayed with six different simulated polluted mist treatments.
Environmental Pollution 127:57-64.

Holscher, D., L. Kohler, C. Leuschner, and M. Kappelle. 2003. Nutrient
fluxes in stemflow and throughfall in three successional stages of an
upper montane rain forest in Costa Rica. Journal of Tropical Ecology
19:557-565.

Tateno, M. 2003. Benefit to N2-fixing alder of extending growth period at
the cost of leaf nitrogen loss without resorption. Oecologia 137:338-343.

Turner, B. L., J. A. Chudek, B. A. Whitton, and R. Baxter. 2003. Phosphorus
composition of upland soils polluted by long-term atmospheric nitrogen
deposition. Biogeochemistry 65:259-274.

PLANT PHYSIOLOGY

Becker, P., R. J. Gribben, and P. J. Schulte. 2003. Incorporation of transfer
resistance between tracheary elements into hydraulic resistance models for
tapered conduits. Tree Physiology 23:1009-1019.

Cate, T. M., and T. D. Perkins. 2003. Chlorophyll content monitoring in sugar
maple (Acer saccharum). Tree Physiology 23:1077-1079.

Connor, K. F., and S. Sowa. 2003. Effects of desiccation on the physiology and
biochemistry of Quercus alba acorns. Tree Physiology 23:1147-1152.

Liu, L. X., S. M. Xu, and K. C. Woo. 2003. Influence of leaf angle on photosyn-
thesis and the xanthophyll cycle in the tropical tree species Acacia crassicarpa.
Tree Physiology 23:1255-1261.

Manter, D. K., and K. L. Kavanagh. 2003. Stomatal regulation in Douglas fir
following a fungal-mediated chronic reduction in leaf area. Trees Structure
and Function 17:485-491.

McLaughlin, S. B., S. D. Wullschleger, and M. Nosal. 2003. Diurnal and sea-
sonal changes in stem increment and water use by yellow poplar trees in
response to environmental stress. Tree Physiology 23:1125-1136.

Nardini, A., S. Salleo, and F. Raimondo. 2003. Changes in leaf hydraulic con-
ductance correlate with leaf vein embolism in Cercis siliquastrum L. Trees
Structure and Function 17:529-534.
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Richardson, A. D., G. P. Berlyn, and S. P. Duigan. 2003. Reflectance of
Alaskan black spruce and white spruce foliage in relation to elevation
and latitude. Tree Physiology 23:537-544.

Talbott, L. D., E. Rahveh, and E. Zeiger. 2003. Relative humidity is a key
factor in the acclimation of the stomatal response to CO2. Journal of
Experimental Botany 54:2141-2147.

PLANTS

Abrahamson, W. G., and J. N. Layne. 2003. Long-term patterns of acorn
production for five oak species in xeric Florida uplands. Ecology 84:2476-
2492.

Augspurger, C. K., and E. A. Bartlett. 2003. Differences in leaf phenology
between juvenile and adult trees in a temperate deciduous forest. Tree
Physiology 23:517-525.

Brzosko, E. and A. Wroblewska. 2003. Low allozymic variation in two
island populations of Listera ovata (Orchidaceae) from NE Poland.
Annales Botanici Fennici 40:309-315.

Ciegler, A., U. H. Eliasson, and H. W. Keller. 2003. Tree canopy lichens of
the Great Smoky Mountains National Park. Evansia 20:114-131.

Goubitz, S., M. J. A. Werger, and G. Neeman. 2003. Germination response
to fire-related factors of seeds from non-serotinous and serotinous cones.
Plant Ecology 169:195-204.

Goward, T. 2003. On the vertical zonation of hair lichens (Bryoria) in the
canopies of high-elevation old-growth conifer forests. Canadian Field
Naturalist 117:39-43.

Goward, T. 2003. On the dispersal of hair lichens (Bryoria) in high-eleva-
tion old-growth conifer forests. Canadian Field Naturalist 117:44-48.

Reddy, M. S., and N. Parthasarathy. 2003. Liana diversity and distribu-
tion in four tropical dry evergreen forests on the Coromandel coast of
south India. Biodiversity and Conservation 12:1609-1627.

Rentch, J. S., M. A. Fajvan, and R. R. Hicks. 2003. Oak establishment and
canopy accession strategies in five old-growth stands in the central
hardwood forest region. Forest Ecology and Management 184:285-297.

REMOTE SENSING

Bawa, K., J. Rose, K. N. Ganeshaiah, N. Barve, M. C. Kiran, and R.
Umashaanker. 2002. Assessing biodiversity from space: an example
from the Western Ghats, India. Conservation Ecology 6:7.

Dorren, L. K. A., B. Maier, and A. C. Seijmonsbergen. 2003. Improved
Landsat-based forest mapping in steep mountainous terrain using ob-
ject-based classification. Forest Ecology and Management 183:31-46.

Sampson, P. H., P. J. ZarcoTejada, G. H. Mohammed, J. R. Miller, and T.
L. Noland. 2003. Hyperspectral remote sensing of forest condition:
Estimating chlorophyll content in tolerant hardwoods. Forest Science
49:381-391.

Schwarz, M., C. Steinmeier, F. Holecz, O. Stebler, and H. Wagner. 2003.
Detection of windthrow in mountainous regions with different remote
sensing data and classification methods. Scandinavian Journal of Forest
Research 18:525-536.

RESEARCH EQUIPMENT AND METHODOLOGY

Breda, N. J. J. 2003. Ground-based measurements of leaf area index: a
review of methods, instruments and current controversies. Journal of
Experimental Botany 54:2403-2417.

Flint, S. D., R. J. Ryel, and M. M. Caldwell. 2003. Ecosystem UV-B
experiments in terrestrial communities: a review of recent findings and
methodologies. Agricultural and Forest Meteorology 120:177-189.

McRoberts, R. E. 2003. Compensating for missing plot observations in
forest inventory estimation. Canadian Journal of Forest Research
33:1990-1997.

Pineiro-Iglesias, M., P. Lopez-Mahia, S. Muniategui-Lorenzo, D. Prada-
Rodriguez, X. Querol, and A. Alastuey. 2003. A new method for the
simultaneous determination of PAH and metals in samples of atmo-
spheric particulate matter. Atmospheric Environment 37:4171-4175.

Sheil, D. 2003. Growth assessment in tropical trees: large daily diameter
fluctuations and their concealment by dendrometer bands. Canadian
Journal of Forest Research 33:2027-2035.

Wiegand, T., and K. A. Moloney. 2004. Rings, circles, and null-models for
point pattern analysis in ecology. Oikos 104:209-229.

VERTEBRATES

Arrowood, H. C., A. Treves, and N. E. Mathews. 2003. Determinants of
day-range length in the black howler monkey at Lamanai, Belize. Jour-
nal of Tropical Ecology 19:591-594.

Crooks, K. R., A. V. Suarez, and D. T. Bolger. 2004. Avian assemblages
along a gradient of urbanization in a highly fragmented landscape. Bio-
logical Conservation 115:451-462.

Desrochers, A., I. K. Hanski, and V. Selonen. 2003. Siberian flying squirrel
responses to high- and low-contrast forest edges. Landscape Ecology
18:543-552.

van der Ree, R., A. F. Bennett, and D. C. Gilmore. 2004. Gap-crossing by
gliding marsupials: thresholds for use of isolated woodland patches in
an agricultural landscape. Biological Conservation 115:241-249.

Vieira, E. M., and E. L. A. Monteiro. 2003. Vertical stratification of small
mammals in the Atlantic rain forest of south-eastern Brazil. Journal of
Tropical Ecology 19:501-507.

Wiles, G. J., J. Bart, R. E. Beck, and C. F. Aguon. 2003. Impacts of the
brown tree snake: patterns of decline and species persistence in Guam's
avifauna. Conservation Biology 17:1350-1360.

Williams, P. A. 2003. Are possums important dispersers of large-seeded
fruit? New Zealand Journal of Ecology 27:221-223.

Wormington, K. R., D. Lamb, H. I. McCallum, and D. J. Moloney. 2003.
The characteristics of six species of living hollow-bearing trees and their
importance for arboreal marsupials in the dry sclerophyll forests of
southeast Queensland, Australia. Forest Ecology and Management
182:75-92.

MISCELLANEOUS

Chen, S. S., and C. Y. Jim. 2003. Quantitative assessment of the treescape
and cityscape of Nanjing, China. Landscape Ecology 18:395-412.

Keller, H. W. 2004. Tree canopy biodiversity and student research expe-
riences in Great Smoky Mountains National Park. Systematics and Ge-
ography of Plants 74:47-65.

Keller, H. W., M. Skrabal, U. H. Eliasson, and T. W. Gaither. 2004. Tree
canopy biodiversity in the Great Smoky Mountains National Park: eco-
logical and developmental observations of a new myxomycete species of
Diachea. Mycologia 96:537-547.

Medel, R., E. Vergara, A. Silva, and M. KalinArroyo. 2004. Effects of
vector behavior and host resistance on mistletoe aggregation. Ecology
85:120-126.

Nadkarni, N. 2004. Not preaching to the choir: communicating the impor-
tance of forest conservation to nontraditional audiences. Conservation
Biology 18:602-606.
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