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:,-t roCuct ion

UnE.iL 1983, the vil-l-age of Crooked Tree was only accessible

a7 boat.. The lagoon system surrounding the village made it an

::rIand island, and relatively remoEe. Tvrel-ve years ago, however,

a causeway was builE across the Crooked Tree (Nort.h) Lagoon tso

provide access to Ehe village. This act of building a road,

compleEed in roughly tvro weeks (pers. comm., Sam Tillet), may not

seem like a major development, buts Ehe ramificat.ions it has. had

for bot.h the viIIage, the surrounding ecosystem, and all the

organisms within, have been extensive. I felt a need to carry
cut some sort of documentat.ion of t.his damage (or progress,

cepending on one's viewpoint) and.,felt. that much could be learned

irom such a study, by me, by the villagers, and especially by the

people involved in prot.ectsion of Ehe area. It is a complex

:ssue, and I began my study period planning to focus on just one

aspect of it- the logtwood stands dying out on tshe nortsh side of

:he causeway. As I began my research, however, I reaflzed how

Tr,any more issues were involved, and the import.ance of the

=elationships between them. Talking to inhabit.ants of the

r.illage (many of whom had Liwed t.here al-f of t.heir lives, and had

seen the village progress through different stages) made me

:ealize Ehe need to address the more sensitive i""r"" j-nvclved,

:ather than studying one narrow aspect. I also lacked t.he time,

-aboratory eguipments, and background information to be able t.o
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.omplete a pureLy scientific assessment of the damage sol"ely to

the Iogwoods -

As a result, my goaf became Lo observe the changes in the

lagoon more broadly, and in order Eo know the ext.ent. of the

damage, I needed information from pre-causeway times. Because

the Crooked Tree Wi]d1ife Sanct.uary was not established at this
time, there vras no baseline data, or even written descriptions of

the Iagoon before the causeh,ay with which tso compare. Hence, I
turned to the people liwing righE. here in the vi11age, an obvious

source of information. It was their opinions and concerns which

sparked my interests in the gocioeconomic implicat.ions of the

causeway, as well as the environment.al impacts. The fact thats my

tsopic developed in t.his way I feel is reflective of my overall
experience tshis semester in Belize. The cyclical nature of all
economic act.ivit.ies and developments straEegies has been somelhing

I have real-ized and been fascinated by, since coming to this
country. People use t,heir envi.ronment. in various ways to meet

their needs and desires, and the result j-s a changed ecosystem

which goes on tso affects other economic actsivit.ies, and t,he cycle

conEinues- This is not to say tshat all developments should be

halted and the environmenE left untouched. The consequences

depend on the scale of the activity and the specific ecosystsems

involved, which is why specific case studies need tso be carried

out before decisions about managemenE can be made. My project is

as much of a case study as could be carried outs i-n tshe time

available. It is my hope chat it will provide a basis for
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further exploration and investigation tnto the

ultimately lead to decisions which can benefit
wefl as the village.

issues raised, and

the sanctuary as

In order to ful1y understand the information included in
this sEudy, i! is importants to know the background and history of
the area in which the study was carried out.

IE. is suspected thats Crooked Tree is one of the ol-dest

villages in Belize. It began as a Brit.ish logging settlement,
was the cent.er of t.he 1og:wood indusEry since 1G50, and was

officially esE.ablished as a village around 1?50 (anonymous, BCES,

p. 2) . Logwood trees ( I{aem atoxylam carnr,echianum) contain a

reddish heartr^rood which is a key ingredient in t.he manufactsuring

of aniline dyes. Thus, they vrere very vafuable to the Britsish.
These t.rees were actuaLly Ehe initial attraction for the British
to set'tle in Belize, buts by the l-atse 1?00,s E]mthetic dyes had

been developed, and they t.urned to other timber resources,

especially mahogany. There was a brief revival of tshe logwood

indust.ry during worl-d War I when the dyes were again in demand,

but. for the most. part logwood t.rees are no longer used for tshis

purpose. They are cuE today for fencepostss by the vilJ-agers, but

this activity is monj-tored and fimited within the eanctuary under

the Crooked Tree Wildlife Sanctuary Management Plan and tshe

Loqwood



l;ational Parks SysLems Act of 1981. The stands which now remain

::r the Crooked Tree area are the only ones Left in Belize.
The Iogwood tree is part of the Iegume family. It is a

smalL tree with a ',compressed and fluted trunk',, smooth greyish
:ark, and plenty of short spines. Its l-eaves are "glabrous and

pinnate" wiEh broad, wedge-shaped 1eaf1eE.s (Stanley and Record,

.. 78) . The distribution of these logwood stands is a factor of
its j.nteresting ecological range of tolerance. It thrives on

swampy lowl-ands because its roots must. be immersed i,n water for a

cerEain amount of time during t.he year, but also need to have

cime out. of the water. This explains erhy t.hey are usually found

in wetland areas like Crooked Tree. The $rater 1eve1 naturally
increases and decreases during the year, allowing the logwood

roots t.o have their time i.n and out of the watser.

The Crooked Tree Wi ldlife anctua rv

These extensive logwood stands were jusE. one of the reasons

for the proposal Eo make thi.s area protected. The region

surrounding Crooked Tree has been descrlbed as a ,'netswork of
inland lagoons, r,raterways and swamps " (anonymous, p. 1). This

makes it an ideal place for birds to flock to in the dry seaeon.

Food becomes scarce elsewhere, but t.he various species of migrant

and wading birds can still find fish in tshe lagoons of Crooked

Tree. It. also serves as a major stopping point for birds on

Lheir northern migration in the spring. The logrwood swamps are
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roosLing grounds for Boat-billed Herons, Chestnut -be 1I ied Herons,

and Bare-t.hroated Tiger Herons. The Black-be11ied Whistling Duck

and the Muscovy also nest in trees along Ehe swamp.

The wetland area is l-ocated aL )-'?o 45, North latitude and BBo

32' West longitude. and has an altitude of approximate]y 45

meEers above sea level . It is 45 kil,omet.ers nort.hwest. of Betize
Cit.y and consists of land in both the Orange WaIk and Belize
districts. The actual area of the wetlands i_s between 8OOO and

10,000 hectares, though t.he area considered protected is only
about. 1810 hectares (Scott and Carbonell, p. 311). Meaaurements

were made 300 feet inland from each waterway, and this was

designated as tshe Crooked Tree Wildlife Sanctuary. The Sanctuary
can be divided into two part.s- The larger section is made up of
six inEerconnect.ed lagoons (Revenge, Western, Crooked Tree and

SouE.hern lagoons, and Spanish and_,poorhaul Creeks) which drain
south t.hrough the Black Creek to the Belize River (see map -

Appendix p. 3). This area comprises 11G0 hectares. The emaller
part is located east of t.he Northern highway, and is made up of
Mexico and Jones IJagoons - 550 hect.ares (see map- Appendix p. 4).
Birds travel freely back and forth bet\reen the two areas.

Part of tshe site (sout.hern tip of the Northern lagoon and

the upper Black Creek) was proposed for protection as a i3ird

Sanctuary in a 1958 National Parks Study croup (NPSG) Report. A

Iat.er report by the Food and Agriculture Organization of tshe

Unit.ed Nations (FAO) proposed thats it be declared a NationaL

Reserve under t.he Nat.ional Park Systems AcE (NPSA) . fn l-98L, t.he
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Befize Audubon Society (BAS) proposed a much larger site for a

Wildlife Sanctuary under the NPSA, and in 1984 iE was officially
established.

The large wetfand wilderness which is the Crooked Tree

Wildlife Sanctuary comprises a variet.y of habitats: shallow open

r.raters, ext.ensive marshl-ands, logwood swamps. and the forest.ed

region along the banks of the Black Creek. The water empEying

from the lagoon system draj-ns through these marshes and forested
swamps and becomes the B1ack Creek, which runs Ehrough

approximat.ely 10 mi.Ies of t.ropical forest unt.i1 it. makes a

junction with tshe Belize Rj-wer (anonymous, p, 1). This area has

been descrj.bed as having "a unique and complex hydrology', (Mi1ey,

p. 421 . During the rainy season (,Ju1y to alanuary) t.he area

becomes basically one conEinuous lagoon, which is ,rfil1ed from

al-l sides with substantial- volume ". (Miley, p. 421 . The high flow
of the Belize River during this part. of tshe year cau.ses Bl-ack

Creek t.o flow in a reverse direction (south to north) . Once the

rains stop. the drainage is in a north-south direction to the

Belize River and out to Lhe Caribbean Sea.

The principal tl4)es of vegetation are the submerged aquatic

vegetation in the lagoons, the extensive shrub borders to the

lagoons, the forests of Haematoxylum campechianun, mixed pine

savannah. and some hardwoods along the Black Creek (Scott and

Carbonell, p. 31.1).

The sanctuary is a criE.ical habitat, especi;lIy in the dry

season because the shallow open water prowides feeding grounds
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when other feeding grounds are dry. It is also especially
critical to wading bird species because t.here are no steep banks

and the water j-s shaflow enough for t.hem to reach the food. Food

for birds consists of big apple snails for snaj-L kites or
limpkins, vraEer insect.s, frogs, smalI fish or freshwater clams

for other birds, and water plants for ducks. There is no

complete documentation of fish species found in the lagoons, but
there are about 15 species which are most. representative of the
Northern lagoon, and t.he five most common are the Tarpon (Tarpon

aEl.anticus), the blue catfish (Ictavrua furcataus), Tuba

lCichTasoma friedrichsthaTi), Chrona (CichTasoma uropthalmus),

and Bay Snook (PeEenia spTendida) (Hecker, p. 44).
The lagoon is also home to a1I of Belize.s species of

freshwater turtsIes (including the endangered Cent.ral American

Rj-ver Turtle, Dermatemys mawej or,"hicatee,' as iE. is known

1oca1]y) . olher endangered species found here are Moro1et., s

crocodj.le (Crocodylus moroTeti') and the Common Igmana ( Iguana

iguana\. CentraL American Otters (Lutra aaectens) also swim

these watsers, and Black Howler Monkeys (AfouaEta pigral can be

seen and heard in the surrounding forests.
The birds, however, are what most tourist.s come t.o Crooked

Tree in search of. The wide variety of habit.ats provided in tshis

wetland area, as described earlier, makes it ideal for a vast
array of different bird species. A complete list can be found in
the Appendix on page 6, but the most famous is ti." ,Jabiru stork
(Jabiru mycteria'), another endangered species. wit.h a wing span
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rf eight to ten feet, it is rhe largest flying bird of
ilorld. There are two pair known to be nesting within
sanct.uary ( CTWS pamphlet, 7994).

the New

the

Aside from t.he wildlife it supporEs, this type of wetland
environment. is important in other ways. It is essential to have

an understanding of the different roles wetlands can p1ay. In
Scott Hecker' s report, The Freshr^rater Wetl ands of Northern Bel- i ze

(1987), a wetland is defined as 'ran ecosystsem which has marked

features brought about. by the presence of water during aII or a

signj,ficant part. of the year" (p. 3). There is a broad range of
habitats that can make up different. types of wetlands. A main

characteristic of E.he northern half of BeIize is its flat
topography and relalive abundance of wel1ands. This is reflected
in the fact. Ehat Ehere is only one major highway, the Northern
highway. This t14>e of terrain makes it difficult to build roads.
The soil- is mostly lj-mestone based, a geolog,ic trend seen

t.hroughout Belj-ze. fn addit.ion, soil-s in vretland areas usually
have E.he highesE. fert.ility due to the accumulat.j-on of fresh
alluvium and deposition as velocity slows from flowing river to
st.anding r^raEers of a lagroon. This attraclive soil makes f or an

abundance of good farmland in areas surrounding rivers and

Iagoons. The availability of this land is a major reason why

weElands in nort.hern Belize have remained for the most part
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-:-disturbed. Often, in ot.her countries, wetl-ands are dra j-ned to
::oviie land for agricultural use, but j-n this case there has

::en enough other farmfand that the wet.Iands have been 1eft. The

::gion is sparsely populated with small villages of farmers and

i:shermen developing along watervrays. people are now realizing
::1e advantages of leavj-ng t.his area undeveloped and unaltered.
li:tlands systems have many beneficial- functions,, such as tshe

crntrol of water pollution. pollutants contained in sediment.s

s3ttfe out as the velociLy of tshe wat.er drops. Wetlands are rich
$ith biological productiviE.y and have a vast array of pl_ant 1ife.
?hese planEs serve t.o trap sediments and decrease t.he cloudiness
cf the waEer. I{erbicides, fungicides, and insecticides, as well
as excess phosphorous and nitrogen, are all components of
agricult.ural runoff which threaten lrat.er aupplies. When streams

craining agiricultural regions pasa into wetlands, some removal of
nut.rientss and t.oxins occurs. Nitrogen can be absorbed by the
crganic detrit.us found in r,ret.lands or taken up by plantss. Toxins

are trapped in sedimentss, or else rendered intso a more innocuous

substance through changes of a chemical or biological nat.ure.

!1f of these funct.ions are performed much more efficiently by

standing bodies of water t.han by flowing wat.er. However, an

extensive syst.em of weE,lands i.s necessary. Once a wetland is
separated from lhe overall circulatsory pattern, these functions

can no longer be carried ouE as well (Hecker, p. 34).
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irooked Tree- A Communit.v WiLhin a Wetland

Now that this role of wetl-ands has been discovered, it seems

;here have been increased efforts to protect them, due to the
ways they can benefit us. In some areas, however, people have

long realized their dependence on these ecosystems, and have

developed a working refationship with t.hem. A look at the past
200 years of Crooked Tree History shows just this type of
interaction betsween the villagers and Ehe 1agoon. In the very
beginning, the creeks and lagoons serwed as t.ransportation- a way

to travel inland and reach the logwood forests desired for export.

to Grea! Britain. The area surrounding the lagoon gave t.hem a

pface t.o build homes and other structuresr as well as veget.atj,ve

maE.erials with which to build them. As mentioned before, this
land was very fertile, and t.herefore was ideal for gardening and

raising livestock. The lagoon itself provided them wiEh enough

fish t.o feed their fami.lies, and then go on to sell some at the

market (which Ehey reached by way of t.he lagoon, creeks and

river) . In addit.ion, the water from t.he lagoon could be used for
drinking, bathing, and washing. people even developed their own

pharmaceuticals from herbs and plants they found growing in the

marsh .

There is yet anoE.her hray that people hawe benefitted from

these amazing ecosystems. Wetlands function as ,bi-g sponges".

As we know, Befize has been subjects to hurricanes and heawy

rainstorms from time to time. wetlands help to alleviate much of
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- .--a oa-:iage

: - coi:::g of

by absorbing

the village
greal- volumes of waLer and preventing

and surrounding areas.

So iE. woul-d seem Ehat villagers in Crooked Tree (and other
s:milar communities) had a1f E.hat t.hey need.ed. They had

arparent.ly establ-ished a harmonious relationship with their
l agoon and saw it. as an essential part of their exist.ence.

C:ranges must come, however, and frequently do in the form of
development. The first. development. was an access road built west

from the Northern highway to the lagoon, but. not aIl the way to
t:e wiJ-1age. AlE,hough its provided convenience to the villagers
(a much shorter E.rip by boat.), the road made the area much more

v--rlnerable to hunE.ers and fishermen. The increase in commercial

fishing of t.he lagoon significant.ly depleted the fish resources

for t.he villagers. The next major development came in 1983. A

3100 foot causeway was built across the Northern lagoon. The

pianning and consLruct.ion of the road was carried out by the

Ministry of Works of Belize. Worfd Bank and the Unit.ed States

AEency for International Development (USAID) provided financial-
assist.ance for this and other similar road-building projects as

lre demand for Ehem was increasing at. this time (Hecker, p. 40.

The causeway was buift without culverts or bridgres, and was

essentially a dam dividing the lagoon into a northern half and a

scuthern ha1f. According to Ehe Management Plan for CTWS, "no
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:rrma-r hydrological or other engineering studj-es were carried out

::fore construction" (p- 5). In his report, Hecker states that
--ee road was "poorLy designed,, as were others during this period
:i high demand and rapid development (p. 31) . He feels that the
causeway to Crooked Tree viffage has had "severe ecological
:cnsequences". These include drastic changes in waEer chemistry,

cemperature, and turbidity, and the resultant changes in plant
and wil-d1ife communities. The causeli,ay interf et:ed wit.h and

blocked the natural drainage patstern of Ehe lagoon system. As a

::esu1t, this causeway has been a source of much conEroversy over

the past 12 years.

Vlhen iE vras firsts bui1E, some felE the causeway would be

<iestroyed by t.he pressure of t ater building up on the north side,
and it. was suggested that. E.he causeway be cut in some places to
a1-1ow drainage. fn August of EhaL year. tshe Executive Committ.ee

of t.he BAS decided that the causeway should be left for one year

as it. was, and then they would see what. action should be taken
(BAS Bul-Ietin, Aug.ust 1983). It ended up being IefE for tshree

years- until l-ate in 1985 when Ehe water reached unusually high

levels in the lagoon. Water was fJ-ooding and eroding the

causeway, making j-t dangerous t.o drive on. In order to make it
safe again, the Ministry of Works had tso perform some quick

repairs tso build the road back up again. Public opi.nion was

aroused. People could see that the repai.rs would not last and

wanted a permanent solution- Many feIts that bridges shoul-d be

cut. through the causeway to a]Low drainage. However, noE
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:veryone agreed with this solution. Many people had been

"njoying Lhe benefits of a deep reservoir of water year round on

:he north side- a result of the damming effecE..

Around the same time, in 1985, people began to not.ice

anot.her consequence of the causeway. The J-ogwood stands on the

:rorth side appeared tso be dying out. and were no longer as green

as t.hose on the sout.h side which were stilI growing as t.hey

normall-y wouLd. IE wa6 a while before people associated tshis

phenomenon with the presence of the causeway. It had t.aken a few

years for the effects Eo show, but then it. was c1ear. A large
percentage of the onl"y remaining logwood Etands in Belize were

dying out as a result. of constant immersion in water. Sj-nce t.he

causeway had been built. the roots of these trees had not had a

chance to aerat.e. Instead they had been watserlogged in the

increasingly deeper watsers of the_,reservoir. Once this cause-

effect relat.ionship was discovered, it proviiied yet anoEher

reason tso cut the causeway. People began pressuring for a

solution or some sorE of action, and the controversy heated up.

The August. 1983 issue of the BAS Bulletin described some of

the advantages and disadvantages of leaving the lagoon as it !{as

at. E.hat time. The village fishermen were some who felts most

sErongty about 1t. As a year round reservoir, the north side of

Ehe lagoon also functioned as a natural hatchery for fish and

Eurt.Ies, and allowed many more to survive the dry season than

wouLd have if the wat.er fevel decreased as it had in pre-causeway

times. This was seen as an economic benefit. The fish caughE
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irouf d be larger if t.hey were allowed to stay and grow in the
r:eservoir instead of migrating to other deeper waEers or dying
cut when t.he dry season came. The turLle populations also
flourished. They could be caught in abundance and sold t.o

vendors. especially ,'hicatee,', which is a great. delicacy to
Bel-izeans. People saw the effects of the deeper side of the
lagoon on their wel-f s and waEer supplies as the water table
became higher on Ehe north side of the viIlage. Shaflow weIls,
usually empty in the dry season. could now be used throughout t.he

year, Some saw this abundant. water as a potential for small
scale irrigation, There was also the aEE.raction of being able to
swim and bathe year round.

On the other hand, drawbacks of the uncut causeway were also
pointed out.. Some people viewed t.he dying logvood st.ands aE an

'eyesore' and aLso felt that thei:r demise was adversely affectingt
the wi1dlj-fe and f j-sh populations. The damage done Eo the
causeway by high water fevels was another prevalent complaint.
The unbroken causeway was resented by some because it created a

barrier to dories carrying produce from Lhe ,'plantasherc', (farms) .

And Iast1y, tshough some claimed to enjoy swimming year round in
the lagoon, others felt thaE the stagnancy of this still
reservoir was unhealthy and that agriculEural runoff was

beginning Eo accumulatse and make che waE.er unfit for use. There

was an increased amount of detritus in t.he water due Eo tshe dying

trees and fish.
The CTWS Management Commit t.ee met in June of 198? to try tso
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:rovide a solution to the problem. There was no ]onger an answer

,hich was clearly the right. one, and the people of Crooked Tree

:ad very different ideas about what woul-d be best. for t.he lagoon

as well as the community. The decision they came up with was to

-eave the causehray intact. and their justification included the
:ollowing projecE.ions. The dead trees would fa1l into the lagoon

and provide shelt.er and breeding areas for fish. Birds still-
roosting in the dead tsrees would excrete and further enrich the
waEer with nuErients. New stands of l ogwood would be established
further inland where roots could get. air. They planned t.o

stabil-ize the shoul-der of the causeway with cover vegetation t.o

prevent, erosion, and also sugg,ested building a landing at which

the dorj-es could dock and unload produce. The chemical

contaminaEion they fe1t. was negligibJ.e since t.here was a creek

betr,,reen the Northern and Weslern lagoons to provide some cross

fIow.

The PresenL Situation

Al-1 of these hlpoEheses are not worE.h much now because tswo

20 foot. \,/ide bridges rdere cut t.hrough the causer.iray in L992, af ter
a recommendation from Ehe First World Congresrl on Touristn and tshe

Environment r.rhich meL in Crooked Tree that. year. However, its

remains to be seen if this was the 'right' decision, or if there

even was a 'righ!' or 'wrong' decision. If the ecosystem had

begun Eo adjust to the high wat.er }eveI, as was claimed, then was
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it a good idea t.o drain the area and create anoEher disEurbance
in an already fragile system? Or was this just an act of
ret.urning it to the natural fevefs it wou]d have wit.hout any
causeway at alL? Through my research I hoped to address some of
these questions and find out more about the specific opinions and

argument.s of people in the vi11age. I also aimed to do my own

assessment of the ecological conditions of the J.agoon at the
present. time. These two things would hopefully come together to
give an idea of both the negative and positi-ve ef fect.s which
resulE from a development. such as this causeway, and to show the
vast impact and time needed for recovery after such a change.

Research for the project was conducted in Crooked Tree,
which present.fy has a populaEion of about 800. Its is nearly 1OO

percent Creole with smalf numbers of Garifuna people and. refugees
from other Central Arnerican natione (pers. comm,. George Tillet).

In order to accomplish my goals for this project, I used two

very different approaches t.o obt.aining informat.ion. There is a

side to my research which is more scientific due to my interest
in t.he ecology of the area. and. specifically how water quality
and vegetaE,ion had been impacted by the causeway. I felE a need,

however, to explore all sides of the issue, and thus wanted Eo

gain as much informaticn as possible from various peopte in the
village about their relationshj-p wiEh the lagoon and their
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feeling about the causeway and bridges, co supplemenc my or.rn

observations. Hence, my research methods can be divided into
E.hree categories: interviews and personal communication, water
quality testing and analysis, and vegetat j-ve plot assessment.

The interviews I conducted were raEher informal affairs,
rarely lastj-ng more than 30-45 minutes (see Appendix p. 7). Most

of the subjects were older men stj-fI living in the vi1Iage, who

had been fishermen and had knowledge of the lagoon in the times

before t.he causeway was buiIt. Being fishermen, their
livelihoods more or less depend on the conditions of the lagoon,

so t.hey were frequently very opinionatsed about the issues raised.
The questions usually asked were along the linea of the

following:
1) How would you describe the lagoon and surrounding area

before t.he causeway was bui.1t? in.,the wet. season? in tshe dry
season? in t.erms of fish and bird species? in terms of
veget at ion?
' 2) What were some of the changes you noticed when the

causeviray was first built? How l_ong did these changes Eake? were

you j-n favor of t.he causeway's construction?

3)Do you feel- that the bridges improved the situation? Why

or why not?

Sometsimes aubjectss would have more knowledge of one question

than another, and tshe discussion would go accordingly, focusing

on what they seemed most int.erested in talking about. In t.his

way I was able to determine what they felt. the most important
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functions of the lagoon vrere as well as their more general-

feelings aboul- human interference with natural- ecosystems. In
addit.ion to these interviews, much information was gained from
just spending time at t.he sanctuary office and discussing Ehe

situation wit.h the park wardens, tour guides, and even tourists.
This helped me to discover the different concerns people have,

observat.ions Lhey have made, and various poinE.s of view and

aspects of the issues I had not seen before. I also did not
Iimit myself t.o interviewing L.he ,aging fishermen, of t.he village
because farmers and ranchers also have a vest.ed interest in the
health of tshe lagoon - The water supply is essential to them and

wetland marsh vegetation is import.ant grazj-ng ground for caltle
and horses (see photo ?B on Appendix p. 14).

The second method of research was an attempt Eo make my orrn

observat.ions by performing water qlrality Eests in the lagoon. By

testing samples from bot.h sides of the causeway, insight lrould be

gaj"ned into the effect of the causeway on wat.er quality, and

subsequently the pLant and wifdlife that depend on water quality.
This process was also a learning process for me. as I had never

carried out. t.hese tests before and was anxious to learn how. One

of the sanctsuary wardens was exLremely helpful and. prevent.ed me

from making many errors, Test.s were done using the Lamotte

Freshwat.er Aquaculture Test Kit, Model AQ-2. Tests were done for
pH, ammonia nitrogen, nitrite nit.rogen, alkalinity (Caco3),

carbon dioxide. chloride, and dissolved oxygen. Temperature

readings were also taken. Tests for hardness (CaCO3) could not
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:: comr:Leted due to l-ack of one of the necessarv reaoents-

--rocedure for the tesEs was as follows:
l^Iat.er samples were collected from the two sites marked on

:he map (Appendix p. 5), one of which is shown in phocograph 6A

cn Appendix p. f2. Collecting bottles were first rinsed with
cistifled water, then with the appropriate sample water. A

remperacure reading was taken at each sit.e. A large bottfe was

iiIled with sample water for Ehe varj.ous tests. A special,
smal-l-er bottl-e was used to coflect the water for dissolved oxygen

tests. This bot.t.le was opened and fi11ed underwat.er to avoj_d any

air bubbles, and the cap was firmly t.ightened. Samples were

carried back to tshe sanctuary office where the tests were

performed.

A third method I used was thaE of vegetative plot
assessment. This was simply a way, of making my own observat.ions

abouE t.he veget.ation (especially logrwoods ) in an organized

fashion. TVo 20 by 20 foot pfots were set up on either side of
the causeway at roughly the same distance from the causeway.

I"Ieasuring tape and sEring were used to mark out t.he areas. The

plot on the south side of the causeway was the control and

represented the condition of the vegetat.ion when waEer Iewe1s

increase and decrease naturally and are not af fect.ed by the

causeway. The concept for tshis meEhod was taken from the Rapid

Ecological Assessment. (REA) conducted at BLaden Nature Reserve,

Bel-ize. The entire process of REA is ,,intended to "n=*"r "
specific need or question such as what the mosE appropriat.e
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-imits are for a protected area if it is to contain a

:iologically viable ecosystem',, In Lhis case, only a smafl

:orticn of an REA was conducted after the fact, to possibly

ietermine what t.hese limits shou]d have been were the area

:onsidered protecLed before the construction of the causeway.

-hese plots are just one component of an REA, the only component

:eafistically feasible for the scope of this project. The

process invoLved most.ly just observatj-ons and comparisons of soif
and vegetaLion, again vrith t.he help of one of the park wardens in
identifying species names. Information collected was recorded on

REA forms (copied from the Bladen REA book) which can be found in
the Appendix.

Resul ts

i"lhat t he Causewav Has Meant t o Vil-l-aqers

First and foremost, I did not. run across, a single person in
the village who fefE that the causeway should not. have been built
in the first p1ace, and I did nots realIy expect to. The road has

brought them many things, most of which are viewed as changes for
the better. Primarily it has brought. them convenj"ence- Ehe

ability to get t.o Belize City or Orange Walk much more

frequently, and on much shorter notice if need be, whereas before

they would have had to prepare for a iong trip by boat..

ElecE.riciEy 24 hours a day is something the villagers deeply

appreciate which might. not have happened if it weren't for the
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causeway -

It seems to me t.hat E.he presence of the causeway has made

Ehem less self-reliant, which could be viewed as both positive
and negative. Food can be bought from the market in Belize City
on a semi-regular basis if desired, t.hus decreasing the amount of
food it is necessary for people to hunt, catch, or grow

themselves. They can go to the city for any number of services
(doctor, repairman, etc.) which makes them less dependent on

people and services here in tshe village. A1so, whereas before

everyone in the vilfage worked as farmers or fishermen, now some

are able t.o go to work in Belize, Orange Wal-k or surroundingt

villages and commute daily or just. on lhe weekends. This

situat.ion has increased the financial, status of some, a

phenomenon also noEiced now that family members are able to go to
the United states for extended pe::iods of t.ime to work, and send

money back to their fami1ies in Crooked Tree. There i,s presenEly

a trend of those living in the U.S. returning t.o Crooked Tree. I
feel this is partly due Eo the sped up development. of the village
(a direct result of the causeway) . People who left tso work in
t.he SE.ates are now reEurning to see changes and an increased

standard of living, whi.ch was brought abouts partly by their
earnings which they 6ent t.o Crooked Tree- The village they left
behj-nd now more closely resembles a village they might have

inhabited while i.n the States.

The calrsevray has also exposed Crooked fr"a to a new indusEry

and potential for economic gain- the industry which is sti,eeping
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Belize- tourj,sm. Just as the causeway has ,opened up, Crooked

Tree t.o development., it has also opened it up to foreigners-
t.hose who come to Belize seeking adventure and wildlife, and are
willing to spend money for it- in other words, the "ecotourist',.
In a way, it is an ironic retationship. As mentioned before, if
the CTWS had been established prior to 1983, E.he Ministry of
Works would have probabJ_y gone through a very different. process

Eo get. the causeway buiIt. More studies would have been

conducted, and possibly ot.her alternatives proposed. Horrever,

t.he Sanctuary came aft.er E.he causeway, and in some ways this is
fortunat.e because those involved in tourism in Crooked Tree nohr

rely heavily on the Belize Audubon Societsy for the publ-icity
which brings tourist.s t.o Crooked Tree (via the cause$ray) . A160,

if the area lvas not protecEed and hunting continued, there would

no! be asl many birds. In the words of Jerry Enriquez, r'birds

come, tourists come". As eco-friendly as tshey are, tourisEs
might be less like1y Lo come if they weren,t assured of findinq
lodging wit.h aLl Ehe comforEs of home. The abil-ity t.o

accommodate tourists in a comfortable way is somet.hing else which

was realized with the causeway. This made its easier to obtain
building matserials. showers, electricity and food- the makings of
a t.ourist destinat.ion. The increase in tourism also provided an

alternative to fishing for a Lot of people, many of whom already
had extensive knowledge of the area. s wi,ldlife and could now use

this knowledge to cond.uct tours of t,he lagoon.

A11 of these developments are generally viewed in a positive
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,ay. However. some people did share ways which they fel-t the

causeway was hurting the village. One person explained how (1n

the Eime before the bridges were cut) it had created competition
and division between those fiving on the north side and those on

t.he south side. With the tourism business growing, boat tours
became popular, but those with boats on the north side could no

longer navigate down the lagoon to the Black Creek because the

causeway was in the way. It was an inconvenience to have to dock

your boat somewhere else and use different transport t.o get

there. On the other hand, there was some bit.terness on the part
of the south side inhabitants because of the abundant water

supply and ful1 wells enj oyed by those on the north si,d.e aI1 the

way through the dry season.

These feelings changed of course with the cutting of t.he

bridges, but some feelings which remain are E.hose of distrust of
outsiders, Sitting at the sanctuary office on a Friday

afternoon, I noticed an increased ffow of traffic coming int.o the

viIIage. These are people from the city or surrounding area who

can now use the causeway to come to Crooked Tree and spend the

weekend, This seems to bot.her some people in the village because

one of the benefi.ls of an isolat.ed community (ie; onfy accessibfe

by boats) is that. you can more or less know who is in E.he village
at any given time, and outsiders' trj-ps to the village are

monit.ored and much more obvious. Until recently. Crooked Tree

had been a village completefy free of crime and thieves, and

Lhere was no need to lock doors because everybody knew ewerybody
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efse- This has changed with t.he increase of outsiders coming in
to spend shorE. amounts of time in Crooked Tree. There has not
been a particularly noLiceable rise in criminal activity, but
many express concern that this is in their future, al-ong with the
infiltration of drugs and ilIegal substances into their
community.

The general feeling is t.hat the causeway has been a vast
improvement for Crooked Tree, though some assert Ehat its
consE.ruction coul-d have been planned in a better way. One

subject felt that it was too 1at.e by the time they constructsed

the bridges. The wat,er had already become st.agrrant and
I'poisonousr'. Anot.her blamed t.be government - he felts they have

engineers employed for just t.his sort of purpose, and someone

should have reali,zed the bridges needed to be in place from the

very beginning to minimize the disturbance of the lagoon. Its is
my impression t.hat the lack of study was the resuft of politics
as well as pressure from some villagers. Tl" need for an access

road had been expressed, and once t.he j-dea was in place in
peop]e's minds, it was only a matter of time. One man

j-nterviewed feIE t.hat as soon as people realized the benefit.s of
such a development, ',tshey want.ed j-t done as quickly as possible',.

Hohrever, tshese opinions are expressed only in reErobpect.,

and tshe fact remains that the cauaevray was built as a dam and the

effects of this cn the lagoon were significant. One of the

interesting effects was that fish and wiLdl-ife actualty increased.

after the construction of the causeway. The amount. of fish in
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t.he lagoon had previously been on the decline due t.o the increase
in commercial fishing of the lagoon (a result of the access road
which preceded the causeway) . There were no controls set or
Iimits est.abf ished, so fish resources were severely depleted.
The dam was seen by some as a ,rescue', from this predicamenE.

The deep water on the north side provided a haven for ailing f j-sh

populations, and within three years not only were there plenty of
fish on the norah side (and few on the south side) but freshwater
Eurt.les had also returned in great numbers. Some villagers saw

this incident.al fishery as an opportunity to ensure their fieh
resources for the future. However, commercial fishermen using
net.s were anxious to get at these resources despite the opinion
of those in t.he villlage t.hat no nets should be allowed within
one mil-e of tshe village.

Around the same t.ime t.hat pegple were noticing E.he j_ncreased

abundance of fish, they were al-so not.icing the death of the

logwood stands. The fact that it could be relat.ed t.o the dam had

noE occurred to people. It r.ras felt that because the trees had

survived part. of the year in water it would not be a problem to
go for the whol-e year. When they began to die, some felt it, was

a resuft of aerial spraying being done to ki11 marijuana plant.s

in the area. When they realized it was a result. of waterlogging,

t.he cry hrent up to cuts the causeway.

An interviewee who was opposed to the bridges expressed his
opinj.on that since the damage to the vegetsation had alread.y been

done, they shoufd appreciate what they stilI had Left as a
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:onsequence of the causeway- a potential fishery in che

:eservoir. In the end, those in favor of cutting t.he bridges won

rut, using the argument.s mentloned in section 5 earlj-er, as well
as the 'cat.tle grazing argument, . The nutrient rich grasses on

ihe north side of the lagoon had always been a prime area for
.attle and horses t.o graze in the dry season. With the dam. it
was completely covered with erater al-l- year long and could not be

used. After t.he decision t.o cut. was made, this same intervi.ewee
made a prediction t.hat fish would be complet.ely gone from the
lagoon in five yeara. He fe1t. Crooked Tree had given up iEs
sustenance for the future.

The first year afE.er Ehe bridges (and subsequent. drast.ic
decrease in t.he wat,er 1eve1s on t.he north side) hundreds of
turtles and thousands of fishes washed up dead on the shore
(pers. comm. , .T. ,Jex) . Nohr, in t.he second year, f ish are even

more scarce, with peopl_e going as far as four t,o five miles down

the creek to caE.ch fish. Before E.hey had aII that they needed

right here in t.he viltage. This'man feels his prediction is
coming E.rue.

Others would argue, however, that this is just the period of
time necessary for the lagoon to adjust. to iEs new Levels. They

see it as a natural adaptation of the ecosystem to a dj-sturbance

in iEs funct.ion. It. is aLso t.rue that t.his year has been a

particularly dry season- the driest. since 1925. Many are

proponents of the ,,hiding hypothesis,,. When the water Levels

decrease, fish retreat to source ponds further away where t.hey
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:an survive the dry (see photograph 7A- Appendix p. 14) and then
:ome back with the rains. Similarly, turtles dig down into the
:rud, and have been known to do this as deep as 1g inches down.

ihey Ehen return urhen the water comes back up. Therefore, some

believe that their absence is only temporary. But on the other
hand, even some of the ,source ponds, are drying ouE this year.
A1so, roads that have been estabrished r-eading to these areas for
the purposes of logging are allowing access to some fishermen,
who fish t.hese source ponds during Ehe dry season, thus
decreasing the amount of fish that can reEurn to E.he big lagoon
in E.he $ret season .

As far as birdlife aft.er the causeway, tshere was apparently
a shift in species due to change in habj.tat.. Species which
nested in the logwoods were found less on the north side than on

the south side as t.hese trees died out. They needed the shade

from the feaves of Ehe live trees to protect. Eheir young. There
were also more ducks and swimmers and fewer wading birds on t.he

north side once the water got deeper. The wading species could
no longer fj-nd food near tshe surface because fish had a chance to
retreaE t.o deeper waters and escape predation. When the dry
season comes, t.he waders rely on catching fish that are st.randed

when t.he wat.er recedes. This no longer E.ook pface north of the
causeway.

AsI
involved,

cl-ear1y

and this j usE

among

IS

found out, there are many different issues

what I ascertained to be

village. I had hoped to

a summary of

those in thethe varying opinions
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gain some insight from speaking to someone at the Ministry of
Works and finding ouL about Lhe causeway from their point of
view. It woufd be interesting to hear what planning went into it
and what t.hey expected to happen, but I was unsuccessfuf in
contacting them.

The C usewav and Water Oual-i-tv in the Laqoon

Having explored how ot.her people felt about the lagoon and

Ehe changes that had taken prace, r decided it wourd be necessary
Eo try to deE.ermine for myself, specifically what some of t.he

differences are on either side of the causeway 13 years after it
was built .

The vrater quality t,ests conducted were somewhat inconclusive
due Eo lack of daEa from before the causeway. speculat.ions could
be made, however, as to the signif,icance of some of Ehe

differences observed. My own results were compared with those
obt.ained by the wardens on Oct.ober 29, ]-gg4 (during tshe rdet.

season) and on April 1.&2, 1995 (a few weeks prior to my study.
Results are recorded on Appendix p. l-5.

,fose Garcia, of Tunich- Nah Consultants, sras consulted
regarding Ehe t.est results which were obtsained. He found that
Ehe pH, alkalinity. and hardness levels were all adequate for the
prot,ection of aquatic 1ife, and considered normal . The ammonia

and nitrite ]eveIs are a source of concern. The maximum

recommended. leve1 of ammonia for aguatic life is O.O2 ppm. A11

of the val-ues obEained were much higher t.han this, meaning that
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fish may suf focat.e (excessj-ve ammonj-a reduces the oxygen-carrying
capacity of therr blood) . The level of niLrite normally present
in surface waters is O.OO1 ppm, which is again exceeded by leveIs
found in the lagoon. ,,The presence of nj.Lrites in water
indj-caE.es acEive biological processes inffuenced by organic
polJ-ution" (Garcia, p. 4). It is suspected that lhe source of
E.his pollution is dying fish, dead t.rees and human effluents-

The dissolved oxygen fevels h,ere on E.he fow side. There is
no single recommended dissolved oxygen concentration due t.o its
dependence on temperature and variat.j-on from organism to
organism. It. is generally accepted, however, tha! concentrations
less t.han 4 ppm are det.rimentaL to most. aquaEic orgianisms. Fish
depend on certain level-s of dissolved oxygen to survj.ve, but
these levels can be depleted by the decomposition of organic
wastes. In two out of E,hree cases, the dissolved oxygen on the
north side was much 1ower, indicating that. the decayingr wood from

the dead logwood trees was using up the oxygen in the water-
Garcia concluded.that "the water quality.is adequate only

for low protect.ion of aquatic life', (p. 2). Furt.her testing of
the oxygen l-evels in the water would reveaL whether the orgarric
pollution is natural or caused by human activity.
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To supplement these concl-usions, it was j-mportant to fook as

well aE. differences in vegetation, and to go deeper than sj-mp1y

roticing brown, Leaffess trees to the north, and healthy, green

cnes Eo the south. For example, no one has ever taken a close
enough look to determine if the logwoods are rea11y dead, or if
iE is possible that they will make a comeback now that t.he wat.er

has been Lets out.. At. the outset of the research period, a waLk

out Eo the logwood stands pas! the second bridge (see map-

Appendix P. 5) gave a feeling of what the area was like. some

general first impressions of the north side include t.he abundance

of dead branches and twigs on t.he ground, as we1l as the facts

tshat many of the dead trees were on their sides and uprooted from

E.he ground. The soiL was cracked and grave11y, Iittered with
broken snaiL shells. Some dry grasses were growing. Many of the

logwood brush plants fj-rst appeared dead, but tiny green leaflets
on some were noticed with a closer 1ook. The logvood brush is
different. than Ehe logwood tree. ft is more like a vine, and

apparent.ly is bett.er equipped to wiL.hstand immersion in water. I
broke off a branch of a seemingly dead logwood t.ree to examine

Ehe cross section. fE was indeed dead. wit.h a greyish color
tshroughout. An abundance of bromeliads growj.ng on the dead trees
was not.ed.

On the south side. the ground was cracked but not as dry,
and there was more ground vegetat.ion. The logrwood treea were

clearly flourishing and were much more developej and taller than

their count.erpart.s to the north, not- having experienced the
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disturbance of thej-r naturaf life cycle. The south side had not.

experienced any disruptions, only the natura] comj-ng and going of
the water \"/iEh the seasons.

Approximat.ely one breek l-at.er, the vegetat.ion plots were

marked out and a more detai,led assessment rras conduct.ed (see

Appendix pp. 15-24) . The north side plot contaj_ned four dead

1og'wood Erees and six dead logwood roots. There was some

evidence of human acEivity in lhe area, perhaps collecting the
wood for some purpose. Four Mimosa plantss were ident.ified
(Ioca11y known as "sensible weed"). The ground area of Ehe plot
was approximatsely 80 percent covered with ',sour grassr,, a sharp

grass with greenish-ye11ow, burr-l-ike st.ructures. There were 43

pl-ants 1ocal]y known as ',suEumber", and one "ba1I etomachr' (1ocaI

name) planE with sma11 whitish flowers and needle-Iike leaves.

Logrwood brush (aIive) with tiny glreen ]eaflets was observed, as

well- as "hicatee berry" (Ioca1 name), a woody plant witsh whitish
bark and few l-eaves. There were nine bromeliads growing on tswo

of the dead J.ogvood trees. Ground liEter h,as .about. tswo inches

deep and consisted of mostly dead twigs, bark and snaiL shells.
BeLow thj-s layer was a layer of crumbly brown-g:rey soi1, E.hen a

more organic, whitlsh clay soil. The average height of trees in
this area was abouE 12 feet

On the south side, the plot contained 13 logwood brush

plants. There were no logwood trees conEained ir: tshe plotted
area. Due to its location opposite the north siie plot it
occurred in an area without E.rees. bett een ridges of lo$^rood,
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There was no sour grass in Ehe pfot and the ground ccver was

instead nearly 1OO percent ,,ba1l- stomach,, and slightly greener

than on the north side. Also noted were Lwo Mimosa plants, seven
I'hicatee berry" pLants, and two ',dog tone', pl-ants. There was

less ground litter and the soil beneath was the same whitish clay
witsh less organic matter. In general , a fot more logwood brush

was observed t.o t.he south of t.he causet ay and the log,wood trees
averaged a much greater height., roughly 30 feet.

From these observations some conclusions could be drawn _

The organic nature of the soil on the north sj.de can be

attributed to the build up of dead organic matter and subsequent.

decay of the logwood. Those logwood Erees that. sti1l remaj-n

standingi do not look as though they will make any sort of
recovery. Other vegetation in the area sE.i1l survives though,

and with more time new communit.ies, will be established with new

successionaf patterns which can function wit.hin the conditions
present. With time, the two sides of the cauE eqray will become

more similar due to the equalizing effect of the flow now alLovred

under the causeway. When the conditions are right., perhaps

logwoods will spread back over to t.he nortsh sj-de and begin to
gTrow agrain. If the causeway proves Eo be too great. of a barrier
tso aI1ow this process to occur, artificial reforestation is
another possibility. Logrwood E.rees could be plantsed on the north

side once the soil and water conditions were more equal to those

on the south side.
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Conclusions and Recommendations for FuLure S Eudl/

Alt.hough this study may seem slightly disjunct, it was

carried out in this manner to illustrate a point. The various
aspects of this issue which were focused on really are

interconnected, and t.his connection should be more apparent to
all t.hose invol,ved in making decisions such as the decision which

fed to the construction of the causeway. f came to view tshis

connection as a triangle. with the causeuray, the people of
Crooked Tree, and the lagoon at the three corners. Arrows point
in each direcEion showing the cause and effect relationships
described in this paper.

If studies along the lines of what I attempted (but more in
depth) could have been performed prior to the causeway, a lot of
the damage may have been prevented. The goal hovrever, is not t,o

cry over spiIt. milk, but to use E.his part.icular situation to show

what can happen to an ecosystem, a village and the relationship
between them when a major developmenE is not carefully planned

outs. The people of Crooked Tree have certainly learned a Lesson

(maybe someE.hing which some of tshem already knew) and hopefully

it will be a much different story when next an activity is
proposed which will affect their lagoon.

Crooked Tree is just one of many extensive systsems of

wetlands and lagoons in northern Belize. The drainage pattern

and natural flow of these systems is essential to their function.

Now that the ramifications of interruptingf this flow have been
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seen and documenE.ed, perhaps it will prevent similar blunders in
other wetland areas of northern Belize in t.he future.

For Che present time, it. is import.ant. to keep monitoring the
sj"tuation in Crooked Tree. Two possible ways of doing this and

gaining valuable information are related to and could stem from
the observatj-ons made in this paper. One is to perform r^rater

quality tests in anot.her area of the sanctuary where the logwood

stands remain healthy. This could be used for comparison, to
represent what the water qualit.y was most 1ike1y similar to on

Ehe north side before the causeway. I was unable to do such

tesE.s because t.here was no srater to test in these areas due Eo

the extsreme drlmess of this dry eeason. When t,he wet season

comes tshis could be done and compared to resul-ts from t.he ot.her

two sites. More conclusive inferences could be drawn as to the
specific effect.s which t.he causeway has had on water guality in
Ehe lagoon.

Another possibility for future study is t.o continue the p1ots

assessment method, noEing any changes that occur in the future-
In this way, keeping track of the area from now on, some trends
may become apparent. It. could be seen !,rhether the predictions
made were accurate or not, and could give valuable insight into
the ultsimaEe effect of the causel{ay.

What is most important is Ehe acquisition of accuratse

basel-ine data. With a basis for comparison, information gained

in the future will be more valuable.

Fina11y. it is hoped that the coflection of aLl of tshis
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:nformation wiEh Che addiEion of some new ins j-ght.s wilf lead t.o a
::rore complete understanding of this particular j,ssue and all of
:he different forces at. work, as well as a cl-earer look at. t.he

:igger picEure concernj-ng developmenE versus preservation. or how

:hey can go hand in hand. I definitel-y gained a more compl-et.e

'-rnderstandj-ng and realized what happens when one tries tso focus

cn just one narrohr aspect. of an issue instead of the broader

.oicture and web of int.erconnections .
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5OFIE BIRDS THAT CAN BE sEE}I
FROt't THE LAGoOT{5 AT THE

CROOKED TREE WILDLIFE
SANCTUARY

Least 6rebe
Pied-billed Grebe
Ameri(ao White Pelican

Olivaceous Cormorant
Anhinga
Least Binern
Eare-throated Tiger+leron
Great Blue Heron
Great Egret
Snowy Egret

Little Slue Heron
Tfl(olored Heron
Cattle Egret
Green-backed Heron
8la(k<rowned Night+leron
Yellow<rowned Night+ieron
Boat-billed Heron
Whrre lbis
Roseate Spoonbill
Jabrru

Wood Stork
Blacl'bellied whistling-Duct
Mus(ovy Duck
8[)e-wrnged Teal

Nonhern 5hoveler
Amercan wlgeon
Lesser Scaup
Black Vulture

Greeo Kinqfisfier
Ame.ican rygmy Kingrisher
Vermilion Flycatcher
Great Kiskadee
Boat"billed Flycatcher
Socral Flycatcher
Trop,cal Kingbird

Turkey Vulture
Lesser Yellow-headed Vulture
Orprey
Gray-headed Kit€

Snail Kite
Common Black+lawk
Black<ollared Hawk
Peregrine Fakon
Ruddy Crake
Purple Gallinul€
common Moorhen
American Coot
Sungrebe
Limpkin
Bla(k-ne(ked Stilt
Northern.lacana
Le55er Yellowhgs
5ol(ary Sandpiper
Spotted Sandpiper
Least Sandpiper
whire-rumped Sandpiper
Bar.d 5 Sandpiper
Laughrnq Gull
Gull-brlled Tern

Ca5pran Tern

Rrnged Kingfi5her
Eehed Kingfisher
Amazon Kingfisher

Tree Swallow
Mangrove Swallow
Nonh€rn Rougtrwinged Swallow
Earn Swallow
Bluegray Gnatcatcher
Prothonotary Wa6k.
Red-uiinged thckbird
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Interview Li st

The following is a list of people in Crooked Tree who were a

source of informatj-on to me, either Ehrough int.erviews, or personal

communicat ion :

I{arry Cad1e

Hildebrant. GilleL
,John Jex

Renny ,Jones

Ava Tillet
Elvis Til1et
sam Til1et

Steve Til]et

David Wade

Edwin Westby
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Water Oua1il-v Testinq Results

October 29, 1994
Bird' s Eye View Lodge First. bridge- North side

pH
NH3 _N
NO2-N
CaCO3
co2
C1
CaCO3
Diss. O
Temp

>8.0
>0 .4 ppm
>0.05 ppm
109 ppm
9 ppm
57 ppm
152 ppm
5.4 ppm
280 C

0
6
o5

<8.0
<0 .4
<0.05
108
2

0
Sppm
05 ppm

ppm
ppm
ppm

5 ppm
5 ppm

8.
0.
0.
'), )
10
55
35
3.

April 1&2, 1995
Bird' s Eye View Lodge

30. c

First bridge- North side

First bridge- North side

I
05

64
<1

8.4.
35 " C

<9.
<0.
<0.
44
<1
96
446
9.3
38'

<7.5
<0.5
<0.05
56
5.1
t20
508
3.3
280 CC

April 11, 199 5
Bird's Eye View Lodge

40

9.0
<0.
<0.

:"
7.A
30.5' C

15

f
E

T

t
E

I
T

T

I
lt

n

T

f
I
t
t

pH
NH3 -N
NO2 -N
CaCO3
co2
cl-
CaCO3
Diss. O
Temp

pH
NH3 _N

NO2 -N
CaCO3
co2
C1
CaCo3
Diss. o
Temp

E

T



RELIZE - PROTECTED AREAS

FIELD FORM /1 PROTECTED AREA DESCRIMION

Pmteclad arer Euab€rl

D.t : d{XrL-Ll-..111:t D'stri.I:

btitude & t ncitud€i

Surreror:

l{rorteE€ot

r:50,000 drp DuDb€r

Ekiitjoo ritr8e:

15
Beli2. grid refl

Owftrsbip:

Wrr..;h€d:

Nrdr. of pri[(iPrl coabd(s):

Sit lo.rtfur alpi

[App.od Erp o( ..e' .nd\or dr.w di.tllr bdicrtil8 lurrlb.r€d 
'urrcy 

ritcr whi.t will corr..pood to th. turr., 
'it. 

fordr.l

Oti nd icalcs survcY ei*c-

c o Ye0
0'08tt?P/'l\

4tJ

t6

r'JoBffi0J
hffitAf

fcroktD
t*ri
Lr*;; (

$
(

l

RAPID ECOI-OGICAI ASSESSMENT ' BUDEN NAruRE RESERVE ' PACA PROJECT ' 45

I den dfiers[,ocatioo

rmtcctea rree 'a.c.Lhrk€il lkf( \\]. S-
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BELIZE . PROTECTED AREAS

FIELD FORM #2 FOR SURIEY SITE II.{\ENTORY
Identifiers/t-oc!tioo

Prokrred rrer oro.: f( ji-

lCovet page for Survq, Sit Ob. poiarjl
hbo for ur€ rloo. if no Ob6 poiatr erc reordedi

Protelad rrc, nuobei:

Sur!€y sile same t! t 
'(,

ksurvey sitt ouoUer:

Da(. Al[r\ t3 '1S l:50,000 Eep uusrbe':

Lnarery 6I used) Trrc

Ifrerirl pholo: ro[/:_ _- ItiSbt lircr: 
-- 

freEc r: drtc 10,t0 h{rtbo:
Diretio6 for bcltioa Surve, rita: n4

hch an t
6

O*rershipi f,lrErgaE.=i-:

Nr6c of prilciDrl cootict(!):

s

L.rd of ilforsati'tr tralcr.d: Nu.rbcr of Ob6arrttb! poirtr yitt ap6ri.r tistJ r,ittoot rpccfcr ftG: _
If Freld fora 13 wrt co'pler.d for .r, ob6. Rs., sirc oh6. FL , .od luEb.r or FoiD Bi cooplerad rt rrrt ob.. pr-

'.i

Ms..llsrcoul coDecrB/obser.viab[5:

[D'tw r topog"phic dirSr'E of r!' rurrc, rit. riac *itt oh*rrrtiru poirts .Dd ptoar Gf rpprirbre) Errl€d io.r

Surrq' iit [with ots€ryrtba poiotrl:

l'= -,.---,.. i;::ii:.!.!.!i::r,",--,r ..Er1-r--ffi

Sunrror:

Elerlrbo ranBe:
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oBSERVATION POII{T DATA lcootitrusrios of field forE t2, PaSe I of i r€i o[.] pa8e! fo. ob6 Point d.t l

Croglu.it, orm.: Nuob'rof Fdd fo'o 
'l 

plots

lr/ s
I r L{'g

Pror..t€d rre, "r-", l-(.uUed 1Y$

bL & lrn8. Bdi't Srid ref:

Obterrrtbo point trumber: O.P. photogrrph, photoSrspb.r: 

-

Protea&d ire, ouBber:

SurYe, sitt ouober:S!r"e, sita urme

Ro[ rod frrm€ ,

Elt'itioD

Phrsb2nomk chs!
_ nuhipL croop, fo..tl
X ti!81. c.oop, fo.csa

_ woodhod

_ rrub
_ lraa ttrrlrl
_ rhrub arY.Dlr
_ 3r.$Lod
_ f.rrlr.ld
_ oi:rcd icttrctour
_ r9aEd, redr|d',

_ ro{-ra8drtad
oltar

_ Lcus(rb€
riY6ioa

_ prlustrioe

rL t rr.strirl

Slooe (dezre6)

jllllat,0-,4
_ teltlc, l-5
_Dodeiraa,6-14
_ ,oEcrYhit !taa9,

t5-
_n4a,27 - 15

- 
vcry d.ao, ,15 _ 59

_ .brupa, 70 - lm

-ovcrhrrgiog, 
> 1010

- 
tulroia

_ rt p in abp.
_ .bpc
_ plrt .u

- 
ctlf

_ trlb,
_ phi!
-X, 0l!.r

ToooEraphYDco(h of
lnform!tbtr .!ther.d

..[ gcacrd irfomrtbo
(fi.ld torE ,2)

1 tGr.r.l ip.ci5 lid
(fidd forE /2 li't)

_ plol or trrLr.d
(rdd fo.n rB)

Ocnn o( &rcr leya:-ALi![ff:1.

Soil ttpe oll v ia-

Colou.l ftgha brovr 
- 

drrl browr 
- 

blrcl 
- 

rad 
- 

orrota- ,db'-

odroorPhi.
sotL
B.drocl:

D.ainte.
_ r.t dqS.d

_ POOa

- 

Eodarrta
v rdl dnir.d

Structura

- 

Lbcllk
_ Dbtdit.
-__!i_.ruab
_ rir8l4r.i!.d

Estira
- 

clrY

- 

tll(

- 

arod

_ b.rr
_ oody loro

_ &y bro
_ r.d, cl., lorm

Y riltr lorE-i- otla silfu I lav
' toarh

Ter.ture

GENENAL DESCRIPTION:"*"H."rffi;;ri"i p,';'+ is a 2o-lr ty 2oO ptdf w'ltui" or,o.rc4
otioa lqwod s{a^d, elrlA oli4t lonLrtsurvi/'t Ygclaltll'
It i an arh Llsuqlly tr^rt rwattr ri"' llte w1l *AkA

)

?

)

t{u\qc
C^uS <".oY

)

ll )t)
> dea rl
b5vrcor;l

)
aDIAGRAM OF OBSENVATION POINT:

($.ludc rn, psrtiauhr di..dio6, ud positb8 of d.lriLd Pht)

g. id.se

a,rr(+ura\/
- olr,ca

i)
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orre, y'fl4rl )b 95 tp-t (N,NE,ESE,s,sw,w,N'Lv or desr... or North)-....t_-

Ecolorical SrsteB

)
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I

I



coNsERvATIoN(fiIoutlheopth$belogtoiod.(tt.tbeco$€rv.tbtrpoklti.lorcolditjoooft!.comduoil,(&cEo)uod.r'tudJ}

EO qualil]: C€, how repr€s€ntrtiY€ '!t ttris o.currc!c'? Coasa€r th' ti'a of ftre prtch rod t[e vitalitv rnd 
"iaour 

of tic plrotr)

& Ercexetrt B-M C - Mrrginrl D-Poor

EO codditioD: (ie, is tbe comsuoity pristin' or derrded? ls th6c t pot€Btirl (or the congluoit' to re'oier fmE d'nturbrac'5?)

A - Etcellenl I - Good C - Mirgir'l (Dl Poor

EO iiabiliry: fi€. $hi( rre tltc loog tr-rd PrGPdts for cootinued Bist'ncc of ttb oc'urr6cc rl Lbc itrdkrt'd kt'l of qurlit'?)

i - sxceltenr B-Gbod G- M.rrSi6d D-Poor

EO dcf€[-ribility: 6e, cro tib o..urr.!.c ba pmtadtd forE 
'rtri['t 

bu6rn flctors?)

I -'extoert $' c-a c - Mtrti l D' Poor

Eo rrall (coosen.tioo pottotidlloporttDcc of thh c,6au!it, occur.dce' 
'uEE.r, 

o( rlt cJit.ri. .bo'.); A tr c D

POINT DATA lcoatiouatbo of field foro 
'2, 

Prg€ 2 of r sei o( 3 pa8e5
OBSE

Suffe, sitc aao€: \tr-,t F tn
+1,r

I

tor Ob{ Poltrt dr(al
RvATION <ltDste:Obs€r.rstira Poi-ot ouDb€r

Eraent. of disturbtdcc (cut or bur!.d itu(ops' t it!' d'):

Rrr€ sp€des:

STRUCTURAL PROFILE

Succc$bo.l rtrS€: ..r1, 

-

tett X mixcd
a;ddl. 

-

f,trf bcr pcrbdtiY: .r6tr..n _j(_ d.ciluoul 

-

t..f ttpe bmrdf{.f-X- !..dld.r(- Eird-

Do6id.!t rp.ci6/frditiea_4.t.r of DoEi Ett
Cov.r of byarH.i8ht (E)Strrtud

min,tra I

Traa hvcrt
E0cltcot

Craopy

Subar!op,

Shrub larcrs
I

l

Hffb llttrr
Grrm'rroid

Forb

Mixd

Olherl
Bryophyt4t

Epiphrtar

'Lbnrs

-anc \a.\rt (.

o.fi:YC'Y

3n

I rtt

fheatel*1 la- corD[x\b ) d rv rn

grnood ballh\

\ 61a I rorrts

brrar*rrai f crtl'd '

Uoregdrtd surflc.j brrc ro -! rtooes & 8.std 

- 

kaf U6.( b.doct 

- 

rrad-

Corer: 7=95-100%; a=15-95*i s=5G75 ; a=25-50%i 3=*25$; 2= l-57.,1=ol% lo

uinl0s4
sa,r( q e(6)
s\rsur*x P
hall sla?arh
hi.J,.l€.@etY
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DATA tcootiauatioo of field foro 
'2, 

I'a8e 3 of r s€t of I paSe' for Obs Point drt'l

Obser"

OBSERVATION POINT
06 separatt PAges) o^r., l,!-tlr I l?> l'illdcENERAL SPECIES LIST ois. .tior Polot ouoxb€rl 

-

l\ s-,c-{
SurYe, sile naoe:

Cover_
AbuodaDce

Speries

L:Ur't., i(

ar\rla

21.

.l7o

L7t

6 
^.r

l&Dar :r,{iarr; (4f l;{ j-li-'

logwt-cl 
"',''u'r' 

i"

b6((t S krnacL

plr 105aL

GWumL{A

h;rakt l-z--l

)o"r1r ilil'J
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i ,r"rr, - **or"ttED AREAS

rIELD FORI{ #1 PROTECTED AREA DESCRIPTION

Idtnli€15rIr(3tioo
-S. P.ototd .,c. outboto

Frqrctd rree naoc:
r:50,000 ErP ruob€r:

Sur'zyor:
ortc APrt t6\f oi'trttl

Elerrtiod r.og':
htitud. & Irotitudc

B&c grid r€I:
Mt.-rge6€nt:

0rl.rrhiP:

Nr3. of PriffjPd coottd(!):

SL. bcrtbo ErP:

[Arp.Dd DiP of rrt' .od\or dr.w dirSr'6 iBtt'rdtitt rudb{red turrct tit'i rvhict rdu corr6pood to t.bc rurret ti& for6l'l 
.

@rrrt 
ielet suP vr';t t l€

i

I

qrt.)

(f,ur':i
I rR[k
r 1";,al

,\kKrPflad.
ttlt.rtu,AI

I

\)w

ketB

T

T

T

I

I

I

I

i

I

i
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BELIZE - PROTECTED AREAS

ldentifie6/l,orst'ron

FIELD FORM /2 FOR ST'RI'EY SME bIITNTORY
lc.ec. paae for Su.v€v Sita Obs Poirlsl

lslso for ute rlode if oo Ob6 Point5 rr. rc.ordGdl

Prot.red rre{ o!me: Lgoclctl fV(e w.s. Protected rre! sumb€r

SurYel sit naglc: -9uvtas45urYey sit ruEbar: Surreyor:

Date iir li5 
r,so,ooo mrp uumber: Elerrtbo rroge:

lqggrt Gf u5€d) TrPq

If r6i.l phob: mll ,: 

- 

flis,ht li[c r: 

-- 

fr.Ec r: 

- 

drt : 

- 

l0'l0 loqtioo:

skt; FDir€.tiooi for bcrriag Sur'.,

\ 1t-ho sik

O*!.fship: Miorgcoert: Li

NoE€ o( priadp:l cortict(s):

t..vd ol taforortbr gethcred: NuEb.r of Ob6ert.tio! Pdrtt lvittr tp..i5 lb,I wiioul tpoci.. [sb: 

-
tf Er€H forD ,3 wr! c.oplald for uy Obc. Pb., girc Obc, PL , lod tluob.r o( Foro ,36 .oEpLLd .t l[rt Ob.. PL 

-

Irts.e .racous co6oeoti/obse-rrrtbos:

Suncl rilc lwith obcerrrtbr poiltll:

lDr.ti r topoS.rphic dirgrrd of tlc.urtc, .i& 6!. rrith ob6crtrli(}! Pohtt rnd phdt Ct rPPlicrbl€) Errlcd b.!
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OBSERVATION POINT DATA [codtinuatioo of ficld IorB t2tPzEe I orr t{t of ] psgts for Ok Poiot dlt l

Prot4(red rrer oaoe: CQ*Ct Ct l:l1< Ui' .'j Protaatad rrei Du6ber: _

Surre, sitc n.m.: tfi ( . tJ(- SurYet tite Dueber:

obserrrtbo point oumb€r: _ O.P. pbologrrpb, pbo!o8.rpher:: 

- 

Roll rrd fr.Ee ri

l,rt. & l-od8.: Bclir trid ref:

Datc: It5t (tup..r (N,NE,E,sES,sw,w,Nw or d€gre.r of No

Cooouoit, ntrD.:-NuEbe.of Frdd forE ,l phds;

IXo(h of
Informrtroo !3tIcrcd

{ t.!.J.| irlorEttbo
(field forE ,2)

IL tc!6rl tp.&s list
(lkJd forE ,:l Ln)

_ pha or tr'rAlacl
(field aoro ,B)

Tooosraphi

_ ruoBia
_ rt p i! !bp.
_ rbp.

- 
phteau

_ difi
_ vrlle,

- 
phir

Shpc (derr€ea)

lClL.,0-a
_3cnalc,a-5

-@d.rrt,6-l,l_ 'oeewhrl 
itaap,

ts-
_neA,27 - 15

_ r.r, rtlap, 45 - 69

_ .bmpq 70 - 100

_ovarhan8idt, > lm

F-colo!icrl SYsaem

_ asturriac

] .itcrllc
_ pelustrfuc

4 t rr..rdrr

Pbrsioroomt chr!
_ Dultiph crrop, ,or.st

rL rinSL .lop, fo..il
_ uoodlrod
_ aarub

_ t aa $rroor
_ rtrub rerenm
_ trr.'rhld
_ f.rlrrld
_ oixcd hcrbrctour
_ tprrd, r.3dra.d
_ .o6-rrra!br
_ .o!-r.8drLd

o(ict

SOIL
B.droc!: kreout t diEcrtrr, 

- 

ltdrEorphic

Colouri li8ht bmrvD 
- 

drrt bmwE 
- 

bLct 
- 

rr{ 
- 

oarDSc- dlow- ochra- o&.r J-- Dcgt or [ttr Lytr:j$S{
grq/E.oNn

Tdtnre

- 

ch,
_ tilt

- 

tatrd
loro

_ clr, IorE
_ tsod, &, loro

rilt, loror
x orle' SiWchY't6r|

_ sod, loio

Stmcturu

- 

bbcUi&c
phta$f.

_L crunb
_ rirglc?raiB.d

lnlssitc

I)flinrlc
_ wlt tlocsd
_ 16, poo.

- 

pot
_ Bodarrta
_j:_ vdl &jad

DIAGRAM O8 OBSERVATION POINT:

flndud. ro, prrtiut r ditGdioN, rod PGitbLr of ddeiled phts)

SANSti\Pt'' offtr
go'"'J

C urrwlt ,,M
?

t-qwq

]'oi lr
tt
a

I

t1
(

)
l1

1) o

P
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i
I
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s. t pe AllRVia I

GENER,{L DE-SCRIPTION:-jlrob:rrvai+pin*'6 o ZOI+ by 2o{.t p6f Wdrrin arr dr?a o? lowotd
bR41h,ond o}teescArUy 'lcaia\o. SlrgHry lug--r66p easFa,4d wttitoer locall

R'dce) or ltrc ba|Jood +/ri.s."lt is qn dwi uiwl\ qdef+ubp tn'ltt
wE staso. t

,L]
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OBSERVATION POINT DATA lcorti'uttion of field (orn 
'2' 

P

_ , *-;^ a,-t/ obsertauoo
Surr.r iilt oth.: t a., ''' -" u4r I _ i !

CONSERVATION (6I out I'he optbos below io 'ud'('t' ti€ coq5ervrtjoo Poterti'

!:o q*r,r;c,j,Ehj;::i..4:[:.l' 
"E sflffj? 

co[siderItr' riz' o( th' Prlct rtrd tr' vitsutv rod 'Uour 
of the pl'!ti)

6c. k t[c cooouoiry pristinc or dcSrrd'd? l5 thcrc 
' 

pot'ltid fot Lhe coEEuoity !o r€coYcr froo disturbrDcer?)

'n-.u.", 
B - C,ood C- Mrrg'lall D-Poor

r*. *hrt .re tbe bDr tcrd prospccts for coDtiau€d 'xitt&cc 
of t[it occurrenc€ sl tbe irdi(rt.ed

- dr""u-t a ' Good C ' rvLrgind o'noor

Flo d.f€nibilil r: 6c. cao tbir occurr.rc' bc pro&dtd forD dtrirrst huor! fsctors?)
-- --- i-e;itc,r @) cooa c'Mtsbrl D-Poor

EO flal: (cods.rtrtio! pot ati'lliEporLocc o( thii coomuritJ' occur"c" ruom'r' 6f rll c'iterir ibove):

I
Eyideoc. of diiturbrac. (cut or bumcd numpr' trrih' d')

@

a

kvel of qudlitY?)

6c D

lo

age 2 of r set of I peg6 for Obs trt'l.o:"1 , , ^
Poilt oumbcr: 

- 

D'tt- f it '

or cooditioo of th€ coEnuaitv (ttte EO) uoder sturly)

EO conditioq

Principal threatt:

Rsre speci€s:

EO YhbiutYr

CI

STRUCTURAL PROFILE

Succ.stiodsl stlge .arl, 

-

Encd 

-
bta _niddlc 

-

L.rf h6r Pcrfrdkitl

L..f ttpd brordle.f- !€tdld"f- 6ix'd-

d€.iluour 

-DoEl,,. DoEi1rDtsof
Corc. of Lratllcight (a)StrrtuE

I}e!ry&gfis mla+crr3-Igi^

local nArvrS

lgooo4 brash-

1t

batt glan'ac in

l$l$os^
h i ( akc ba 9z'1

c,tg +'re

gubshrna t

one hf r

I ru-

S rr.-

q 
e ?r''t
l0 ri\

En-brln
Edar8tot

Crftp,

SubqEop,

Shrub lrrerr
1

3

Herb lri.rs
C.rEitroid

Forb

Mixd

Others
BrrophYtts

Li!tas

Epiphyl2s

aiones & Er.vd 

-

taaf liocr 

- 

b.droct od Pood, d€br;s 

- 

*3t4r-
UrY€g€tt [cd rurface bart soil +5815%iCover:

II G%I -53 %;1=25-50%i't5-95%600%I1
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oBSERVATION PoINT DATA tcooliluathD of 6eld form 12, Page I oI i s€r o( 3 pases aor obs Point dst l
CENERAL SPECI!:S L,ST onr animah rod plao6 oq s€parste pages)

Surve] site name: :i'r'l'l'{'1,,r- x-.'..(.;;-, .'-:. Obserertioo Point number Ox/J I

Sp(rier CoYet-

k1rrt,.".;:. ), .,.- '..:.. l'i., ii..i

l(-'rr r, l1

I.^ir;1ri{

bdlt Sqr,o.,[,

hi calrr lrrr,,

clce,

ar 1i\ (

94a,

I /o

oI
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