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INTRODUCTTON

Tropical rainforests are among the mosL diverse and

bi-o1ogica11y rich ecosystems on earLh. These vibrant forest

cont.ain half of all the known plants and anj-maIs on eart.h.

Healthy t.ropical forest play a major role in:ie reguiatton oI

the oxygen/carbon dioxide cycle, in the recyciing of nutrients

t.hat nourish life, in st.abilizing ozone deplet ion, and j-n

controlling the greenhouse effect. Clearly, these ecologicat

havens are vi-taf to ar.1 rifeforms considering their contributr-ons

to our earths fiverihood. currently, only half of these forescs

remain int.act. It is a frightening realization that by the year

2000, less Lha., !/4 of E.ropical forests will ::emain with currenr

Erends of environmentaL desEruction. (Marl-in, 95)

f was drawn to st.udy in Belize because of iEs tropical

forest that remain relatively intacL in compat-:sc:- :o mar),

developing nations in t.he tropics. In oartic.rilar, I was drawn tc

BFREE (Bel-ize Foundat.ion for Research and EnrrtronrTrentai

Educaticn) (see map 1). This i15i a.t.e c:l-:el --i -arj .,.,.rs secured

by Jacotr and Kelly Iqarlin in JanuaIi. 1995 ?e r-: ire d arlnq tite

tsIacien River, BFREE is bordereC br,,

(BNR) , C:ckscorlb Wrldl- i.r,: -i.r:tc,LLL.llr-. il.i\'.i l:.rr::: :i:-. :,-r.-:r:
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Reserve, and Deep River Forest Reserve. The beauty of Ehis piece

from any signs of human disturbances. The forests of BFREE not'

only serve as a vital corridor for the wildlife in Ehe adiacent

protected areas, but also provide facilities for researchers and

studenEs to gain a better understanding of these ecosystems.

The BNR is one of the last pristine tropical wilderness

areas of Belize. This area has escaped resource extraction,

development, and agriculturaf culti-vation, due Eo its

inexcessible l-ocation within the Maya Mountains. However, thls

area was inhabiEed by the ancient Maya, and evidence suggescs

t.hat agrj-cuIEure and resource extracLion Eook place during the

cfassic Maya period. The Maya Mountaj-n Massive support breeding

populations of the .Taguar (Panthera onca) , che Puma (Fe1ix

concolor) , Barid's Eapiris (Tapirs bairdii) and two species of

of land is t.haE it is six miles from t.he nearesL road, and far

peccary (Tayassu pecari) and (Tayassu tajacu), all rphich freely

roam the Bladen Nature Reserve and are indicative of rts pristire

naEure (ManomeL , L987) .

The Bladen River, the hearL and bl-ooi of this '-:iLsp-'il:C

environment, starts

pours out of a

ai the main ctivide of the i":ava l'1r'-i.lli,:lins :l:'l

deep limestone gorge i-nto low1.rIld f cl-esL,

f iltering through networks of mangroves ani f inal1_v eirLer'1Irq i l'..-

I

I

I

I



sea. The Bladen is parE of the Monkey River Watershed (See Map

3) which conLrols erosion, reduces local floods' regulates the

fixing and cycling of nutrienLs' carries out soil formation' and

provides circulation and cleansing of air and water' The health

of the nature reserve as inEricately woven j-nto the health of Ehe

river and its watershed (Marlin' 95) '

stretch of the river that runs

The Bl-adei P'iver's undisturbed natural state drew me in and

led me to my four week sEudy of Ehe river and its riparran

habit.at. 1 spent most of my time observing and mapping a 2100m

through BNR, BFREE, and DeeP River

Forest Reserve. I focused on the size and shapes of Ehe sand and

gravel bars and Lhe vegetation which rnhabits chem' Base line

data of t.his unsEudied river is becoming increasingly necessary

and will be extremely valuable in the future ' In document'1ng the

present. patEern of flow, t'his information can be compared with

future research tc understand changing patterns of flow over time

and'tcunierStancthedynamicsofthrsriparianecosystem'

AnotherfaccorthathasfueledmyinLerestinsruoyingthe

Blaten Rl.,'er- rs -r najor longEerm sand and gravel mining ploject

Lhat lvill r:osr ilkel-v take place in rhe Deep River lorest Reserve

.1ir'.'c: r1' l',: io',, --lre border of Lhe BNR (see map 4 ) This presents

.r :i:.r r-'r I ill .:.'.: :-' :il' h':aiLil of rhe river upstream and Coh'nst,eam

I
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from the exEracEion siLe, which may cripple Lhe BNR, BFREE, and

the Monkey River Watershed as a whole.

The government of Belize seems Eo have good intent j-ons on

paper, designaring part of t.he BIaden River and its surroundj-ng

forests as a nature reserve and providing this area with buffer

zone s composeC of protect.ed areas (See Map 1) . Cockscomb Basin is

des ignated a vrrlClife sancLuary, allowing recreational

acEivities such as tourism, and the removal- of forest resources.

Deep River, Colombia River, Maya Mountain north and Maya

Chiquibul has national park status. The Bladen and Chiquibul

the l-argest government owned protecEed areas which are t.ruly set

New River Enterprises, logging

definition of a forest. reserve is an area LhaL is set aside for

resource extraction, part.icularly the removal of trees. The

aside for conservation.

company from Orange Walk, has just received a contracE to begin

norEh and south. Also, Columbia River Forest Reserve is under a

a

f ol:ty yea: CL]i'ICESS ].ON

These f :r-.--st r'r-s.1-\..rs l -.--.r goci on paper, b''iL no protection

rl:lia)-at-l -.;: l.'-:, .1'.

1:gg i ng br,' Malaysian logging company

]S

.I

Mountain south are all designated as foresE reserves. The

ten year logging project in the Maya Mouncain Forest Reserve

I
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from Ehe extraction site, which may cripple the BNR, BFREE, and

the Monkey Rlver Watershed as a whole.

The government of Belize seems to have good intentions on

paper, designacing part of Ehe BIaden River and its surrounding

foresEs as a nature reserve and providing t.his area with buffer

zones composed of protecLed areas (See Map 1). Cockscomb Basin is

are

acEivities such as tourism, and the removal of forest resources.

designated as a wildlife sanctuary, allowing recreaEional

Deep River, Cofombia River, Maya Mountain north and Maya

Mountain souLh are aII designated as forest reserves. The

definition of a foresE reserve is an area that is set aside for

resource extsraction, parEicularly the removal of Lrees. The

Chiquibul has national park sEatus. The Bladen and Chiquibul

the largest governmenE owned protected areas which are truly set

company frorn Crange Walk, has just received a contract to began

ten year iogging project in t.]re Maya Mount.ain Forest Reserve

norLh and so'.rEh. AIso, Columbia River Forest Reserve is under a

aside for ccnservat ion

for.tv \,ea---c-tgir:_c

New River EnEerprises, logging

a

cc:taesston i

These iorest :-esel:\res l..ok gooii or paper, buf no pro:ecEion

:tl.t 'r t : i ::

ri, Malaysian logging company.
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established withouE an environmenEal impacts assessmenE ' The

healEh of Bladen will decline and may eventually deterj'orate if

the government conEinues to treaE the reserve as an isolated

island demarcated by arbitrary boundaries' All of these areas

being disrupted are a part of the Monkey River Watershed'

understanding of the complexities

and che inEerconnected relationships beEween these componenEs

l! is necessary to galn an

of the BIaden Rivers ecology' UntiI we understancl the components

1n

naEure, we will not be successfuL at preserving anythj'ng'

BACKGROUND:

.watershed Continuum TheorY

HisLorically, rivers and streams sEudies by ecologists have

been perceived to be separate units' During i-he 1970's' stream

habitats were defined by stream flow and subsr-l:ate This -ir'rtei

definition of riwers and strearns faileo to acknc$-eCge Lne

influences of upstream or downstream' The intrna"e ::e-ations:tip

rivers have wiLh Ehe surrounCing soils and fores:s N3s nci

understood. .\s researchers stal Le'1 to :ocus c:l : --' '-'rtiLr-iL-':t rclis

of detritus maLerials used bv atluaLic cl-gan: sms ' titc:'" Lr..:Jal: : i

acknowlecige aIr itilporlal.ti ci-a;Iil2r'i r L--'11 i)'f w'-"111 :l:l"r
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and sEreams (Ne1son, 96) ,

In 1984, the River Contsinuum ConcepE (Nel"son, 95) eras

published which compiled studies of many different sections of

streams and rivers. The ulLimaEe conclusion was that the

headwaters, midreaches, Ehe lower reaches, river mouth estuary,

reef, and open ocean were distinguished by different structures

dependent on each other. DetriEaI and photosynEhetic energetics,

nutrienL processing, commun.iEy strucEures, watershed mechanics,

sediment transport, and inEegrated longitudinal- successlon were

no longer sEudied as isolaEed elements of the river ' A gooC

analogy used to visualize this newly developed concept is :he

1eaf. The edges of the leaf are the mountain ridges and

hiIlslopes, the tert. j-ary verns represent the runoff waters

running through the soils and bedrock, the secondary

and functions, but Ehat they were aI1 interconnected and

ve ins

represent the Lributaries co]lecting runoff waters and pouring

into Ehe main ve.in, or the main river which flows Ehrough che

valley and out to Lhe sea.

Water is endlessly flowing from ocean to sky co earth Eo

ocean Eo sky to earEh... The suns heat returns rairfall b-'.--k i:

the sky from topsoil, lakes, oceans and by transprratrcn j: --nt

plants. Fron the sky, p:eclpiLation in the f orin of l:l:Ir, s:l'u"

t
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or haiL replenishes the earE.h with water. Along the way, the

hillslopes and rivers are two kinds of pipes the water passes

through. It is interesting to Ehink of your own body as a

temporary storage container for the passing water driven by

higher forces. PlanLs, ponds, and lakes are also E.emporary

burden of sedimenEs Ehe river is responsible for moving, and the

geology of the Iand Ehat Ehe riverbed carves. To maintain its

form, a river would prefer a steady f1ow, avoiding floods and

stcrage containers. The form of a river j-s controfled by the

amounE of rainfatl and runoff waEers from hill-slopes, by the

droughts (Warshall , L975) .

I began to undersLand Ehat watersheds noL only had

In Peter Warshafl's "sEreaming Wisdom,' Watershed

Consciousness in the Twen!iech Century", he explains his

unfolding perceptions of wat.er. On a walk through the EeI River,

t.he fastest eroding river in NorEh America, Warhsall expresses

personali-Eies, but. they bodies, sentient beings of sorts,

lhat trj-ed to use their parEs Eo keep the whole (hillslope

/river) in bal-ance. The streams were like a nervous system

g:r'J-r:g ear11' warnir<-- oj a hiilslope falling apart. The head

\r,at rrr-::i w--rr: Iike Lite illtrd: a subtle place hi-gh on rhe hillslope

wh:le the wafeI tssteC clear and pure almosE Iike raillf a1l; where

'1
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the hilIslope suddenly opened up to st.arE. the river; where peace

was needed because any change at. the headwaters would be felt all

Ehe way downstream; and where the bare rock Eributaries provided

minerafs t.o be used and st.ored downstream. The whole attitude of

Iand seemed to be: Delay Ehe water from passing Ehrough. slow iE.

down by making iE ru:L underground

dor,rn and hold so the hillslope

snaking the river shape.

can <eep its shape. water just

SC],ENCES

.T

CreaEe lakes and bogs and marshes in the flood p1ain. Slow it

Ultimately, the mount.aintops, the hilJ-slopes, che

riparian forests, and E.he flood-formed bottomlands are a1I

interconnected parEs of one watershed. In the past,

segmented perceptj-ons has not considered Ehe abiotic portions of

the watershed to be intr:.cately tied to the bioti-c porti-ons of

the watershed. If we remove a forest along a river side, the

water fhat woufd have been taken up anC t.ranspired by Ehe Leaves

is now going to fiow into che :iver and carry in a new sediment:

foad. This wiLi i-ncreas= the e:rergv f=eding into the ri,ver, and

che hillslopes and strean chanrels rvi1l rapidly change form Eo

adj ust .

does what. it does and pays no mind. "

I
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The Monkey River Wabershed

We need to apply the watershed continuum theory Lo our own

lives and the watersheds that support us. The Monkey Ri-ver

vraLershed, AS comprised of Ehree mai.n rivers, Bladen River, Trio

River, and the swazey River which feed into Ehe sea at Monkey

River Vi1lage. (see map 3). The waEershed starts :he main

divide of the Maya Mountain Massive where rain waters flow over

a:

granitic hillslopes feeding int.o the tributaries and into Ehe

three branches. These branches flow over karst limestone bedrock,

joining to form the Monkey River which funnels water over Ehe

reef and into the open ocean-

The Geolog-y of the Bladen Nature Reserve

The geological history defines Ehe st.l:ucture of Ehe

watershed, The landscape currenEly known as BeIize firsE emerg'ed

from under sea 1evel along a volcanic fissure which extends from

Richardsons peak sout.hwest to Litt-e Quarts Ridge (see rnap 3)

SedimenLary rocks of lhe Paleozoic Age (40C-230 mil-j-cn years

ago) are combined with volcanic rock that makes up ti:e BNR. This

is a result of the moffen 1a\ra tlle: :xploieC cu: of tlte \..lcan:c

fissure, mingling,,vith accuniu l: t eC t:vet-s

had settled ro tlre f l-r,'r- !': tlr( 1.r.+ 2,, '.-L1.rr. l::', rt ir:ttt- :

L
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ocean rose and fell a number of Limes. The eartlhs continual life

sedimenLary rock and volcanic rock comprises most of the BNR

highland. Most of the Bladen River runs over a limesEone base

(Wrighc, unpub. )

In early Triassic period (230 million years ago) , As the

supercontinent of Pangea was breakj-ng up, and the continenta]

plates were drifLing towards their current sEate, Lhe paleozoic

and death processes buried the ol-der rocks with new marine

sediment. These new sediments were calcium carbonates from the

shells and bones of marine life, whereas the earlier sediments

d.j-verse vegetation, which in curn changed the paEterns of the

wiIdIife.

compl-ete1y changed Ehe chemical composiEion of the bedrock which

were rich in silica and poor in calcium magnesium. This

creaEed soils rich in plant nut.rients. This change fostered new,

The Maya Mountains were under sea fevef in the CreEaceous

period where limestone rock was deposiEed over Ehe Paleozoic

rock. A property of limestone is that it decays relacively

rapidly in solution. Only 2 1C?r of fimesfone is lnsclubie

mineral impurities. The persiste:l.e of rain pel:a:r:al.s ti-r-'

fissures and cracks of the rock cleatinq Lunnel-s, pot ll.:Lcs, aita

underqround stream channels among srnal1 pe aks. 'lrli-s rs ca l Iect

ti

I

I

t

t

t

I



nKarsta or "karstic" landscape. The Bfaden River and oEher

affluent sEreams take underground rout.es through the karstic

landscapes. MagnificenE sink hofes have formed with al-most

vertical wal1s, some over 400 ft deep. ]n Ehese mysterious ml cro -

habiEats you can find rare plants and animals that have survived

intervafs of environment.al- change (Wright, unpub.).

The soils thaE have resulted from the geological sL.ructure

of che BNR are slightly alkal-ine and rich in pfanE nut.rients.

t^lith the natural healthy forest cover, the soils have adequate

aeration which allows sEeady water drainage inE.o Ehe tributaries.

The earths geological metamorphosis has affected the Eopography

of che BNR which affect.s and is affected by che flow of Lhe

Bladen River and the entire watershed (Wright, unpub. ) .

METHODOI,OGY:

grasp the nature of this powerfut river. I started by observing.

lL seemed li ke an

I scent about four days establishing

to explore the curves anci

impossible Eask to rry and understand and

a

starting at the northwest boundary of BEREE going downstream. T

friendship wiEh Ehe river,

dips listening to the hoilowprcceeded

q.:roiing sounds of '-he rapids. During this time I expl-ored the

.'r ,-'. ic.:s, ;..o.-ls, and the many 'Jaths t-hat t-he water 1,ook arcull.l

l1

I

I

L

I

I



Eo take place sometime in May along Ehe Bladen River, I

conducted Ewo informal interviews. Charles Wright, expert soil

biologist and environmental consultant based in Punt.a Gorda, was

my first interviewee. He has been a key figure in the making of

the southern highway because his knowledge of t.he soils and

ecology of southern Belize has been vit.al- to developers and

resource extractors.

Mr. Penelf, owner of a hardware store in Punta Gorda. has a

concession for extraction of sand mining from the Bladen rj-ver

for the making of the souEhern highway. He was my nexE

interviewee.

Body :

I. Map Interpretation

The map that. I produced (see back folder) documents the form

of t.he Bladen River. The mapping started aE the rope, which marks

t.he northwest border of BFREE, and cont.inued just past Ehe

boundary of the BNR and into Deep River ForesE Reserve. The form

of t.he sand and gravel bars and the types of vegetation they

support are represen:ed. The fwo main types of vegetation which

colonizes :he bars are BaccarJs sp. and Gynerium sp. The

13
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Baccarus was usually found on Ehe edges of the gravel bars closer

t.o Lhe wat.er. The Gynerium sp. was often found behind the

Baccarus, further from Ehe waLer. It seems that the Gynerium

reproduces vegetatively, producing groups of clones that are

geneEical.ly and physically connect.ed by a common root system

(Brewer, per.cc[... This =a2:r.s 
*,') r:nder Gyneri;r. sanslti'/e tc

unstable areas. hence its pos:ticn on Lhe gravel bars. Slnce t.he

areas closer to waEer are probably frequently discurbed,

they are less stable. Baccarus seems Eo cope well with this and

takes every opportunity j,c has to grow on newly formed bars.

consistently colonized by Baccarus. From Lhese observatj,ons I

Very sma1l islands in Ehe river that seem to be newly born, are

suspect that Baccarus germinates and grows quickly in disturbed

areas.

severaf species of vines and herbs were found colonizing

the edges of Ehe bars along with the Baccarus. Some of Ehe more

SLachytarpheEa sp and Aristcchales so. The Aristocales vine

biooms a dazzling ilorver rhcuqht t. be the ]argest in the

Americas (Brewer-, L-rel-. con.I I:l ca:ltoarisorl rvith l-i,e Baccal'us,

these her-bs and r:ittes i"eie

S r.r'..: sit:'rrl.'s I h.ii r hr-r-tl'I:.'.1 -tr-,t.ls lertllel t.i.lv ir --tl "lt=

t.l

I

common types were Clipr'-LS sp. , Sclar;in sp. , Hamel la sp . ,
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water among Gynerium and Baccarus were Cassia reticulata and Inga

sp., which are both in the Leguminoseae family, and Cayoense sp'

Trees were mostly found in the center of very large islands,

or around the edges of gravel bars that connecEed with the bank

and riparian forests. The Ewo most prominenE trees found in

The vegetation of the river is represenEed by three symbols,

one for Baccarus. one for Gynerium, and one for Ehe herbs, vines,

these areas brere Eicus sp

This is evident due to the increase in

Cecropia sp. , SoLanutr sp. , Bacaar'-1s sp

anc Cecropia sp., a pioneer speci-es

slope of che bank.

and ctiler vr:tes e::C

shrubs, and trees mentioned above. These were encountered

infrequently in comparison to the dominant Baccarus and Gynerium

The numbered points on the map represent observacions of the

vegeEation and ot.her pertsaining information Iisted below.

-Point 1 marks where the high waters reach in the rainy season'

From point 11 to point 12, dense cane is found (approxima:ely

4m high) starting at. the waLer

From pornL 14 to poinf L6 Lhere is gap where a dlr''ersity :f

vegeLation is found, including Ficus sp, Cassia reLi:u1aca,

herbs.

-At poj-nL 1'l, a nlajestlc Aris:oloces was fourd in b-r:t

15
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-At points 21 and 22. a smal] gravel bar is colonized by Baccarus

approximately 2m in height.

From poinE 35 to 36 is a 5m space after which Baccarus begins

t.o grow .

-From point 37 to 40, Baccarus, approximately 2m in heighE' grows

-From poinE 40 Lo 42, mostly Gynerium is found, along with Cassia

reticulaEa, Cyprus sp., Ficus sp., and composiLe herbs

-AE point 42, Baccarvs grows 2-4 m in height'

ats the edge of ihe gravel bar

-At poinE 43, Ehe high wat.er mark starEs a meter in from the

-At point 45, the high water mark and Ehe vegetation sEarEs 3m

wat.ers edge

from the wacers edge

sp.

-From point 42 Eo 50, Baccarus grows along witsh t'he less frequent

Ficus sp. The middle of the first major island is densely

colonized by Cecropl-a sp., Gynerium sp Ficus sp. , and Baccarus

-Point 55 is where the Il''.'er cnce fc::ked off This rouEe ]'s now

dried out and i-s being t.aken over by Plant.s and trees.

-At point 54 r:cst11' Baccarrs rs found'

Above Drrii..: L..l rs -1 :l!1'lIl'Lr\: af e.l . There may be aIr under-grou;rd

f lc.s r',hi.-ir rlr1l 1-f .'c:: i:r : ilts -il e;r

I6
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-From pt.. 55 to 66, Bach grows 1to 2 m from the vraters edge.

The Baccarus is L Eo 2 m in heighL. Behind thi-s is Baccarus 2 to

-AC point 54, the high water mark is 1m from t.he waters edge.

Baccarus starEs growing at the high waLer mark.

4 m in height. Behind this is Gynerium and some Ficus.

the waters edge. Behind ch'is is Gynerium (approx. 4-5m in

height) .

-At. pt 59, Baccarus (approx. lm in heighE) grows 4 m from Ehe

waters edge. Baccarus (approx. 2m in height) grows 14.2 m from

-From pt. 72 la 73, sparse Baccarus is found (approx. 1m in

height) 4.8 m from the waters edge.

-Past pE 73, Baccarus and Gynerium is found (2-4m in height) .

E.his grows Cecropia and Ficus.

Behind Ehis grows Gynerium (approx. 5m in height), and behind

-At pt 74, Baccarus and other herbs start 3m from !'raters edge-

Baccarus, 2 3m in height, starts 8m from waters edge. Behj-nd

.-his grows ca11er Gynerrum.

-At pt 76, Baccarus (1/2m in height) grows 2.5m from waEers

edge. This is also where the high water mark is. Gynerium (4m

ln heighE) is found 5m from waters edge

-AE pt ?9, Gynerium is found 4m in height

Fl'cm Dt 79 to 80, G!'nerium, Cecropia, Fj'cus, and Ila-':ar'.:s a|e

7l
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found.

-At pt 83, Baccarus (1m in height) ls found 2.4 m from the waters

edge. Baccarus 3 to 4 m high grows behind this.

-Between 85 and 85, Inga sp. is found along \,/ith Baccarus,

Gynerium, and Ficus.

-At pt 89 Baccarus grows 2m in height.

-AL pt. 91, Baccarus Ficus and Cecropia are found

At pt. 95, Baccarus starts 3m from waters edqe. Behind Lhis is

Gynerium Ehat grows 2 co 3 m in height.

-.From pt 96 lo 97, Baccarus sLarEs 1m from waters edge '

-At pt 98, the high waler mark is 10m from waters edge.

-At pt 99, Gynerium (2 t.o 4m in height) is found

-At pt. 105, Baccarus lm in height is found.

-At pt 105, Baccarus, Gynerium, Ficus, and Cecropia is found

Pt. 106 to 107 is the high wat.er mark.

-AE pt 10?, t.all- Ficus, Baccarus, and Cecropia grow.

-At pt 118, Baccarus 1r in heighL is found.

At pt 120 and 121, Gynerium, Baccarus, and Cecropia are found'

At pE . 126 , iense Gr':terium is f ounci.

.AL pt 129, Bacc-3rus grci,;s 2m in heighE. This point also

r-eLrres e nt s -,1:e ltic:: l''.i::l- :l'rark

It FI I],... :rlara:'li-'.is 'l i-L-1,!'s :n ir-cnr the waters edge. 3m from
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the waters edge grows Baccarus 3m in heighE -

-Between 139 and 140, Baccarus and Gynerium grow 2 to 4 m in

height.

-Ac pt 143, dense Gynerium, Cecropj-a, Legumes. and Ficus is

found.

-BeEween 142 ar,a 143, Acacia sP Cayoense sp., Inga sp., and

Cecropia sp. is found.

-At pt 145, Baccarus grows 2 to 4m taII. Gynerium is found

-At pt. 157, Baccarus starts to grow at the edge of the gravel

bar.

behind thi s

-At 158, Baccarus sEarts at Ehe edge of Ehe gravel bar.

Gynerium, Ficus, and Cecropia are found behind the Baccarus

The different heighEs of che pfants are importanE tn

undersEanding their ages and the different pattern of grov,Eh. 1t

is important to take nc:e cf che high water marks so that

variations becr^reen wet and dry season are taken into account'

II. The Nature of Ere SanC and Gravel Bars

In tire \.,e!. season, l-Leavt' :ains tl:ansform the peacefui

babblinq li"'=rs int'l l-aqgill-r ri-1ters of threateni-nc porver' The

1!l
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rncrease rn potenEial energy increases the erosion and accretion

(opposiEe of erosion) raEes of the sand and gravel bars ' Year

afcer year waEer is

the banks are

transporting gravel, sand and silc

downstream, while replacing rhe fosses with upstream sediments

There are a few different scenarios Eo the rivers equilibrium'

l.There couiC be a net lncrease in sand and gra'tel bars; sar:i aii

gravel could be accumufating laster than the wa:el: carries i:

away. 2. There could be no net galn or foss; ihe force:j the

3.The third possibilicy is that Ehere is a ne: loss; Ehe fcrce of

water could erode approximately Ehe same amounE that it accreEes '

the water is washing away more material than is being

accumulated. Each scenarj-o creates different pataerns oj flow

which creates a new balance within the watershed.

Much more than just Ehe shape of Ehe gravel bars is being

affected- The gravel bars which are a buffer to Ehe erosion ci

conEinually being sculpted. The water and its

river bed have an intimace accoun: with eachother ' Thel' moCii-v

and stabiLize the flow of the river.

The silt -.hat minql-es wi:h the sand and grav:l 1:eLps clr]d

al-l of the materiai tcge:her solic:fying the :rvers :llal':r:Ils :h'l

veoetation which gr-orvs oil Lliese n'.i:rohabiLats, .sLrcci'l ]' -1 :i:r

Cvner iun',, h.:11. s t:l= l , l:l i:, t:tf 1...:-. "-' i:,,- itt : :: l , ., : " :,'
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III. Wildlife of the Bladen Ri-ver

The Baccarus and Gynerium provide a home for many nesting

birds, Although Ehe t.angle of green often prevenEed me from

idenEifying the spectrum of songbirds, t.heir songs and flashes of

color kept me company as I mapped.

some of the more common birds I saw included the Lineated

woodpecker (Dryocopus lineat.us) , SpoEEed Sandpiper (Actitis

macularia) which pecks at j-nsects and invertebrates at the waters

edge, Olive throated Parakeet (Aratinga nana), and Amazon

Kingfisher (Chloroceryle amazona) . Three species of kingfishers

thr.ive on the abundance of fish in t.he river. The larger birds

one spot for a long period of time. Cattle Egrets (Bubulcus

were easier to spot and identify. The GreaE Swallow-tailed Kite

(El-anoides forficatus) was seen nearly everyday sailing through

the air in pairs, gracefully swooping up Eheir next meal from the

water. The beautifuf Great Egret (Casmerodius albus) was

occas ional Iv seen peacefully perched on a naked branch. The

Little Blue Heron (EgretEa caerulea) and Ehe Bare Throated Tiger

Heron (Tigrisoma mexicana) were frequently observed sitting an

ibi s ) $,/ere occasionally seen in flocks of 10 to 12. Two species

of toucans were seen infrequently, the KeeI Bi1led Toucan
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(RamphasEos sulfuratus) and the Collared Aracari (Pteroglossus

torquatus) . The Yellowheaded Parrot (Amazona oratrix) was often

seen flying noisily in pairs. The noisy and abundanE Montezuma

oropendola (Psarocolius montezuma) would rise in the early hours

of dawn to feed their nestlings. The Een orupendula nesEs

hanging off a dead tree along the river, (see pE. B of Bladen

nurturing (HoweIl- and Webb, 7995) .

River Map) , v/as a good place to observe the mothers' instinctual

C) . The other Ewo noLiced my presence before f noticed theirs and

dove underwater so that the only clue to their presence was a

three of these cuEe, furry mammals during my field work. The

f j-rst one gracefully swam away at the sight of a human (See pE

splash far Eo loud to be made by a fish. As r swam into the deep

':p from the !vat.er, sheltered by the roots of a fallen :ree' Only

couple of meters away, the couple barked at me in defense for

Anot.her critt.er which benefits from the health of the

aquatic life is che River Otter (Lutra longlcaudis) . I saw

about ten seconds, then plunged into the water never Eo be found

pool where t.he noise had come from, two fittle brown faces popped

:qili:r. (.a€e Pt Ej . Fellow student and mammologist, John (enneth

Hor:ton, observed anot.her couple of River Otters, which could hawe

L.ee:r : ire s.1:r'.. F.rrl' prewiously observed, playfuIIy f r'-:1lc<ing rn
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the waEer and clumsify walking onEo to the bank (See Pt. D) '

These mammafs are dependant ona healthy river, feeding

mostly on fish and crusEaceans. These otters favor clear rj-vers

or streams and are rarely found in sluggish, silt-Iaden rivers

( Emmons f 990) .

Al LhougI- never saw the water opposum (Chironectes

Oppos soms are uniquely marbled with broad black bands across

their back. They feed on the rivers fish, crustaceans and

invertebrates. The femal-e's pouch has a waterEight seal to keep

her young dry when she swims. They al-so are commonly found in

clear ffowing streams and absent from sluggish silc-laden waters

(Emmons, 1990)

The Green-tree snake (Lepcophis ahaetulla) was found at pE.

A, spraweled al"cng the edge of the gravel bar, perfectfy

minimus) , they are known to inhabit the Bladen river. These

resembling the green hose-fike runners of the Gynerium. A turtl-e

was sighreci at poi:rt F (Kj.nosternon sp.)

The wet sand along the waEer served as a wildlife guestbook,

keeping E rack all of the feet that had passed Ehrough the

cornnonLy found along the river. Thearea

G),ner i. r.rrn is cr: cf their rrair: fcod sources, which leads them to

Talir ::--.r-'<s wera

t lre gr.rv.'I b..'i:s . i.f ca L r.l.' .i: p:rca) tracks and Central An'.ericatl
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Agouti (Dasyprocta punctaEa) Lracks were often seen. These

animals frequent the river for drinks. There was only one

incident of a caL track, probably Jaguar (Panthers once) ,

observed on a sandy shore

The abundance and diversity of wil-dlife with che BNR and BFREE

depend on the riparian environment for habit.at, food and water.

interest in river ecolcgy.

IV. Resource extraction from the Bladen River

At the time thaE I decided to study E.he ways of the

Bladen, Jake and Kelly Marlin had just been informed tshat a

sand extracEj-on. This gave my study more meaning and fueled my

major threac to the Bladen River was soon Eo come in Ehe form of

An interview with Mr. Penell gave me basic information that

was useful in underscanding the magnlt-ude of the sand mining. I

approached him lvith apprehension, but he proved to be a very

friendly and informafive man. He EoId me Ehat a large quantity

of sand is needed to mix with cement for the construction of the

southern Highwal'- :le :old ne tha: Kuwait was a major funder of

the Southerr Hiq]:wa)' and l't:C :- ccli[ract wrth a Ccs:a Rican

company, Mako S:nta Fe, to ex:l-ac: sand ror the construcLlon' So

Penc L l w:li .: '- -r.-: I'\' \ .i -i Fe:o be in c:-.arge of the
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projecE. Penell and about nine oEher workers will make a road

to the river on Deep River Forest Reserve grounds, directl-y below

t.he southeasE border of the BNR (see Map 4) . They are restricEed

from the easE side of the river which is BFREE property. If the

project proceeds AS planned, a camp for tsen men wj-lf be seE up

and sand dredging vrill begin during the month of May. Two

machines will be broughE to the sight, a truck to scoop the sand,

and a crusher. The crusher is the size of a house, sifting and

crushing tshe material, unLil only the desired sand is l"ef t. The

machine uses efectricity which IS provided by a generator on

site. This generator requires diese] fuel .

The sand j-s needed for a 30 km sEretch of Lhe highway.

of dredging is approximaLely 5 to 10 fE deep.

Every 1OO m of highway requires 6 tro 7 truck loads (11 cubic

meters) full- of sand. He esEimated that the sand mining will take

5-5 years and will- span 3 to 5 miles of the sand bars. The depth

The inconvenience of fhe rainy season usually cripples any

kind of development or construct.ion work, buc PenelI said Ehat

this woul-d not stop Ehem. They will do as much as they can

before the rains sEart; i0 trucks per day is averaq.-. lhei:

work will contiltue during the dry stretches oi the t-.rin)' s.-"lsc:-'

When I asked hi-rtr ,,vhere the-\' would g i-' i f tllcy rrlll :Li: .ri s--:-^.i, : :
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told me EhaL they would never run out. of sand to extract due to

the rivers infinite resources.

what. abouL Ehe Iegality of this major projecE? Mining and

dredging is regulated on paper. Before you begin gravel mining in

Belj-ze you need a liscence from t.he Geology and PeLroleum

DepartmenL. order to get chis license, one must submlt an

EnvironmenEal Impact Assessment, according to the Government of

Belize's Mines and Minerals SafeEy, Health and Environmental-

Regulations (1994). Information Ehat is required for Ehe EIA

ground waEer sysEems, vegeEation, wildlife, potential visual

impacts and an environment.af assessment of Lhe potential impacEs

includes the "ecology of the area, an accounE of all surface and

on sensiE.ive and biologicalJ-y diverse ares. In addition this

proposal must include met.hods for waste disposal, drainage

conLrol and an environment.al monit.oring program including a

system for analyzing water quality. Final1y, the proposed

manager must submiL a report prepared by a qualified

hydrogeologica- engineer on Lhe impacts on surface and ground

water, including potentiaL river diversions and increased

f looding" (NelsJn !r6). AIL cf these ecofogical factors must be

sLudied, Lhe ixr-Dacts of Ehis major project must be understood

befor-e any rcais starL being built and monstrous, noisy machines
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violate Ehe inEegrity of Ehe River.

"Under section 20 (1) in Part v of the Environmental

Protection AcE, any person intending Lo undertake any project,

program or acEj,vity thaE may significanEly affecE the environmenc

shall cause an EIA Eo be carried ouE by a suitabl-y qualified

person and sha1l submrE the same to the Department of the

Environment (DoE) for evaluation and recommendation. The current

pracEice of the DeparEment. of Ehe Environment is to request

preparers of EIAs to submiL copies of the j-r curricuLum vitae

paper, but these intentions become very questionable when Lhey

are not enforced or regulated

along with the EIA" (McCalIa 96) Befize has good int.entions on

Vague ansr^rer, Supposedly, the Geology and PeLroleum Department

did an EIA before Ehey granLed him a ficense. But the Geology and

PeEroleum DeparcmenE makes money from resource extracEion and has

when I asked Penell ii an EIA was carried out, he gave me a

no part in EIA proposals. A brief inspecLion of the area was

probably Ehe extenE of the eivironmental assessment in this case'

EIA's are known :o be inef f i.cient to non-existent in many cases

of sand and gravel r:ri:inq (N.-son, 95).

When L aske.l PeI.rel, al.---rt :lrs thcughts on the dredging and

Iri-i., '.t i,.-L:l,l :'ti f r',-'l : ht' t'..r1 ..1-'rl e:lvironmenL, he said he dicn't
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really think iE would harm Ehe river. He believes, jusE like

many people, thaE the material will be easily replaced. If t'he

water is strong enough to wash down alf of the sand and gravel

Ehats j.s present, it will have no problem replacing j-t. This

sounds reasonable and logicat to mosL people, buL thats's because

we don't have any idea about the vafue and complexity of our

watersheds.

v. Effects of Sand and Gravel Mining

Most waterways on earth are Lhreatened by the clearing of

trees and vegetation along riverbanks, Iarge scale agrj-culture,

pesEicide and herbicide use, and mining and gravel exLraction.

The Sibun River is suffering from t.hese destructive pracLices.

The river begins high in the mountain plne ridge. As the draining

water gathers energy, Lhe sEreams join and pass through the Sibun

corge, tshen through the limestone hill-s, and finally traversing

savanna and pouring ouE Eo the sea. Dredging for gravel has

been one of Ehe major disruption Eo the health of the Sibun

River. Dredging has been going on for years here and its once

clear, cfean waaer:s noh, run '':'.ick .rrd nuCdy iuring tine-' o!

actual mining. The waLel rs '-::rsultabf e f or dl.inkrng ali'.J:'La

longer serves as a recre.it icrl-:l spot f cr I ocals ol-
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Many households and nearby residents rely 1Oo ? on the rivers

water in the dry season' Also, many vj-llages are dependants on

t.he river downsEream, which wifl inevitably be affecEed by the

years of mining. Not only does chis slowly deEerioraEe Ehe

quality of the water, but iE effects the health of the whole

waEershed, Ehe health and happiness of many 1ives, and evenEually

the health of Lhe delicate reef

The damage done to Ehe Sibun river is rather obvious, and

much of Ehe fuEure affects on the water qualiEy and damage to Che

reef is just speculation. we cannot stop these dangerous

pursuits wit.h speculaEion.

slnce my freld work alone cannot provide insight inEo the

naEure of Ehe Monkey River watershed, I wilf continue to

speculate the future effects of years of dredging in Ehis

vul-nerabLe area of the Bladen River- The i-mmediaEe effects are

the most obvious ones. The construcLj-on of the road Ehrough this

relacively untouched portion of the foresL reserve ]s a noasy'

destructive process. The camp rhat will be set up for Ehe ten

workers wilI involve clearing a portion of Ehe forest' The

workers w:11 undo-rbtr-il-v L'ol-lrte the area with trash'

UnbroCeg: aalabL: soap wi-iL conf .rminaie the river' Hunting and

fishrnq in:qhL lrcur, ful-tirer lilterfering with the wil-dlif e
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ofEen times Lhe trucks leak oil into t.he river due to careless

m].n1ng.

rules concerning envj-ronmenEal factors are always folfowed

because the GeoLogy and Petroleum depc. check up on them every

are not even defined j-n this case, and the enforcement happens

are the most dangerous. When massive amounEs of sand are removed

from upst.ream wilf quickl-y replace Ehis empty space. As a

Durinq my conversaEion wj,ch Pene11, he informed that Ehe

I
t
I
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six months. ApparenELy. a fine is issued if environmental

guidelines are not fol1owed. since t.he environmental guidelines

only twice a year, its is hard !o believe that the sand wil-I be

extracted with respecE t.owards the river.

The longterm effects are very inconspicuous and t.herefore

that once modified the energy and direction of the river, water

resulE, the more sand that is removed., the faster the water will

flow upsEream and downstream. The unnatural change in flow rate

wril change the path of the river. Other components of the

waLershed such as hillslopes and tribuEaries will have to

compensate for this change throwing off r'he delicate balance of

the whole watershed. A major increase in flow wil-J' undoubtedly

along the banks downsEream and upsEream. The

it\'rr.r--.rrr ir,i tL 'lrcbabllz suf fer, decreasing the tapirs fooC source

rncrease eros ron
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and further desLabilizing the sand and gravel. The riparian

vegetation wiIl be damaged by increased erosion and flooding,

degrading vical habitat for wildlife

Siftation vrill- undoubcedly be a major side-effect of the

ciredging along the Bfaden River. Inscream suspended sedimenEs

; a'. l1'-)'n:, Cras:r-cally decrease :he abundance of life in many

s:reams and rivers. Siltation in primary receiving streams

severely damages epi-phytic communities (organism living on

sediment surface) and reduces the productiviE.y of Lhese

dj-sLurbance. Potamogeton perfoliacus replaced Isoetes in many

communities. In a 1917-1918 study of English lakes, Pearsals

studies showed thaE Isoetes was easily choked by silcacion

because ic cculd noL adjusc its root sEructure Eo accommodate the

irstances, aitering the biotj.c structure of the sEream. In

l9?5, Fremlin showed chat " increases in sedimenEation raLes

accompanied alternations in flow paEterns from dredging in the

I'irss:ssippi Rr\.er . This ccnl:inaticn destroyed plant and animal

ccnmunities oi ihe marsh, Ieavlng a barren windswept body of

s:railcw, unr,roillcttr.e \^.'ater" (Cocper, 93)

lr: :lr.- ::ar..-rr:: .-: n.:r.: l:.'r-:-r )lrss-issip-oi, the increases in

.i:s;:::t qe --: !\',i: irr ::-anr :rr,tlol- s: !r rt'lls causes an lncrease ln

::,-,. a:ranL ,'t se.i::ilal'.r: s . i Ills -, . s l l-,e ler',:hic invertebrates ani't
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periphyt.on communit.ies and hardly any grovrth of aquaEic plant

communities can form because of excesbive sil-t.ation. This scour_

aggredation cycle buries and d.estroys reproductive habiEat for
fish, causing reproductive failure (Cooper, 93).

The heal-th of river and stream sysLems are often measured by

biotic indicators such as fish and bent.hos. In 1955, Tebc shcwed

t.hat "hi-gh rates of sedimentation reduced benEhos, both by

mortality and drift.,' In 1920, cammon studied the changes l-n

fish and invertebraE.e popuracion in a stream EhaE. was effecEed bv

a crushed limestone quarry. ',When sedimenE. foad increased. so

that sedimenEs accumufated, bent.hj.c popufaEion decreased by GO?.

Densities varied from 10,250 organisms/m2 above the quarry to 86

organisms/m2 below t.he quarry.,, fn 1927, Reed documented

decrease in the number of fish and invertebraE.e species by 23?

and the number of organisms by 40? d.ue to siltatj,on from highway

construction. Cooper did a set of studies evaluat.ing the effecEs

cf siltation on nonmobile invertebrates. An g3 km lono stream

locaEed within an agricurturalry curtivated watershed. showed

"that bryozoans, especially che envi ronmenE.al ly sensitive

Peccrnatel-la magnifica, progressively disappeared in dcwr:streanr

ar-eas with degraded habitat and increased t.otai sclids.,, Coi.Der

.ilsr- :.lrowetl that fhe benttros srrffered when sedimenLaLtLi:t
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AC(n ztql
o slDtnB

r BMP
d-irm.i-eaL e d t.he sedimenE-sensitive organisms, especially the most

sensitive larval st.ages (Cooper, 93)

"In lakes and reservoirs... Ehe growch of mosE fimnetic

algae are dampened by lighL reduction from suspended sediments

Depth of light penetraLion into tshe water column is also reduced

by suspencied sedimenEs, shrinking the photic zcne." ar

a\, . 1976) . During a long-Eerm study of Lake Chicot, Ar, which

is within an agriculLurally cu1tlvaEed watershed, Cooper showeo

t.hat I'phyt.oplankton production was limited seasonally in Ehe

main basin by suspended sediments. " These studies, amcng many

other, have been abfe Lo document Ehe specific species in

streams, rivers, and l-akes thaE are harmed because of the altereo

habltats resulEing from siltal-ion (Cooper 93).

Another importanc aspecE of the Bladen River, and a]I

rivers, is che microhabitat provided by the boundary 1ayer. This

is ihe space where a layer of water just over the :lYe:: bed sf cv.'s

dcwn due to f ri-ction. This layer of srili or sfcw movi:-'l wal-el

is where algae, bacteria, and fungi are able to feec orl ani

breakdown detritus. InvertebraEes and insects are able tlc latch

on :o Lhe rocks in tlris siorv moving 1aver, feedilrq tl a Lgae

and iet r-it'-ts . The f ish anC crustacealls i-n iLirn ieeJ --:'. - :i'

f ns3c:s anC invertellraies . Detritus, rvhich is at :]l-- i-:se i:

3-1
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t.haL were once inexcessable and untouched. This wiII require

natural resources- The demand for sand and gravel for the

growing number of houses, buildings, and roads will just -Increase

overtime. The need for economic developmenE and advancemenE will

continually and increasingfy stress the BIaden River and the

',/.cr. ie I k;-..er Watersheo.

ecosystems musE be pursued before they

Research on the Bladen River and oEher pristine riparian

are no

funcEioning in their natural state. The more we observe and

sEudy the naEure of these ecosystems, the betEer we will-

undez:sEand how human interferences affect them. With thi-s

longer pristine and

knowledge, equipped Eo interact wiEh naLure in a less

descructive rianner.

The mapping of t.his 2100m stretch of the Bladen River and

the infornation that accompanies it l"ri11 provide baseline daEa

that can be referred to in fuEure studies and mappings of the

ri.,'er. Tlis slice cf informaLion should be jusr the beginning of

cul'e:fcr-:s t.o comprehend the ways of water and all it passes

ch:-ouch. Their is a need for more detailed, longterm sEudies

----:"Jal:'-1::a: ,r'-i:.1- o-raIi'-\' and patterns of waterflcw of the Bladen

R: .,': .::-..: : ts \!.r',e:sll3d-
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Watershed consciousness needs Eo be fosEered and implemented

in our communiEies. Due to concerns of the health of the Slbun,

a watershed organization made of citizens is gathering help from

several oLher organizat.ions. Lighthawk, an environmental

organization, has volunteered to fIy over t.he Sibun and collect

data Eo make a detailed map Ehe watershed and the land use ofol

along with Ehe community member's observations to develop goals

and objectives. This informaEion wiII help determine if the

water quality needs Eo be improved or just maintained. This

project has heightened the a\^,/areness of the diversit.y of issues

concerning the Si-bun and has promoted community involvement

(NeIson, 95).

Developing watershed organizations run by communiEy members

will open communication channels between watershed residents and

lessen the degradation of our waterways

the area. The watershed association will use this information

Not only wil-I a better understanding of watersheds help stcp

their ignorant destruction, but a fosterj-ng of watershed

consciousness will heaf our fragmented perceptions of the ear'*1:

the government. This wil-l give a voice to the watershed and heip
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Appendix 1: Temperature and Rainfall Data April 3 to April 27

Dat e
3

4

5

6

7

8

9

IC
11
L2
i3
t-4

15
L6
77
18
79
20
2t

23
24
25
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