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Abstract

Developing a monitoring protocol for the Monkey River watershed, Belize, Central
America

SEAN E. COLLINS. Dept. of Biological Science, Marshall University, One John Mkrsha
Drive, Huntington, West Virginia 25755.

The study of tropical aquatic systems has been limiRedearchin developing countries can be

challenging due to inadequate resources and cultural variety. Generally, efforts are concentrated on
developing andanaintainingeconomicstability rather than ecological sustainability. The aim of this
projectwasto preliminarily develop and utilizerapid bioassessment protocol (RBP) for the Monkey

River watershedn Belize by determining which metrics best descdlmverall stream healthike

biomonitoring protocols already established for temperate systeragional tropical aquatic watershed
monitoring program shoulgrovide information includingtream and watershed health. These protocols
score systems on anrety of parameters including water chemistry, land stseam physiognomygnd

biological componentsSince arunderstanding of tropical aquatic environments cannot be gained through
studying temperate systemthis project was necessaluman impactare an important factor in aquatic
systemsChanges in land use practices in aesstted can drastically alter stream proceSEesRPB
usedmeasursof basic water chemistry and stream morphometrics. The protocol idaatEgorical
assessment of biolagal attributes of eacteach Land covemwasdetermined using satellite imagery and
ground truth dateResults from human impact assessment, land cover determination, and tivei@BP
comparedo show trends in the aquatic ecosystem of the Monkey Rigan.ldéew factors measured

using the RBP showed significant trends with regard to human impact. Temperature, pH, fish, and algae
all showed trends with increasing human impacts. PCA showed that pH, specific conductivity, depth, and
riparian zone width weregmportant in determining differences among sites. Future studies including
continuous monitoring of land use and stream ecosystems may show evidence of how land affects streams
in Belize.

Keywords:biomonitoring, land cover classification, tropical stmeecology, Monkey River
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CHAPTER | 7 INTRODUCTION

Development and utilization of watershed bioassessment protocols requires an intimate
knowledge of broad scale components of biological communities and stream ecosystems. To
develop an effective consation plan, biological composition, phygal structurechemical
processesand land usenust be understood and appliedhe ecosystem as a whoBdological
assessment of aquasgstems has become inseparable from monitoring protocols associated
with stream health. Physiognomy is also linked to overall stream condition. The study of the
chemical constituents of a system can relate much information pertaining to that system. One
step towards understanding of these processes is to sanulpilgle streamsites with variable
characteristics. By measuring these characteristics and comparing tbewetopedstandards,
the creation of a rapid bioassessment protocol (R&FRhat areacan begin. The benefits of
RBPs are many and include c@stectiveness, wjck turnaround of results, environmentally
benign procedures, and the ability to visit several sit@ssingle field season (Barbaetral.
1999.

The history of RBPs in the United States be tracetb the move toward cleaner water
in the 1970sAmendments to the Federal Water Pollution Control Act (FWPCA) letVghe
Environmental Protection Agency (EPA) to set standards for discharges into the waterways of
the United States. EPA guidelines limited point source anebioant source pollution (McCall
2007). By the midl980s the need for cestnd timeeffective monitoring protocols was
realized, and the development of RBPs began (Barbtoair 1999). Protocols from states that
already monitored their streams were compiled ameintually monitoringorograms of three

levels (of varying intensity) were created (Barbetial. 1999).



In West Virginig the Save Our Stream@/{/ SOS) protocol is used for volunteer
bioassessment. There are th¥¢¥ SOS protocol levels. Level oV SOS protocol consists of
basc water quality analysis (usually including pH, temperature, and dissolved oxygen), standard
physical characterization (including substrate embeddedness, sediment deposition, bank stability,
riparian zone, and substrate composition using a Wolman pedloié) cbenthic
macroinvertebrate collection using a kick ,re@td macroinvertebrat&lentification (sorting and
family level identification). Advanced lev&/VSOS protocols include the same basic principles,
but the rigor with which each task is performsantensified. Water chemistry monitoring may
include pH, temperature, dissolved oxygen, nutrients, and metals. Physical characterization
includes all of the criteria aboweith the addition ofiffle frequency, attachment sites, velocity
and depth pattes, channel alteration and flow status, and vegetative protection on banks.
Benthic macroinvertebrates are collected and identified to family or genus level (US EPA 1997).
Level threeWVSOS surveys are basederP A6 s r api d bi oassessment pr
Anotherpart ofa multi-metric samplingpproachs the classification of land cover by
Landsat ETM+ satellite imagerWater chemistry can be greatly affected by land use (Peierls
al. 1991, Hunsaker and Levine 1995, Puckett 1995, Hovedréh 1996, Allanetal. 1997). Land
use also affects biotic components of rivers (Allan and Flecker 1993, Riataald$996). Allan
(2004) noteshatstreams are influenced by surrounding land use at multiple sBaieheret
al. (2007) describe the potential for upstneland cover to greatly influence hydrodynamic
processes downstream as part of what they called the land cover cascade.
Global rates of tropical deforestation have reachedy2armillion hectares per year
(Bruijnzeel 1996)The change from forest t@acultural or pastoral lands can lead to net loss of

carbon and nitrogen from soils (Murty 2001). Achatal.(2002) note that the rate of tropical



deforestation is 23% lower than generally accepitese rates are rising especially rapidly in
countries with high population and debt (Rudel and Roper 1996). Although Belize has the lowest
population density in Central America, its GDP is the loyBatckground Note: Belize 2009)

Since nitrogen and phosphorus are the limiting nutrients in most tropgtahss (Downinget al.

1999), changes from tropical forest to agricultural field must be monitored because these changes
can lead to @rophication in these systems.

Neotropical freshwater ecosystems are not steltlied In his review, Dudgeon (2000)
wrote that the biggest constraint to conservaiioiiese areas a current lack of information.
Unfortunately, the solution ta lack of knowledge about tropical aquatic systeswst as simple
as drawing direct correlations to what is known about teatpesystems (Lewis 1981ittle is
known about the relationship in the tropics between land use and stream condition éDaheto
2000).Many authors note the inadequate sampling of tropical systems and the paucity of peer
reviewed literature on the swdajt (Griffith 1976, Dudgeon 2000, Boultat al.2008).

It is known that tropical systems have a higher annual irradiance, more intense rainfall,
warmer water, and usually distinct wand dryseasons (Lewis 198Bpultonet al 2008).

Unlike temperatesystems, daily mean air temperatures vary by as little as geatenr the

tropics (Lewis 2008) whicloauses less variation in water temperature. Warmer water
temperatures may lead to less oxygen content available for metabolism (Lewis 2008). Tropical
bentic macroinvertebrates are not well known; identification below family level is difficult for
nonspeicalists (Jacobse al.2008). Nutrient loads (phosphorus and nitrogen) in tropical
systems can maintain sufficient biomass of autotrophs and may eigrisicantly different than
nutrient loads in temperate systems (Lewis 2008). These factors make the study of tropical

systems difficult but very important.



The Maya Mountain Marine Corridor (MMMC) is a one million acre corridor that
connects the Maya Matains to the Caribbean Sea. The Monkey River makes up one of six
major watersheds within the MMM(Esselmaret al. 2006) The Belize Center for
Environmental Studies (1990) and Programme for Belize (1995) list this as an area with high
potential for the peservation of biodiversity. Some of the current impacts on the Monkey River
watershed include commercial banana, mango and citrus cultivation, timber harvesting, and
aquaculture. Several villages and settlements also use the Monkey River watersheghfiamirr
of subsistence agriculture (crops and livestock), for subsistence fisheries, and for drinking and
cooking.

Many RBPs have been developed for temperate aquatic systems, but these cannot be used
as aguidewith which to measure tropical systems (LewWP87) Conservation in any area can be
impeded by a lack of knowledge (Dudgeon 2000). Since relatively little is known about tropical
aquatic ecology in general, and the MMMC specifically, this is an area that could greatly benefit
from studies that leaih RBP creation. Developing an RPB for the Monkey River watershed
would allow scientists and volunteers to actively protect this area of ecological importance.

This thesis does not intend to lead to the immediate creation of a rapid biomonitoring
protocolfor southern Belize. The specific questions of this study are: (1) What metrics best
describethe overall health/quality cftreans in the Monkey River watershe@nd (2) How does
directly neighboring and upstream landscape cover types affect heterpgdrstieans in that
watershe@ By answering these questions, one more step can be made toward understanding
some of the processes that influence aquatic system health in the Maya Mountains of Belize.
hypothesized that chemical parameters (pH and disdaxygen), physical characteristics

(substrate composition and depth/flow regimes), and benthic macroinvertebrate diversity will



give the most complete picture of stream conditiaiso think that increasing human impacts in

surrounding landscapes widlad to decreasing heterogeneity within the stream.

CHAPTER Il T LAND COVER CLASSIFICATION
Introduction

Remote sensing refers to the group of techniques for collecting information about an
object and the object s s urveophysichilycaptactinmigthe m a d i
object (Lo, 1986)Remote sensingan also be described as the measurement of reflected,
emitted, or backscattered el ectromagnetic radi
stationed at a distance from the siterdérest (Roughgardest al.1991, Wickland 1991).
Remotely sensed data can be used to a variety of ends, but very commonly these data are used in
the creation of a geographic information system (GIS) that can be easily used to display or
interpret the infomation contained within. A GIS can be any compitased system for the
input, storage, analysis, and display of spatial information (Hafloemget al 1993). Remote
sensing coupled with GIS is an important tool that can be used to address environmental
concerns associated with the growing human population on Earth including sustainability,
disease outbreak, and overall environmental health (Barrett and Curtis 197@t Rbi894).

Remotely sensed data are collected from sophisticated sensor urésettimamany
fashions. Scanner systems collect electromagnetic radiation in a variety of wavelengths and
frequencies (Lo 1986). A multispectral scanner system (MSS) is one that has been modified such
that it collects information in multiple spectral bamsiimultaneously. This muHband approach
has led to the development of a kind of analysis that identifies and interprets spectral signatures.

Spectral signatures are developed for unique features, and these signatures can be used to



differentiate betweefeatures (Lo 1986). Data collected from MSS can be used to separate land
cover or feature types such as water, soil, and many types of vegetation.

Land cover is an important variable that plays a role in the relationship between human
and physical environents (Foody 2002). Land cover has been called the single most important
variable of global change affecting ecological systems (Vitousek 1994). Land cover
classification (LCC) uses multivariate statistics to transform multispectral imagery into rasters
corntaining thematic categories. LCC has been performed at every scale from local to continental
based upon analysis of spectral signatures of various feature types (Nemani and Running 1997).
There are two pathways by which LCC can be achieved, and thesgareised or
unsupervised classification. Unsupervised classification defines feature types simply based on
spectral similarity. The benefit of unsupervised classification is that it can be performed without
ever visiting the area of interest. A downfallthis type of classification is that ground truth data
are lacking, and the resulting image may not be accurate. Supervised classification defines
feature types based on their spectral similarity to predefined classes. Supervised classification
requires mformation about the area in the form of ground truth data before the classification is
begun. Ground truth data are used to create spectral signatures for feature types of interest.
Another benefit to supervised classification is the production of a dgrain to quickly assess
the accuracy of the signature file. Dendrograms provide a clear, succinct summary of various
features of a mean similarity matrix (Van Sickle 1997). For both classification methods, software
calculates statistics for a set of ragtatasets (i.e. multiple bands from a multispectral image).

LCC does have limitations including inaccurate classification of imagery containing cloud cover.
Spectral signatures for some classes may remain very similar depending on which bands are

chosen foanalysis.



The goal of this project was to define various land cover classes for the Monkey River
watershed in the Toledo District in Belize, Central America based on multispectral and ground
truth data. A secondary goal was to determine overall peroemasition of those classes
nationwide and within the Monkey River watershed. Classes chosen were water, urban, pine
savannah, agriculture (banana and citrus), and broadleaf forest.

Methods
Study Area

The Monkey River watershed is a 1275%dasin inthe Toledo District ofsoutheastern
Belize Central Americalt is bordered to the west by the Maya Mountains and dmaiashe
Caribbean Sea to the eabhis watershed is part of the Maya Mountain Marine Corridor
(MMMC). The Monkey River basin represents #{-largest in Belize and thé@argest in the
Maya MountainsThe watershed isamed for thévlonkey River andit contains3 branches
(Bladen, Swasegnd Trio). Wherthe Monkey River enters the siéds a 6" order stream. The
headwaters of the MonkeRiver flow from undisturbed, and in some cases, virgin tropical
broadleaf forest. These headwaters are also protected by 3 contiguous national testees.
coastal plains region the rivers travel through anthropogenically influenced landscape types
including subsistence agriculture, commercial citrus and banana plantations and gravel mining.
Large portions of the coastal plains region remain undevel@egiman and Kjerfve 1999)

The Monkey River watershed receives >3000 mm of precipitation anntesityall
events are most common during the distinct wet season with little or no rain falling in the dry
season. The wet season occurs from July to October; during this time river discharges account
for ~84% of the annual total (Heyman and Kjerfve 1999 @ry season is characterized by

stable basélow conditions in the rivers.



The geologies of the headwaters of the Monkey River are composed of two distinct
groupings. The first, the Santa Rosa Group, is dominantly composed of sedimentary rock of
variousmetamorphic stages with some granite intrusions (Bateson and Hall 1977). This group
makes up roughly 80% of the total area of the Maya Mountains. Headwaters of the Swasey and
Trio Rivers drain these geologies. The second group consists of lavas andtadsaaicanic
sediments which adjoin areas of Cretaceous karstic limestone (Bateson and Hall 1977). This
group, the Bladen Volcanic Group, is uncharacteristic in the Maya Mountains and may confer
differences in sites located in the headwaters of the BIRde.

Satellite Imagery

| obtained remotely sensed raster data (Landsat ETM+) from 2004 through the
Biodiversity and Environmental Resource Data System of Belize (BERDS 2009). These data
were imported into ArcMap 9.2 (ESRI 2006used lands 4, 5 and,30.76- 0.90 um, 1.55
1.75 um, 0.6% 0.69 um, respective)yto create a false colmomposite image of the study area
(Fig. 2.1). This composite was used to differentiate between vegetation to classify land cover
types within the watershed. Band 4 gnefrared) showed high reflectance in healthy
vegetation. Band 5 (mithfrared)was used to assess moisture content of vegetdtios band
also contains agricultural information because of differences in soil moiBame. 3(red) was
used to distingish between vegetation types based on chlorophyll absorptitins 4, 5, 3 band
combination, inland lakes and streams were more easily identified.

Land Cover Classification

A supervised classification was performed using the multivariate packageMapi@.2.

First,| created a training site signature file. This file used ground truth data from several

locations in Belize sampled between April and May 2009 to describe 6 types of land cover



(water, urban, banana agriculture, citrus agriculture, savaanahbroadleaf forest). From this
signature file, multivariate statistics within ArcMap 9.2 determined average pixel values for each
land cover typel created a class dendrogram to visually interpret differences between classes.
Classes that are very e@together must be combined or a new signature file can be created to
produce more specific results. Based on the dendrogram anahgsisced the total number of
classes to 5, combining both agriculture typeserformed maximum likelihood classificamh on

the raster dataset using the signature file.

Results and Discussion

Supervised classification was performed for Belize (Fig. 2.2). Land cover was classified
as water, urban areas, pine savannah, agriculture, or broadleaf forest. Extractiotassthec:
raster for Belize led to the creation of the Monkey River watershed classified image (Fig. 2.3).
Percent cover for each class was also determined both for continental Belize and for the Monkey
River watershed (Table 2.1, Fig. 2.4).

The false cair composite (band 4, 5, 3) can be used to easily distinguish vegetation from
other feature types such as urban areas or water. Multiple vegetation types become more difficult
to separate, especially similar vegetation types as found in banana andlaittasgns.

Broadleaf forest separates from pine savannah and agriculture much more easily than the latter
two separate from each other. Broadleaf forest makes up a majority of land cover both in Belize
in general and in the Monkey River watershed spetlfiqTable 2.1, Fig. 2.4).

Interpretation of the initiatlass dendrogrant{g. 2.5) which contained both agriculture types
separately led to the combination of citrus and banana agriculture types into one class. Class
groupings with distance separatich were combinedJrban areas were close to banana farms

because of similar spectral signatures. This is probably because urban areas have mostly dirt or



gravel paving and thatch roof buildings. Citrus plantations were similar to savannahs because of
spase tree cover and lowland shrubifter banana plantations and citrus plantations were
combined for the overall LCC, the resulting dendrogram showed a mahdistinct separation

(Fig. 2.6). Differentiatingbetween agriculture types was not possiblénihis level of

classification.

For both the continental classification and the extracted Monkey River watershed, cloud
cover resulted in some misleading classification. For example, within the Monkey River
watershed the Bladen Nature Reserve compris@6,800 acres in the southwest headwaters of
the watershed. This reserve is pristine, undisturbed broadleaf forest. The raster shows some
urban, savannah, and agriculture land cover types within this region of the watershed. These
areas were misclassifie@tause of cloud cover in the original MSS d&mud cover could be
used as a potential classification type. Any areas classified as cloud could be removed from
further analysis. This may alleviate errors due to misclassification of feature types.

Classifcation errors often lead to the assumption that derived land cover maps are of
insufficient quality for many applications (Foody 2002). Derived niep& often been judged
against reference data sets showing disagreements between the two (Smedes aR6NCon
1991). Foody (2002) states that of all items depicted on maps, land cover changes most rapidly.
Even with the most recent multispectral data and with no classification errors, land cover
classification may be unreliable simply because of the rapedaf change. To strengthen land
cover classification maps, classification accuracy assessment is a widely accepted component of
these investigation€ongalton 1994, Merchant et al. 19@bhen and Justice 1999, Cihlar
2000,Justiceet al. 2000). Classidationaccuracy assessment was not available for this project

because of the lack of data available from the Forestry Department of Belize.
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Figure 2.1. False color composite (bands 4, 5, 3) of Belize from Landsat ETM+ taken in 2004.
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Figure 2.2. Supersed classification of Belize, Central America. This only depicts continental
Belize as the barrier islands were removed from analysis.
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Figure 2.3. Supervised classification of Monkey River watershed. Behind the clipped image is
the false color composit(2004 Landsat ETM+ 4, 5, 3) of therounding area. This composite

shows the effects of cloud cover (pink) on classification within Monkey River watershed.
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Figure 2.4 Comparison between land cover of continental Belize and Monkey River watershed
in southern Belize. Barrier islands and sea were removed from calculations.
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Figure 2.5. Initial dendrogram created using all six land cover types where class 1 = water,

2 = urban, 3 = savannah, 4 = banana agriculture, 5 = citrus agricaltukré, = broadleaf forest.

Low distance between classes 2 and 4 and between classes 3 and 5 led to the combination of
agriculture land cover types into one broad group.
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Figure 2.6. Final dendrogram created using combined agriculture land cover typelwhere
water, 2 = urban, 3 = savannah, 5 = agriculture, and 6 = broadleaf (oesbination of
agriculture types lead to more distance between classes. This resulted in more accurate

classification.
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Table 2.1. Comparison between land cover of
continenthBelize and Monkey River watershed
in southern Belize. Barrier islands and sea were
removed from calculations.

Land Cover Belize (%) Monkey River (%)

Water 1.8 1.4
Urban 7.5 3.3
Savannah 9.9 7.1
Agriculture 16.5 18.5
Forest 64.4 69.7
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CHAPTER I'll T STREAM CHARACTERISTICS
Introduction

Neotropical freshwater ecosystems are not steltlied In his review, Dudgeon (2000)
concludedhat the biggest constraint to conservation is a current lack of information.
Unfortunately, the solution to this i®has simple as drawing direct correlations to what is
known about temperate systems (Lewis 1987). Many authors note the inadequate sampling of
tropical systems and the paucity of peeviewed literature on the subject (Griffith 1976,
Dudgeon 2000)L.ittl e is known about the relationship in the tropics between land use and stream
condition (Ometeet al.2000). Human impacts on aquatic systems can be severe. Water
chemistry can be greatly affected by land use (Pe2¢ids 1991, Hunsaker and Levine 1995,
Puckett 1995, Howartat al. 1996, Allanet al.1997). Land use also affects biotic components of
rivers (Allan and Flecker 1993, Richarefsal. 1996). Allan (2004) notes streams are influenced
by surrounding land use at multiple scalgsrcheret al.(2007) describéhe potential for
upstream land cover to greatly influence hydrodynamic processes downstream as part of what
they called the land cover casca8e&udies within specific areas in the tropics could lead to a
broader understanding of processesopical ecology. The Maya Mountain Marine Corridor
(MMMC) is a region in southern Belize recognized for its high conservation value and potential
for preservation of biodiversity and critical habitats (BCES 1990, Heyahah1995,
Programme for Beliz&995).

The goal of this project was to characterize several sites within the Monkey River
watershed on the basis of chemical, physical, and biological components. These sites were
compared to one another, and site scores were compared to human impagt.iMpacts were

Expected Local Stress Intensity (ELSI) scores derfvath Esselman and Buck (2007).
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Methods
Studyarea

The Monkey River watershed is a 1275%pasin in southeastern Beligig. 3.1) It is
bordered to the west by the Maya Mountains araihdinto the Caribbean Sea to the edstis
watershed is part of the Maya Mountain Marine Corridor (MMMD2)e watershed isamed for
theMonkey River anatontaingts 3 branches (Bladen, Swasayd Trio). Wherthe Monkey
River enters the seétis a 6" order stream. The headwaters of the Monkey River flow from
undisturbed, and in some cases, virgin tropical broadleaf forest. These headwaters are also
protected by 3 contiguous national reserveshe coastal plains region the rivers travel through
anhopogenically influenced landscape types including subsistence agriculture, commercial
banana plantations and gravel mining. Large portions of the coastal plains region remain
undevelopedqHeyman and Kjerfve 1999)

The Monkey River watershed receives >300 of precipitation annually; rainfall
events are most common during the distinct wet season with little or no rain falling in the dry
season. The wet season occurs from July to October; during this time river discharges account
for ~84% of the annual tat(Heyman and Kjerfve 1999The dry season is characterized by
stable basélow conditions in the rivers.

A random sample of 30 sites was selected fraffiorder streams (Fig. 3.2). To do this,
four major rivers (Bladen, Monkey, Swasey, and Trio) thake up the watershed were
identified. Each major river was measured to determine its proportional length with regard to
total stream length within the watershed. Each river was subdivided into 1 km segments. Each
segment was numbered, and a random numéeerator was used to select a proportional

number of sites from each major river. Due to remoteness of upper river reaches, sites > 10 km
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from the nearest road were not included at the time of site selection. Sites were visited once
between April and Mag009 during basiow conditions.
Sampling methods

Sampling of chemical and physical characteristics was adapted from Esstlahan
(2006). Basic water chemistry including temperature, pH, dissolved oxygen and specific
conductivity was determined oncergample site using a Hach Senslon 156 portable
multiparameter meter. Water chemistry data were taken at the top of each study site at the
beginning of each sampling event. Each sample reach was approximately 200 m long. Along the
left descending bank obeh reach at 11 points spaced about 20 m apart, physical measurements
were recorded. These included wetted perimeter width, bankful width, canopy cover, canopy
height, and approximate width of riparian zone. All these data were measured using a Nikon
laserrange finder. Greatest possible riparian zone width was 18 m due to inability to accurately
measure greater distances. Atatbitrarily selected points along the sample reaeveral
physical criteria were recorded. Substrate particle type was redoydsze(Wentworth 1922
and depth was determined using a meter stick. This value was estimated for depths >1 m. Stream
velocity (m/s) was calculated at 60% depth using a MMsBirney FloMate.

At each arbitrary point several categorical scores werendgiweseveral metrics. These
scores were assessed using a snorkel mask and looking in four directions (upstream,
downstream, left, and righfit each pointFish abundance was scored using an ordinal metric
where 0 = no fish, 1 = one individual, 2 = <1@ividuals, 3 = 120 individuals and 4 = >20
individuals. Eactarbitrarypoint received a fish abundance score. Field identification of fishes
was also performed where possible to gather community composition information. All species

present could not beléntified and accounted for at any site. For these reasons, these generated
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data represent the common species within the assemBlaggack electrofishing was not used
because of gear limitations, and it is not aHowet techniqueAt each point, snails/ere also

scored using the same metric as alb@= no snails, 1 = one individual, 2 = <10 individuals, 3 =
10-20 individuals and 4 = >20Algae and macrophyte abundances were also recorded by visual
survey depending on percent coverage (0 = no alga&1D% coverage, 2 = 10% coverage,

3 = 2050% coverage and 4 = >50% coveradd)ese metrics were chosen to represent the
biological components of the river.

Benthic macroinvertebrates were collectgth the MACS protocol (Lenat 1988ising a
0.25m?kick net at 8 sites per reach. Kicks were performed at different habitat types based on
proportion of that habitat type within the reaéfl. specimens were preserved in approximately
70% alcoholBenthic macroinvertebrates were identified to familyelavsingMerrit and
Cummins (199Y. Several metriscores weredetermined for each sample reacbludingtotal
taxa, EPT taxa, biotic abundance, percent EPT, percent dominant, percent tolerant, percent
chironomidae, and percent hydropsychidae.

The US EPAapid bioassessment protocol (RBP) for wadeable streams was used to give
individual categorical scores aadcomposite score for each site (Barbeual. 1999).
Categories included epifaunal substrate cover, pool substrate, pool variability, sediment
depaition, channel flow status, channel alteration, channel sinuosity, bank stability, bank
vegetation, and riparian zone width. Scores freB0lwere given for each category and all
categories were summed for a final sc@dfig. 3.3)
GIS Analysis

For eachite images were createdth ArcMap 9.2 (ESRI 2006) using inverse distance

weighting (IDW) for each recorded characterisiizW is a technique that interpolates a surface
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based on known points. Any unknown points on the raster are calculated usingnatutse
16 nearest neighbor valu@sg. 3.4) Algae, depth, fish, macrophytes, snails, substrate, and
velocity measurements were used to create these IDWs. A mask was created for each reach using
wetted perimeter width from each of the 11 points taketheneft descending bank. The mask
was used to clip each IDW to show only those interpolated values within the sample reach.
IDWs from two randomly selected sites were compared to show trends (i.e. depth versus
velocity, fish abundance versus substrate,).eBoolean logic was applied to show correlations
between categorical variables at each of these sites. Any areas where scores overlapped between
the two compared rasters received a 1 where areas that did not have overlapping scores received
a 0. All aeas with a 1 were considered a match. Percentage of matching data for each
comparison was calculated to show strength of correlation between compared data types.
Statistical Analysis

Mean values (¢&¢) for all data recorded for
was also calculated for each variat8gatial heterogeneity was measured by determining
coefficient of variation (¢. Changesn mean could be seen by calculagtiy. Means were
calculated for all data that fell into each human impact score category for each variable (i.e. all
substrate scores that fell into O impact scorgggs were given human impact scores based on
expected local stress intensity (ELSI) se(Fig 3.5).Mean and ¢were tested against ELSI
human impact scores using regression analiysihis way, @tterns in strearnomposition and
heterogeneity were tested against human img&ghificance was determinedm& 0.1 because
of the low nunber of dependent variable (ELSI score) categories.

Principle components analysis (PCA) was performed ogoldginsformed mean values

to show any correlations within sampled ddé& Braak 1987)This analysis attempts to reduce
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the degree of duplicain or correlation in a dataset by finding highly correlated combinations of
factors. Each combination is called a component. These components are represented in the two
axes of the PCA output. Any sites which are grouped closely together are similegasvbites

which are far apart are relatively dissimilar. Factors are represented by lines in the PCA
ordination. The line length is a measure of importance of the value. The line direction also can be
used to draw conclusions based on where sites arevediathe line. PCA was performedsing

e for all me a s u r éndudimgatemipeaatute gpbl, sEetific @oadactivitys depthe
bankful width, wetted perimeter width, velocity, macrophyte abundance, algae abundance,
riparian zone width, snail abundance, fish abundance, sub&&fescore, and canopy height

A logao) transformation was used because of the large range of values especially with regard to
water chemistry datdollow up ttests were used to determine statistically significant

differences between variables basedinalysis of PCA.

Backward stepwise linear regressi@malytical Software 2000\as also used for model
selection. This technique uses all collected data to draw correlations. All data are tested against a
dependent variable. In the first round, any dhatt do not show a significant trend are removed.

The second round starts without data that have been rembyaih, data that are not significant

are removed. This continues until only significant data remain. In this case, ELSI score was the
dependentariable. Independent variables were algae abundance, bank stability, bank vegetation,
bankful width, channel alteration, channel flow, channel sinuosity, canopy height, distance from
the mouth, depth, epifaunal substrate, fish, macrphyte abundance, rafripéiemeroptera,
Plecoptera, and Tricoptera (EPT) taxa, total taxa, percent Chironomidae, percent EPT, percent

Hydropsychidae, percent dominant taxa, percent tolerant taxa, overall macroinvertebrate score,
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pool substrate, pool variability, RBP score, ripa zone, sediment deposition, snail abundance,
specific conductivity, temperature, pH, substrate, velocity, and wetted perimeter width.
Results
GIS Analysis

Inverse distance weighting was performed for all data at eaclssgagpendix A
Boolean logc was applied to test if any correlations existed between measured and categorical
dat a. Reclassified images were compared using
compared rasters that had the same Arad &g otrh atal
unequal categori cal scores were Ano match. o /
against snail score or fish scptieere was less than 1% matched data (Table 3.1) When
macrophyte score was compared to snail score,theseonly 068% match; when macrophyte
score was compared with fishose there was a > 90% correlation (Table 3.1). For BO7 site,
algae scores were compared against snails scores showing less than 1% correlation between
categorical scores (Table 3.2). Macrophyterss were compared against fish scores with less
than 2% correlation between scores (Table 3.2). Algae scores were compared against fish scores
with a 43.69% correlation (Table 3.2). Macrophyte scores were compared against snail scores
showing greater tha®0% correlation between scores and categories (Table 3.2). Please see
Appendix Aor all figures.
Statistical Analysis

Linear regression analysis of mean values for all measured variables tested against ELSI
scores showed some trends in the data. Wamistry data had variable fit to linear trend lines.
There were no significant trends in specific conductivity or dissolved oxygen. Both shbwed

0.2 andp > 0.4 with values appearing to decrease as human impact increased. Temperature
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increasedrf = 0.66,p = 0.09) and pH decreased € 0.65,p = 0.09) as human impact increased.
There were also negative trends in fish abundarfce @.68,p = 0.08) and algae{= 0.80,p =

0.04). RBP scores showed a weak trend toward decreasing scores as humaimargzsedrf

= 0.50,p = 0.18). Benthic macroinvertebrates from each site were identified to family level, and
sites were saed using the WVSOS index (sAppendix B. These data were also used for
regression analysis. Using a quadratic trend life 0.83), WVSOS scores showed anbodal

best fit with lowest scores at sites where human impact scores were 2. Using Pearson product
moment critical values table, this value was significamta0.1 (3 d.f.). Means for other
measured and categorical datwed either no linear trend or very weak downward trends as
human impact scores increased. For theserdatf.50 andp > 0.2.

Coefficient of variation was also plotted against human impact scores to show trends in
variation versus impact. No variablbad statistically significant relationships. Linear regression
of variation in algae, snails, and depth versus ELSI score showed weak tfen008, 0.32,
and 0.35 respectively) with algae and depth seeming to decrease and snails seeming to increase
as impact scores increased. Variation in velocity showed a linear fit against infpa6t&0)
decreasing as ELSI score increased. Variation in substrate and fish score showedlHit
(r*=0.56 and 0.59, respectively) increasing toward ELSI soof@ and 3 and decreasing at
either end. Variation in macrophyte score had the best fit 0.71) decreasing as impact
increased, although it was also not statistically significant.

Specific conductivity and pH were important in describing spatialrbgeneity at all
sampled sitebased orprinciple components analysis (PCRjiparian zonevidth, fish score

snailscore RBP scoregand canopy height were other important factors in determining
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similarities and differences between sites. Groups of sarepthegSwasey group and Bladen
group)were also apparent based on PC&( 34).
Discussion

Two sites were randomly chosen to compare categorical scores between categories (i.e.
macrophyte versus fish, algae versus snails) and to demonstrate theapdgl i on of Aequal
too.lIshowed that by using fAequal toodo in the ArcN
compared between rasters that were created for a site. Comparisons using this tool for rasters at
BO7 site showed very weak correlation amongneaategories (algae versus snails, macrophyte
versus fish) but very strong relationships between others (macrophyte versus snails). These
relationships reflect the variability of scores at BO7 site. At BO4lsiieg hl v fAmat chedo d
only found in tke macrophyte versus fish comparison. All other comparisons at BO4 site showed
> 99% Ano matcho data. This suggests that whil
tool, they must be compared on a ditesite basisThe benefit of this method ibat the data are
spatially explicit. Fish could be related to algae at a particular place, and other influencing
factors at that location could be further studied. This would allow researchers to study
relationships betweemerbivory of algae by fish atlacal scale while understanding spatial
relationships between these factors.

Linear regression analysis of mean versus ELSI score showed that some categories had
significant trends when compared to human impact score. Water temperature increased and pH
decreased as ELSI score increased. Water chemistry is known to be affected by human impacts
(Peierlset al. 1991, Hunsaker and Levine 1995, Puckett 1995, Hovetréh 1996, Allanet al.

1997), however some argue that resource management is too focusattoonhgmistry (Karr

1995).1t is also known that biotic factors are influenced by anthropogenic impacts (Allan and
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Flecker 1993, Richardst al.1996). In this study,i$h and algae abundance both decreased as
impact increasearr and Chu (2000) condie that biotic indicators may be more valuable
because they can integrate many physiochemical factors over long periods of time. These trends
show thathuman actions influence both stream chemistry and biotic compaosition.

Linear regression analysis af@gainst human impact scores showed that there were no
statistically significant trends between ELSI score and variation in any measured variable.
Variation in some categories seemed to have-fitdllend lines (velocity, depth, and substrate),
but nop-values were < 0.1. In other categoridgere were no apparent trends. Although it is
known that human disturbances can affect both water chemistry (Reiatl$4991, Hunsaker
and Levine 1995, Puckett 1995, Howaethal 1996, Allanet al.1997) and biadgy within a
stream (Allan and Flecker 1993, Richaedsl.1996), this study does not support that overall
variation within a stream is positively or negatively influenced by impact.

Depth was one of the most important factors determining similaritie sléferences
among sites (Fig 3.3). Even in relatively pristine watersheds, stream diversions can result in
decreased flow velocity and water depth, reducing habitat availability (Brasher 2003). Although
water temperature was not one of the most impoftartors from PCA for mean site data, some
sites seemed to separate from one another based on this variable. Sites on Swasey Branch (S01,
S02, S03, S07) clustered opposite to a group of sites from Bladen Branch (B0O1, B02, BO3, B04)
with regard to temperate and algae. Temperature data were not significantly different between
Swasey and Bladen sitgs£ 0.49), but algae scores were with higher algae scores at Bladen
sites p = 0.09). There were significantly higher ELSI scores at the Swaseys#ed.(l). It is
known that stream temperature is affected by modified riparian vegetation and channel

morphology (Poole and Berman 2001). Riparian vegetation and canopy height were not
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significantly different at the Swasey or Bladen sifes 0.35, 0.69). Thereere no significant
differences between Swasey or Bladen sites with regard to channel flow, sinuosity, or alteration.
The increase in temperature could be the result of other influences.

The analysis using backward stepwise linear regression showexh#matel sinuosity,
percent tolerant taxa (macroinvertebrates), and riparian zone width produced the best model:

Impact = 4.41 + 0.15(channel sinuosity).01(percent tolerant taxd)0.65(riparian zone)

The overallr? = 0.91 for this model. This & very good fit for the data. Channel sinuosity may
be affected by site distance to the mouth of the river, however ELSI scores were not related to
distance. The analysis of macroinvertebrate communities is still an important step in determining
overall steam health. Riparian zone width also plays an important role in the final model.

It is not completely supported by this work, but it is known that human actions disrupt
vital processes that maintain rivers and their associated biota and frequentty hedddt that is
degraded and less heterogeneous (Allan 2004). There were significant trends in temperature, pH,
algae, and fish when plotted against ELSI scores. These were also some of the factors that were
most important in describing variation basedRCA. However, there were no significant trends

in variation in stream properties versus human impact.
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Figure 3.1. Political boundaries of Belize showing Monkey River watershed outlined in blue.
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Figure 3.2. Map showing study sites within the Monkever watershed. Sites sampled are
indicated in blue. Sites not sampled are indicated in red.
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Hahitat
Parameter

Condition Category

Optimal

Suboptimal

Marginal

Poor

1. Epifaunal
Substrate/
Available Cover

5, Channel Flow
Status

SCORE

Greater than 70%: of
substrate favorable for
epifaunal colonization and
fish cover; mix of mags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (1e., legssnags
that are not new fall and
not ransient).

40-70%: mix of stable
habatat: well-suited for
fiall colonization potential;
adeguate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
vet prepared for
colonization (may rate at
high end of scale).

20-40% mux of stable

habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 20% stable
habitat; lack of habitat 13
cbvious; substrate
unstable or lacking.

Water reaches base of
both lower banks, and
minimal amount of
channel substrate iz
exposed.

Water fills =75% of the
available chamnel; or
=23% of channel
substrate 15 exposed.

SCORE 0 19 18 17 16 15 14 13 12 11 0 92 8 7 6 3 4 3 2 10
Y __________________________________________________|]
S Gravel, cobble, and Gravel, cobble, and Gravel, cobble, and Gravel, cobble, and
¢ | 1, Embeddedness boulder particles ars 0- boulder particles are 25- | boulder particles are 30- | boulder particles are more
& 25% surrounded by fine | 30% surrounded by fine | 73% surrounded by fine | than 73% swrrounded by
= sediment. Layenng of sediment. sediment. fine sediment.
£ cobble provides diversity
z of niche space.
—; SCORE 20 19 18 17 16 15 14 13 12 1 0 ¢ 8 7 6 5 4 3 2 10
. ___________________________ ___________________________|
= Al four velocity/depth Omly 3 of the 4 regimes Only 2 of the 4 habitat Dominated by 1 velocity
z | 3. Velocity/Depth regimes present (slow- present {if fast-shallow is | regimes present (if fast- depth regime (usually
2 | Regime deep, slow-shallow, fast- | mussing, score lower than | shallow or slow-shallow | slow-deep).
= deep, fast-shallow). if nussing other regimes). | are nussing, scors low).
n (Slow s =03 ms, deep s
& = 0.5 m.)
"-E SCORE 0 19 18 17 16 15 14 13 12 11 0 92 8 7 6 3 4 3 2 10
. ______________________________________ ______________ |
- Little or ne enlargement | Some new merease i bar | Moderate deposition of Heavy deposits of fine
4. Sediment of 1slands or point bars formation, mestly from new gravel, sand or fine material, increased bar
Deposition and less than 3% of the gravel, sand or fine sediment on old and new | development; mers than
bottom affected by sediment; 5-30% of the bars; 30-50% of the 50% of the bottom
sediment deposition. bottom affected; shght bottom affected; sediment | changing frequently:
deposition in pools. deposits at obstructions, | pools almost absent due to
constrictions, and bends: | substantial sediment
moderate deposition of depostion.
pools prevalent.
SCORE 20 19 18 17 16 15 14 13 12 11 10 9 88 7 6 5 4 3 2 1 0

Water fills 23-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Wery little water in
channel and mostly
present as standing pools.

0 19 18 17 16

0 9 8 7 6

Figure 3.3. US EPA rapid bioassessment protocol worksheet for wadeable streams.
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7. Frequency of
Riffles (or bends)

SCORE

8. Bank Stability
{seore each bank)

Iote: detenmune left
or right side by
facing dovmstream,
SCORE_ (LB}
SCORE_ (RB)

pmeters to be evaluated broader than sampling reach

9. Vegetative
c | Protection (scare
& | each bank)

SCORE__ (LB)
SCORE _ (RE)

10, Riparian
Vegetative Zone
Width (scove each

bank ripanan zone)

SCORE__ (LB)

SCORE (RB)

Oeoumence of riffles
relatrvely frequent; ratio
of distancs batween rifflas
dividad by width of the
stream <7:]1 (zenerally 5
to T); vanety of habitat 15
key. In streams where
nffles are continuons,
placement of boulders or
other large, natumzl
obstmetion s muportant.

Oeoumence of nffles
fregquent; distznce
batween nffles dividad by
tha width of the stream iz
betwean 7 to 15,

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
6. Channel Chanmelization or Somme chammelzation Channelization may be Banks shored with gabion
Alteration dredging absant ar present, usuzlly in areas | extensive; smbankments | or cement; over 80% of
moirral; seam with of ridze abuiments; or shoring structures the stream reach
normal pattem. evidence of past present on both banks; chamelized and
chamelization, Le., and 40 to 80% of stream. | dismupted. Instream
dredzing, {greater than reach chamelized and habutat greatly altered or
past 20 37) may be dismupted. removed entoely.
presant, but recent
chamelization 15 not
presant
SCORE 20 19 18 17 16| 15 14 13 12 11 M 9 8§ 7 & 5 4 3 210

Oecastonzl viffle or bend;
bottom contouwrs provide
some habitat; distancs
betwaen nffles dmided by
tha width of the stream 15
between 15 to 25,

Gemerzlly all flat water or
shallorw niffles; poor
habitat; distance batween
1iffles divided by the
width of the sheam 15 2
1atio of =15,

20 19 18 17 16

Banks stable; evidence of
arosion or bank failue
absent o murommal; hitle

potential for frtue

IModerately stable;
infraguent, small areas of
arosion mostly healed
over. 5-30% of bank m

I 9 8 7 &
Moderately unstable; 30-
50% of bank in reach has
araas of evosion; high
arosion potential dumg

Tnstzble; moany eroded
areas; "raw” aveas
fraquent along straight
sactions and bands;

problems. <5% of bank | reach has areas of erosion. | floeds. obvious bank slonghing;

affectad. 60-100%: of bank has
arosionzl scars,

Left Bank 10 9 3 7 [ 5 1 3 2 1 0

Fight Bank 10 9 3 T 5 4 3 o 1 0

More than 90%: of the T0-90% of tha 50-70% of the Less than 50% of the

streambank swfaces and
mumediate Hpaian zone
covered by mative
vegatation, including
treas, mndarstoay shiubs,
or nowwoody
macroplytes; vegetatve
desmuption throngh
EIEFing or Mowing
nnmineal o not evident;

streambank swfaces
coverad by matie
vegatation, but ona class
of plants 15 net well-
represanted; disnpiion
evident but net affecting
full plant growth potental
o a1y great extent; more
than one-half of the
potential plat stubble

sheambank swfaces
covered by vegetaton;
distuption obvious;
patches of bare soil or
closely cropped vezatation
common; less than one-
half of the potential plant
stubble height ramanumeg.

streambank swfaces
coverad by vegetaton;
dismuption of streambank
vegatation s very high;
vezatation has been
removed to

5 centimetars or less m
average stabbla heiglt.

almost all plants allowed | height remaimng.

to grow nanwrally.

Left Bank 10 9 3 T [ 3 4 3 X 1 0
Fizht Bank 10 9 3 7 [ 5 1 3 2 1 0

Width of npanan zone

18 maters; lniman
activities {L.e., parking
lots, roadbeds, clear-cuts,
lawms, or crops) have not
impactad Zons.

Width of npanan zone
12-18 meters; luman
activities have impactad
zome only minimally.

Width of npanan zone &-
12 meters; luman
activities have impactad
zoma a great deal

Width of npanan rone <25
mmeters: liftls or ne
1iparian vegatation dus to
Immam activities.

Left Bank 10 9 i 7 i 3 4 3 e 0
Fizht Bank 10 9 3 i [ 5 4 3 2 0

Figure 3.3 (cont.). US EPA rapid bioassessment protocol worksheetdeablae streams.

32



LY
Y -
A .
* -
-
-
* .
-
e Legend .
* .
. " «  BO8Bo . .
L d *
I Fines @,
- *
: L[ sene . )
Gravel
[ cobble
Legend Meters - Soulder Meters
¢ BO8Bio 01020 40 60 80 I Becrock 0102 40 60 80

Figure 3.4. Explanation of inverse distance weighting (IDW) process. A. Map of B0O8 site
showing arbitrary sample locations. Each location received a categorical substrate score. B. Map
of BO8 site showing interpolated substredster created from IDW of collected scores.
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Figure 3.5. Expected local stress intensity score map (Esselman and BuckQ@0a@). scores
were acombiration of thermal alteration, habitat alteration, flow alteration, contaminants,
nutrient loadingand sedimentation scores.
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Table 3.1. Comparison of categorical scores from B04
site. Ithen logic was applied to test for correlations
between categorical scores and various categories.

No Match Match
Algae/Snalils 99.76 0.24
Macro/Fish 3.55 96.45
Algae/Fish 99.97 0.03
Macro/Snails 99.32 0.68

Table 3.2 Comparison of categorical scores from B0O7
site. IFthen logic was applied togefor correlations
between categorical scores and various categories.

No Match Match
Algae/Snails 99.87 0.13
Macro/Fish 98.65 1.35
Algae/Fish 56.31 43.69
Macro/Snails 5.15 94.85
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CHAPTER IV T DISCUSSION AND CONCLUSION

Systems can be studied re@ly with data logging instruments. These instruments can
collect data from afar and transmit data directly to researdhessed remotely sensed ddtam
Landsat ETM+o describe landscape features for the country of Beéliz@rrowed our study
area tahe Monkey River basin in the Toledo district in the southern part of the coBumtry.
looking at these datand the processed resuligained a better understanding of the make up of
the country and the watershddhe Monkey River watershed is very slamiin land cover type
and percent composition to the rest of the country of Belize. The Monkey River watershed has
slightly higher forest cover and slightly lower urban area cover than the rest of the country.
Aquatics can also be studied in the fieldt®eollection can take place within the stream.
applied these concepts for this project, as well. Important features within the wateesbed
revealedandsignificanttrends with regard to current human impacts were identified.major
components ofhe model created using backward stepwise linear regression were channel
sinuosity, percent tolerant taxa, and riparian zone width. These factors indicate that streams need
to be studied on different levels. The landscape surrounding a stream and tlents geithin it
play important roles in determining overall healthlso looked toward correlations between
categorical scores by comparing rasters using digital image proceBsiaghesisexamined
stream ecology on a landscape scale with reljneegdand satellite imagery as well asa
much smaller scale with water chistny and stream morphometrics. Through this stlidy
gained better idea of the overall condition of the Monkey River watershed.

Streams are uniquely tied to the surrounding lanussaChanges in landscape or land
use can lead to drastibanges in overall stream processdag 2004, Burcheet al. 2007).

Water chemistry can be influencbkd surrounding land cover changea variety of scales aimal
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a variety of ways includingitrification, reduced oxygergndincreased turbidityReierlset al.
1991, Hunsaker and Levine 1995, Puckett 1995, Hoverdéhh 1996, Allanet al. 1997).

Biological components can also be chanded to changes in land use withiwatershedAllan
and Fecker 1993, Richardst al.1996. The land cover for the Monkey River basin is very
similar to that of the rest of Belize. In Chapter Isee thabverall percent covefor each
identified type (water, urban, agriculture, savannah, and forest) Mahkey River watershed
was comparable to the percent cover for each of those types in the cmiatviiole (Table
2.1).Although the land cover for the whole watershed seems to be similar to the rest of the
country, portions of the watershed are at higiek from human impacts. Some sections of the
watershed appear to have more overall areas of potential human impacts from commercial citrus
and banana cultivation.

Sections of the Monkey River watershed that are alraétdyedby heavy anthropogenic
impacts may be at greater risk in the future if these practices corfinube Swasey Brangch
there appeared to be a higher percentage of agricultural land cover when compared to the Bladen
Branch (Fig. 2.3). This higamount of land withinhe Swaseranch subwatershed that is
impacted by commercial agricultuneay lead to an unhealthy stream conditimm both a
chemical and biological standpaifthis could be the result of eutrophication, a decrease in
dissolved oxygen, or an increase in turbiditiiere weralsosignificantly higher ELShuman
impactscores at the Swas8yanchsitescompared to Bladen Branch si{gs< 0.01) These
factorsmay becaused bynthropogenichanges in the landscaged mayplay a rok in the
overall stream health.

Resarch within the streams that make up the Monkey River showed that only some

parameters were significantly influenced by human impacts based on the ELSI scoring system.

38



Temperature and pH were the only two measured water chemistry variables that showed a
significant trend with regard to human impact scores. Temperature increased and pH decreased
as human impact increasgzteChapter Ill). Thesedifferenceamaybe explained bylecreases

in riparian vegetatiothat isusually associated with human disturban&ole and Berman

2001). Water chemistry is not the only factor influenced by human impacts. Biological
components of stream ecosystems are also affected by human impacts (Allan and Flecker 1993,
Richardset al. 1996). Karr (1995) argues that more comceeeds to be placed on monitoring
stream biology. Biological monitorinig valuable because biotic indicators integrate
physiochemical factors ovéroadtemporal scales (Karr and Chu 2000). In this study, fish and
algae significantly decreased as huntapacts increased. Thetudy supportthat some

biological criteria are influenced by human impagtsman actions also disrupt vital processes

that maintain ners and their associated bipgandthese actions aldoequently lead tdabitat

that is degrded and less heterogeneous (Allan 2004k original hypothesis that variation

within streamsvould be negativelynfluenced by human impacts was not supported by this
project. There were no significant trends in variatioeasured as a coefficient ofriation)

with regard to ELSI score.

One important digital image processing tool was developed and ufitizeaisters
createdor this projectUsing this process$,wasable to show where our categorical scores for
algae or macrophytes matched categdrscores for fish or snail®ur comparison process was
tested at two randomly selected sifBise outcomegave us an idea of whether or not there were
relationshipsor correlationsn plant and animal abundance at a given site. Although some site
comparsons showed high levels of matched data, others did hethighest level of matched

data came from a comparison of score from macrophytes to scores from fish from B04 site on
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the Bladen Branch (Fig. 3.2). The lowest match also came from this site yaldesh).It would
appear that this comparistechniquemust be used on a siby-siteand categorypy-category
basis. Thigrocessingool would only be applicable where themehighly matched categorical
scoresat a given siteWhere applicabldjowever, it could be showty using this toothat fewer
parameters need to be measured to derive an accurate picture of plant or animal abundance.

An important study for the future may be to track changes in land eoddand use
practices over time. Thigpcess could easily be accomplished by obtaining a series of remotely
sensed data from multiple years both from the past and from future recordings. Additional series
of ground truth data from the area would also be necessary to create accurate depiletiahs
use in the future. Another way to improve future studies would be to obtain remotely sensed data
with higher spatial resolution. This would allow for a more accurate classification of land cover
types.It is known that changes in land use practites grasslands to agricultural or pastoral
lands can change mapyocesses within a stream (Murty 2001). By monitoring both the
landscape changes and "uiatic system at the same time, a better understanding of this
connection could be constructértinuous monitoring at sample stations on each branch,
along with additional monitoring of changes in land use practices, will ultimately lead to a better
understanding of the processes and relationships between land use and aquatic ecosystems within

this watershed.
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APPENDIX AT GIS IMAGES
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Figure 1. Inverse distance weighting (IDW) image of variation in algae cover where 0 = no
algae, 1 = <10% coverage, 2 =20% coverage, 3 = 280% coverage and 4 = >50% coverage
at BO1 site on the Bladen Branch of the Monkey River.
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Figure 2. Inverse distance weighting (IDW) image of variation in depth at BO1 site on the Bladen
Branch of the Monkey River.
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Figure 3. Inverse distance weighting (IDW) image of variation in fish dénoce where 0 = no
fish, 1 = 1 individual, 2 = <10 individuals, 3 =D individuals and 4 = >20 individuals at BO1
site on the Bladen Branch of the Monkey River.
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Figure 4. Inverse distance weighting (IDW) image of variation in macrophyte cover where 0
no macrophytes, 1 = <10% coverage, 2 22006 coverage, 3 = 280% coverage and 4 = >50%
coverage at BO1 site on the Bladen Branch of the Monkey River.
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Figure 5. Inverse distance weighting (IDW) image of variation in snail abundance where 0 = no
snails 1 = 1 individual, 2 = <10 individuals, 3 = 4D individuals and 4 = >20 individuals at
BO1 site on the Bladen Branch of the Monkey River.
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Figure 6. Inverse distance weighting (IDW) image of variation in substrate type at BO1 site on
the Bladen Brancbf the Monkey River.
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Figure 7. Inverse distance weighting (IDW) image of variation in velocity at BO1 site on the
Bladen Branch of the Monkey River.
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Figure 8. Inverse distance weighting (IDW) image of variation in algae cover where 0 = no
algae, 1 = €0% coverage, 2 = 1P0% coverage, 3 = 280% coverage and 4 = >50% coverage
at BO2 site on the Bladen Branch of the Monkey River.
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Figure 9. Inverse distance weighting (IDW) image of variation in depth at BO2 site on the Bladen
Branch of the Monkey River
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Figure 10. Inverse distance weighting (IDW) image of variation in fish abundance where 0 = no
fish, 1 = 1 individual, 2 = <10 individuals, 3 =D individuals and 4 = >20 individuals at BO2
site on the Bladen Branch of the Monkey River.
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Figure 11.Inverse distance weighting (IDW) image of variation in macrophyte cover where 0 =
no macrophytes, 1 = <10% coverage, 2 22006 coverage, 3 = 280% coverage and 4 = >50%
coverage at BO2 site on the Bladen Branch of the Monkey River.
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Figure 12. Inverseidtance weighting (IDW) image of variation in snail abundance where 0 = no
snails, 1 = 1 individual, 2 = <10 individuals, 3 =20 individuals and 4 = >20 individuals at
B02 site on the Bladen Branch of the Monkey River.
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Figure 13. Inverse distance igybting (IDW) image of variation in substrate type at BO2 site on
the Bladen Branch of the Monkey River.
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Figure 14. Inverse distance weighting (IDW) image of variation in velocity at BO2 site on the
Bladen Branch of the Monkey River.
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Figure 15. Inversdistance weighting (IDW) image of variation in algae cover where 0 = no
algae, 1 = <10% coverage, 2 =20% coverage, 3 = 280% coverage and 4 = >50% coverage
at BO3 site on the Bladen Branch of the Monkey River.
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Figure 16. Inverse distance weightifi@W) image of variation in depth at BO3 site on the
Bladen Branch of the Monkey River.
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Figure 17. Inverse distance weighting (IDW) image of variation in fish abundance where 0 = no
fish, 1 = 1 individual, 2 = <10 individuals, 3 =D individuals and = >20 individuals at BO3
site on the Bladen Branch of the Monkey River.
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Figure 18. Inverse distance weighting (IDW) image of variation in macrophyte cover where 0 =
no macrophytes, 1 = <10% coverage, 2 22006 coverage, 3 = 280% coverage and 4 = 8%
coverage at BO3 site on the Bladen Branch of the Monkey River.

58



Legend
B03 Snails

[ — | Meters

| B 01020 40 60 80

Figure 19. Inverse distance weighting (IDW) image of variation in snail abundance where 0 = no
snails, 1 = 1 individual, 2 = <10 individuals, 3 =20 individuals and 4 = >20 individuads
BO3 site on the Bladen Branch of the Monkey River.
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Figure 20. Inverse distance weighting (IDW) image of variation in substrate type at BO3 site on
the Bladen Branch of the Monkey River.
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Figure 21. Inverse distance weighting (IDW) image of variaithovelocity at BO3 site on the
Bladen Branch of the Monkey River.
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Figure 22Inverse distance weighting (IDW) image of variation in algae cover where 0 = no
algae, 1 = <10% coverage, 2 =20% coverage, 3 = 280% coverage and 4 = >50% coverage
at BO4site on the Bladen Branch of the Monkey River.
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Figure 23. Inverse distance weighting (IDW) image of variation in depth at BO4 site on the
Bladen Branch of the Monkey River.
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Figure 24. Inverse distance weighting (IDW) image of variation in fish abuedahere 0 = no
fish, 1 = 1 individual, 2 = <10 individuals, 3 =D individuals and 4 = >20 individuals at BO4
site on the Bladen Branch of the Monkey River.
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Legend
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Figure 25. Inverse distance weighting (IDW) image of variation in macrophyte cover where 0 =
no macrophytes, 1 = <10% coverage, 2 =2006 coverage, 3 = 280% coverage and 4 = >50%
coverage at BO4 site on the Bladen Branch of the Monkey River.
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Legend
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Figure 26. Inverse distance weighting (IDW) image of variation in snail abundance where 0 = no
snails,1 = 1 individual, 2 = <10 individuals, 3 = 4D individuals and 4 = >20 individuals at
B04 site on the Bladen Branch of the Monkey River.
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Figure 27. Inverse distance weighting (IDW) image of variation in substrate type at BO4 site on
the Bladen Brancbf the Monkey River.
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