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Problem Statement

Climate change is expected to influence watershed function and
native species habitat in tropical island streams, yet few model sys-
tems exist to study how these aquatic ecosystems will respond to
forecasted changes. Tropical island watersheds are also threatened
by invasive plants that use more water and alter stand and stream
hydrology; changing climate is anticipated to exacerbate these par-
allel threats. Results from our research will be used to build a deci-
sion support tool that will aid in the conservation or restoration of
Pacific Island watersheds, steams and water resources vital for hu-

man, animals, and plants.

We have assembled a team of ecologists, hydrologists, social scien-
tists, modelers, and land managers to examine how climate change,
invasive species, and their interactions will impact watersheds of
windward Hawaii Island. In Year | of this project, stream and for-
est plots were established in watersheds distributed across a steep
rainfall gradient (3,000 - 6,000 mm of rain per year), where soils
and vegetation were held constant. The spatially compact nature of
these watersheds, where stream headwaters are only a few kilo-
meters from the ocean, means that entire stream systems can be
easily studied. This model study system will help us address press-
ing questions at reach-to-landscape scales regarding how climate

change and invasive species alter water resources in the tropics.

with lower flow (bottom), less water for human
use, and reduced suitable stream habitat for

native animals and plants.

Objectives

e  Use of state-of-the-science hydrological model-
ing and remote sensing to understand how
water yields, water quality and stream biota
vary across Hawaii Island. Stream monitoring
complements ecohydrology studies of terres-
trial ecosystems and provides critical data for

validating model scenarios.

e Measure biology, physiology and chemical /
physical attributes of streams across a network
of long-term stream monitoring sites including:
biodiversity, stream flow and discharge, nutri-
ent and sediment export under different pre-
cipitation regimes. This network across a 3000- Fig. 2. Intact stream flowing through a native Hawaiian forest.
mm rainfall gradient will provide data needed to
understand how streams respond to different climate variation, including how changes in stream flow
patterns influence population size, habitat use, growth rates, and food web structures of native stream

fauna.

e  Use data collected and model output to build a user-friendly, easily accessible decision support tool
(DST). This tool will increase the ability of resource managers to more effectively use limited resources

for watershed restoration and conservation.
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Project Partners

e USDA Forest Service PSW

® USDA Forest Service PNW

® University of Hawaii

® US Geological Survey

e Watershed Professionals Network
e Kamehameha Schools

e Hawaii Division of Aquatic
Resources
® Michigan State University

e Pacific Island Climate Change
Cooperative (Pacific LCC)
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Working with multiple

partners allows us to

pool knowledge, tools,
and models for more

effective evaluation of
potential watershed

restoration actions.
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The Environmental Setting
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Stream sites are located between 450-550 m
in elevation and drain younger lava flows
(11,000-64,000 years old) dominated by ohia
wsoon (Meterosideros polymorphia) forests. Stream
discharge and channel morphology data col-
lected from these sites will be used to expand
forecasting with the Distributed Hydrology,
At Soil, and Vegetation Model (DHSVM) that was
Toason = 71 “™™ parameterized in 2010. Various climate
change and invasive species scenarios will be
run to determine their independent and inter-
active impacts on water quantity and quality, as

wwon Well as stream habitat suitability.
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Fig 3. Project area map of the environmental setting, including
mean annual precipitation isohyets (yellow lines), geologic age of
substrate and the location of study sites (green dots) with active

stream gages.

Sampling Protocol for Biological Measurements

Nutrient concentrations, stable water isotopes, and
various ecological parameters from study streams are
being compared across our rainfall gradient to deter-
mine how changes in stream flow alters water quan-
tity, habitat suitability and ecological function of tropi-
cal streams. These same parameters are also being
measured over time in order to detect any influences
of inter-annual variation in rainfall, with the goal of
comparing responses to short-term changes in annual
rainfall to long-term changes observed across our

gradient.

Fig. 4. Native shrimp (opae, Atyoida bisulcata) with an

Ecological parameters include algal productivity, in- elastomer tag for identification.

vertebrate community composition, shrimp body
mass and reproductive success, food web structure and leaf litter decomposition. Working with the Pacific
Island Climate Change Cooperative, we will use these parameters along with in-stream habitat measure-

ments to develop vulnerability assessments of stream fauna to changes in stream flow.
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Biotic Responses to Climate Change

12 Primary productivity and food web structure. We
A have begun studies to examine the influence of flow
10 regimes, nutrient availability, and grazing patterns on
E j stream primary productivity. Preliminary results suggest
£ 8 that decreased stream flow alters feeding behavior of
% ? * native shrimp, potentially shifting from an autochthonous
é. 6 é i (internal carbon sources) to an allochthnous (external
E carbon sources) based food web.
4
Wetter Drier
2 Native species responses. In addition to serving as a
- B model organism in our field system, native freshwater
= shrimp (‘opae) are important ecological and cultural
X 261 § components of Hawaiian streams. Little is known about
g, @ ‘opae habitat preferences, reproductive success, or feed-
< ° ing behaviors. Preliminary results reveal that decreasing
£ 2] L] stream flow results in decreased shrimp body size (Fig.
§ 201 ¢ . 5A) and condition (Fig. 5B).
g 18
167 Decomposition. Leaf litter decomposition provides
@\é & B © a@é . o@é carbon and nutrients that support secondary production
¥® W e o in streams and near shore ecosystems. Decomposition

rates will likely be impacted by changes in stream flow,
which is expected to alter nutrient cycling in streams,
nutrient delivery to coastal areas, and secondary produc-
tion. We are initiating studies to understand how
changes in stream flow will alter leaf litter decomposi-

Fig. 5. A) Average (+ SE) size class and B) body condition
of native shrimp sampled from streams across our precipi-
tation gradient on Hawaii Island. Body condition is the
ratio of weight to length and is an overall measure of fit-

tion.
ness. Higher values represent healthier organisms.

Research Informing Management

: : Evidence for low
Through a new grant from the Pacific Islands Climate Bl mpAct

Change Cooperative, and working with PNW scien- M very Low
. . Low

tists, Keith Reynolds and Gordon Reeves, we are Moderate
using output from the parameterized DHSVM model ;‘g‘;mh

and data from our stream monitoring network to
develop a decision support tool for tropical island
watershed management. The Ecosystem Manage-
ment Decision Support (EMDS) is a user-friendly,
GIS-based platform that will be used to create the
decision support tool for resource managers
throughout Hawaii and the western Pacific. The
output of the EMDS are maps (Fig. 6) that identify R
priority areas in need of some type of management ".“,l:b;}gi‘b
action (e.g., reforestation, invasive species control). N 4":‘:’%‘&9{!’
This will ultimately enable Pacific Island resource

managers to more effectively utilize limited re- 'f\:,’l“- ',’_}‘, .
sources to develop and implement adaptation or O ‘;‘éé's{":.‘:‘
. . . . : K {4
restoration strategies for watershed conservation in 4<%/ 40 bt 2R
the face of a changing climate and/or increased Fig. 6. Example output from a PNW EMDS. Blue areas

spread of invasive species. represent areas of high aquatic impact and that require some
management action (e.g., reforestation, limited timber har-

vest).

In addition to reduced
water supply, decreased
stream flow will also
have negative impacts
on native stream
organisms, ecosystem

services vital to the

people of Hawaii.



Climate Change & Pacific Island Water Resources

Opae kala’ole (Atyoida bisulcata), a

dominant stream organism, filter-
ing food particles out of the water

column.

This research initiative is
providing an integrated
understanding of watershed
function that is vital to
increasing the resilience of
tropical watersheds to climate
change while informing
managers on restoration
actions required to sustain

ecosystem goods and services.

Leveraging Partnerships and Moving Forward

e Through the alliance of research and land management organizations, this initiative is yielding knowl-
edge and tools needed to address climate change and invasive species impacts on stream biodiver-
sity and watershed function throughout the Western Pacific region.

e  This initiative has allowed the Pacific Southwest Research Station to partner with the Pacific

Northwest Research Station, the Rocky Mountain Research Station and the International
Institute of Tropical Forestry on national level climate change and freshwater research.

e  This research framework was critical for supporting new projects funded by the Pacific Island Cli-
mate Change Cooperative, and the Hawaii Fish Habitat Partnership, as well as future pro-
posals to NSF Water Sustainability and Climate Program and USGS Pacific Island Climate
Science Center.

e  This partnership-based initiative is informed by and will deliver research products directly to land

managers so outcomes are rapid and relevant to society.

Timeline & Future Work

For Further Information,

Contact:

Richard MacKenzie
Research Scientist
60 Nowelo Street
Hilo, HI 96720
(808) 854—2616
rmackenzie@fs.fed.us

Research &
Development

Pacific Southwest
Research Station

2010: (i) parameterized and calibrated |

DHSVM with Hawaiian-specific data, (ii) |~
identified long-term study reachesin 9
streams, (i) sampled nutrients and

invertebrates from these streams.

201 I: (i) established study sites in 9
streams, (i) installed flow gages and
began to develop rating curves, (iii)
sampled streams for nutrients, stable
isotopes, and habitat, (iv) quantified
relationships between stream flow,
shrimp growth, and algal productivity,
(v) forecast impacts of climate change
and invasive species on stream flow and
water quality, (vi) initiated long-term
leaf litter decomposition and food-web

Fig 6. Local high school students present their mural, “Conservation of

structure studies. Native Hawaiian Streams” to the “Forest, Ocean, Climate and Us” Pro-

. X gram (FOCUS). Their mural was based upon visits to project sites with
2012: (i) sample streams for nutrients,

stable isotopes, algae, invertebrates,
fish, and leaves, (ii) examine response
of stream variables (flow, nutrients, biotic variables) to spatial variation in climate (precipitation and tem-
perature) and compare to model outputs; (iii) adapt and validate stream-focused decision support tools for
Hawaiian streams; (iv) model how changes in stream flow alter native shrimp production, reproduction,

Forest Service scientists, where they learned about native stream animals,

stream habitat, and the threats of invasive plants species and climate change.

and recruitment, (v) install plots in native and exotic dominated forests along precipitation gradient.

201 3: (i) sample streams for nutrients, stable isotopes, algae, invertebrates, fish, and leaves, (ii) begin larger
-scale extension of NETMAP-type EMDS for water resource managers on other Pacific Islands. (jii) quantify
how invasion of native forests by exotic species alters hydrological and sediment inputs and compare with

model outputs.

201 4: (i) sample streams for nutrients, stable isotopes, algae, invertebrates, fish, and leaves, (ii) examine
response of stream variables (flow, nutrients, biotic variables) to inter-annual variations in climate; (jii)

compare findings to model outputs.
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