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Abstract

Résumé

This paper presents the results of research
carried out on the soils to be found in the
Shipstern Nature Reserve, situated in the calcareous coastal region of Sarteneja, Corozal
District, Northern Belize. The local climate of
this south-eastern part of the Yucatan Peninsula is tropical with clearly marked seasons,
the rainy season extending from June to
December (with approximately 1200mm of
annual rainfall), while the dry season runs
from January to May. Eleven soil profiles are
described, together with five soil-vegetation transects running from the fresh lagoon
sediments to the high evergreen forests. The
data show that with higher elevation above
sea level, the forest canopy will also proportionally be higher and, by the same token,
the soils will be deeper. Low forests that
are seasonally inundated for more than 6
months and very dry during the dry season,
present a petrocalcic horizon under yellowish earth containing pedological carbonate
concretions with presence of goethite nodules. Most forest soils are red and clayish, getting thinner and more acid under the coastal
Pseudophoenix dry forest, and browner and
more basic in the case of the Cohune forest. Hydromorphological features and peaty
topsoils develop under three types of forest (Hulub, mangrove and Taciste). Altitude,
with relation to time since emersion, seems
to be the main factor regarding soil evolution. High variability occurs in all soil types.

Cette publication présente une étude des
sols de la réserve naturelle de Shipstern,
région côtière carbonatée du Nord du
Belize. Située au sud-est de la péninsule du
Yucatan, cette région est dominée par un
climat tropical avec une saison pluvieuse
de juin à décembre (1200mm) et une saison
sèche marquée de janvier à mai. Onze profils
de sols sont décrits ainsi que cinq transects
montrant la relation sol-végétation, des
sédiments frais de la lagune au Sud à la
haute forêt sempervirente au Nord. En plus
d’une grande variabilité dans tous les types
de sols, les résultats montrent que plus
l’altitude du sol est élevée, plus la forêt est
haute et les sols profonds. Les forêts basses
inondées pendant six mois et très sèches
durant la saison sèche présentent un horizon
pétrocalcique sous une terre jaunâtre avec
des nodules de goethite et des concrétions
pédologiques carbonatées. La majorité des
sols de forêt sont rouges et argileux, devenant
plus fins et plus acides sous la forêt sèche à
Pseudophoenix et plus brunâtres et basiques
avec l’épaississement de la forêt à Cohune.
Des propriétés hydromorphologiques et
une accumulation de tourbe se développent
sous trois types de forêt (Hulub, mangrove
et taciste). L’altitude, en relation avec l’âge
d’émersion, semble être le facteur le plus
important en ce qui concerne l’évolution des
sols.

Situation of Shipstern Nature Reserve
in Central America
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Introduction
This study was made possible by the Swiss
government (Département fédéral de
l’économie, Organe d’exécution du service
civil), under the auspices of a programme
allowing Swiss to serve their country, as an
alternative to military service, by carrying
out charity work aiming at promoting social
coherence and sustainable development. It
enables institutions to make use of special
skills which they could not afford through
regular consultancies.
The International Tropical Conservation
Foundation (ITCF), a charitable trust based
at the Papiliorama Swiss Tropical Gardens
in Kerzers, Switzerland, has been performing scientific research in the Shipstern Nature Reserve in Belize for over 15 years. The
field work as the basis of about a dozen MSc
theses was carried out there and included
studies on vegetation, reptiles, birds, insects
and mammals, while more general topics
allowed for a better understanding of the
area. ITCF is a sister foundation to the Papiliorama Foundation, which runs live tropical
exhibits on biodiversity in Switzerland. The
latter’s aim is to create awareness among its
visitors about the importance of biodiversity
and functional natural systems. The goal of
ITCF is to show that with a minimal amount
of funds and much goodwill, concrete protection of tropical habitats is possible. Contributions of many private and institutional
donors help conserve the highly valuable
and varied tropical ecosystems of Shipstern
Nature Reserve (SNR).

view of the superficial geology of the area,
as well as soil development and distribution
in relation to the vegetation. This study not
only benefited from a good background
knowledge in Earth Sciences, especially
pedology and carbonated-shelf related sciences, but also from the logistical support
of the reserve’s staff. The study was carried
out from January to June 2009, in which
period numerous holes were dug and soil
samples analysed. This paper gives a general
overview of recent geological evolution of
the region, descriptions of the typical soils,
and five transects showing the variation of
vegetation and soils from the lagoon and
its sediment to those of the high evergreen
forest, as well as those of the main intermediate soil-vegetation associations. It is
hoped for that this study will provide useful
background information to future researchers, and ultimately may lead to a thorough
mapping of both vegetation and soil distribution.

Overview
As a preliminary question, it may be of interest to briefly describe what a soil exactly entails. Soils are created by three principles and
five factors. The principles are: a) weathering
of bedrock b) accumulation of organic mat-

ter and c) physical and chemical transfers
of material inside the profile, leading to the
evolution and the formation of distinct horizons. The five factors are: climate, topography, bedrock, vegetation and time. Climate
is considered as being constant in the area
studied.

Last but not least, the author wishes to point
out that ITCF, as a charity, was not in a position to finance laboratory soil analyses,
while numerous requests for grants were all
turned down. Therefore, this study should be
considered as an independent natural history research project, most results of which
are based on personal field experience and
on a limited number of field analyses. Many
aspects of this study may need further indepth research, and some of its conclusions
may prove, in due course, to be erroneous.

The author of this study lived and worked
at the headquarters of the reserve for five
months. He hopes to have fulfilled a gap in
the knowledge of the reserve, i.e an overPedological Study of Shipstern Nature Reserve, Northern Belize
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The study area is located on the eastern
passive margin of the Yucatan or Mexican
tectonic plate, facing the Caribbean Sea
and its intricate tectonic movements. This
margin shows a stair-like morphology with
compartments of different altitude and subsidence, generally oriented NNE-SSW. The
Yucatan peninsula, including the southern
Mayan lowlands currently situated, apart
from Mexico, in northern Belize and northern Guatemala, is a rather flat continental
shelf where shallow carbonate sediments
has been deposited for tens of millions years,
alternating with periods of terrestrial soil development and erosion, depending on the
relative sea level. One of its components
can be identified as the reef barrier situated
alongshore Belize, at the edge of the continental plateau. On this submerged shelf, reef
construction and destruction-deposition
processes, lagoon sedimentation and other
typical indigenous carbonate deposition are
currently ongoing; on the cayes, terrestrial
pioneer vegetation such as mangrove are
fixing the sediment and developing the soils
(Gischler et al. 2004). The next inland step
of these continental stairs is carrying the
region of our study, the Sarteneja peninsula
(see figure1).
The Sarteneja Peninsula is NE-SW oriented
and is limited by the shallow Chetumal Bay
northward and the even shallower Shipstern
lagoon southward. It is approximately 10 km
long and 4 km wide. The highest point of this
thong of land might reach 18-20 m.a.s.l., the
Chetumal Bay being between 5 and 10 m
deep, while the lagoon does not exceed 1m
in depth. These data show a general slope of
1m vertically for 100 m horizontally, in other
words a 1% slope value, hence almost flat.
This general topographic slope is unable to
induce pedological differentiation. The local

micro-topographic variations of slopes (due
to changes in the reef development and
cementation) and/or karstic properties are
more likely to induce soil differentiation.
This very flat topography and the proximity
of water in the region created a permanent
shifting between land mass and sea, and
consequently also between sedimentation
and soil development. A very light sea level
rise of a few meters can bury a soil in a large
area, drowning roots and depositing a new
layer of sediment. In the opposite situation
where the sea level goes down a few meters,
a huge surface of sediment will be exposed
to erosion and colonization by pioneering
vegetation. This is currently the case in the
saline wetlands locally known as savannah
and surrounding Shipstern Lagoon. All along
recent geological history, these sea level
variations occurred, leading to a very heterogenous bedrock throughout the peninsula:
alternation of centimetric to metric layers of
calcareous mud, reef boulders, sand beaches
and paleosoil, all more or less cemented, can
show a discontinuous distribution and great
lateral variability.
In figure 2, the Holocene sea-level curve
in the studied area of Siddall et al. 2003 (in
Brock et al. 2008) shows two high stands
centred around 2700y BP and 900y BP, approximately 6m above present sea-level. Before that, water was below present sea-level
for a few tens of thousands of years, back to
the beginning of late Pleistocene. This scenario explains the soft calcareous mud less
than one meter thick on top of hardly cemented and eroded limestone found in the
lagoon and the savannah. This means that
soils higher than 7 m.a.s.l are older than 2030 ky (maybe even 100 ky) and soils below
7 m.a.s.l. are younger than 1ky. These soils
are generally covered by herbaceous and
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Figure 1: Sarteneja peninsula, shipstern lagoon, and the 5 trails studied
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dwarf red mangle savannah, some coastal
Hulub forest, mature red mangle forest and
to some extent low tacistal; these soils are
remarkable because of their higher conductivity. Figure 3 shows the area (northern
limit) in the Reserve below 7m.a.s.l. in light
grey, the lagoon being at sea-level.
The physical heterogeneity of the bedrock
of the peninsula can be understood by
comparing it to the contemporary topography of the cayes east of Belize mainland.
Patchy reef, lagoon, emerged sediment,
salty marshes, sand beaches, etc. are currently found one beside another. This lateral
variability will shift on- or offshore as soon as
the sea level changes and will be recorded
vertically in the sediment as lenses of different elements, granulometry or cementation and thus bring high variability in the
bedrock of the peninsula, under the current
soils. Moreover, these various sediments
will be mixed and redistributed by powerful
waves during exceptional storms. Limestone
bedrock might appear as soft, oxidized and
chalky; greyish and gravelly; hard, botryoidal
and dolomitized; sharply eroded as lapiaz; or
a hard calcrete might separate the soil from
the rock. Bedrock in the region is known as
Sascab and its physical nature is most probably due to pedological more than sedimentary processes even though the limit
between them is not clear. These limestones
are made of CaCO3 that is used by the vast
majority of marine animals such as molluscs,
micro-organisms (planctonic or benthic foraminifers…), algae and others, before being
deposited. Wan et al. (2004) have found sedimentation rates in the Chetumal Bay ranging from 20 cm to 100 cm in one thousand
years, the deeper the water, the highest the
rate. Yet calcium, oxygen and carbon are not
the only elements found in these sediments.

Siliceous continental dust of various origin
(volcano, mountain ridge…) and of various chemical composition might get there,
blown by the wind or dissolved in the water,
bringing elements indispensably basic to life
such as Iron, Aluminium, Magnesium, Manganese, Silica, Sulphur, and many others, as
trace elements.
In this flat region, the absence of rivers prevents the deposit of large amounts of material from distant mountains. Except for aeolian or dissolved dust, all sediment is of autochthonous materials like excrements, shells
and cadavers mainly, and made of more or
less cemented calcium carbonate and/or
decomposed organic matter. It is therefore important to remember that gravels or
boulders of many different colours (figure 4)
found in or on the ground are all of in situ
origin. The original chemical composition of
the bedrock is considered as being constant,
while all chemical variations within a soil or
emerged sediment are considered to be of
pedological origin. At the time of emersion,
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ground and sea levels are the same. In other
words, sediment, host of future terrestrial life
in the region, is still permanently saturated
with brackish seawater. Air, i.e. available
oxygen, is lacking. Chemical reducing conditions prevail, and anaerobic bacteria manage to survive in the sediment, feeding on
sulphide reduction and producing H2S that
gives the typical rotten-egg smell to lagoon
and savannah sediments. Organic matter
may accumulate inside the sediment, thereby sequestrating carbon dioxide (CO2).
On these heterogeneous yet almost flat
calcareous sediments vegetation starts to
establish itself which initiates the first pedological processes. Specialized species, like
Red Mangrove (Rhizophora mangle, Rhizoph.), Pincha Huevos (Cladium jamaicensis
(Cyper.) and other halophiles, start colonizing the mud. They protect it with their many
roots against the erosive action of waves,
they inject organic matter deep down
through their roots, while accumulating organic detritus at its surface. It allows more
pioneer vegetation to invade, it oxidizes the

Figure 2: Holocene sea-level from Siddal et al. 2003, in Brock et al. 2008

sediment along the root channels and produces organic acidity to start decarbonatation. Salt might also be exported through
various processes. Soil starts its evolution
and is soon ready to host less specialized
species like small softwood trees such as
Hulub (Bravaisia tubiflora, Acanth.), as well as
pedofauna that will mix organic and mineral
matter leading to an enrichment of the soil.
With the development of life, the increase of
available nutrients, aeration improves while
water surplus is balanced by the numerous
plants sucking it up to their leaves. At the
same time droughts are mitigated by mulching and by shade casted by plants, thus
making the soil to become more effective in
hosting life. This principle could be described
as: “the higher the ground, the older the vegetation” and “life brings more life”, until a climax is reached. The climax in the Thesaurus
dictionary: (Ecology) is defined as the final
stage in a succession in a given environment
(i.e. on a given soil under given climatic conditions), at which a plant community reaches
a state of equilibrium (and thus stop changing). The succession in our case begins with
mangroves, the semi-deciduous low then
medium forest, the semi-evergreen medium
then high forest, followed by the evergreen
high forest as a climax. However, a climax
here is not to be reached for various reasons
as explained below.
The region knows an active hurricane season from June to December. Some exceptionally strong hurricanes like Hurricane
Janet in 1955 can flatten all vegetation in a
given area, leaving almost no trees standing. Hurricane Janet is the reason why today
the forests of Shipstern Nature Reserve are
younger than 60 years. When trees fall, their
roots unearth and turn up all boulders and
fragments of old reefs that surround them.
page 

This process is able to bring huge boulders
out of the soil, while mixing these with all
other constituents of the soil, from gravels
to clay, from trunk to roots. This is another
factor of lateral variability of soils and chaotic layering.
Next, often associated with hurricanes, forest
fires like the one following Janet in 1956 can
burn every plant down to its roots. Forests
may burn for months following a hurricane.
If forests are usually totally destroyed, soils,
on the other hand, are quite resistant to fire.
They will not stop functioning and turn to inert dust. Life will soon sprout out again and
the renewed forms of life will benefit from
mineral-rich ashes.
Another climatic cause of destruction, yet
slower, could be a 20 m (minimum) sea-level
rise, drowning the entire region and its vegetation. In this case a soil horizon should be
found buried under fresh limestone layers,
which indeed has been noted in two different water wells in Sarteneja village, approximately 3 to 5 meters under ground. No further information is available on this matter.
Since the Maya first arrived on this land, they
began to use it for cultivation, using the
slash-and-burn technique (la milpa in spanish) which means cutting trees and burning
them in order to free the soil for corn, fruit
tree and other useful plants. After a few
years of cultivation, the soil is emptied of all
its nutrients and is given back to nature to
regenerate which might take 20 years. They
selected and kept the trees that they could
use for feeding, building or as fuel wood.
In a way, they have been, so to say, taking
care of the forest for thousands of years and
they are still doing so (Anderson et al., 2003,
Those who bring the flowers, Maya ethnobotany in Quintana Roo, Mexico). A quota-

tion, from pollen record: Islebe et al. 1996;
Gill, 2000, says “The Yucatan peninsula during Pleistocene glacial advance was probably a savannah. Forest invaded as water retreated. Thus, the present-day Yucatan forest
has never existed in a form uninfluenced by
humans (…) Most carefully protected trees
are Sabal spp. for thatch, Sapote for chicle
and fruit, Ramon for forage”. The Maya also
knew how to make use of quite unfertile soil
by applying natural fertilizers and complex

irrigation systems (Scott L. Fedick, 2002).
Other human activities such as intensive
logging by the English merchants of the
past centuries also interfered with natural
evolution of the forest. Human direct or indirect influence on soils is still ongoing by
logging, slash-and-burn, fertilizing, use of
insecticides, pollution and other human activities…

By considering all these factors in the renewal of vegetation, an important pedological question may be answered, i.e. the “hen
or egg” question, or more precisely, which
of vegetation or soil is the influencing factor
to the other. Usually, in a place where vegetation does not recurrently undergo such
radical changes, soil and vegetation evolve
together, influencing one another and inseparably linked. However, it should be recognized that soil is older than vegetation,

Figure 3: Area below 8 m.a.s.l. in grey, showing the distribition of the fresh sediment
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that the same soil withstood time and catastrophies where plants were destroyed. Soils
did then host new vegetation. As certain
types of soil favour seeds of particular species, these might never have had the chance
to grow in that place without the destruction
of their predecessors, and other seeds being
unable to grow on a soil on which possibly a
forest of the same species had been growing
before. Both stability of soils and vulnerability of vegetation engender a very important
fact. Features and properties of soils were
certainly not induced by current plant communities, but by older, and possibly different, ones. Thus, some morphological, textural, structural and chemical particularities
of a soil cannot be related to the current vegetation and have to be seen as paleo-properties inherited from earlier stages of plant
colonization.
One of the most influent factors of soil evolution is water. Without water, no life. And
without life, no soil. Besides this basic consideration, the role of water in the soil is very
complex, it is however outside the scope of
the present study to explain its various roles
in soils. Yet some aspects should be discussed to help understand certain pedological features.
Water is responsible for chemical conditions
and processes in the soil. The electronic
state, the solubility and the leaching of the
soil’s elements depend on water quality and
quantity. Life itself too depends on the quality and quantity of water. It is also directly or
indirectly responsible for the physical properties of the soil. However, some aspects of
the role that water plays need some explanation as cementation or concretion of this
muddy calcareous sediment depends on
water as well as karstic dissolution. These
processes are very important in this region.

Being a limestone plateau in a tropical climate, the Sarteneja peninsula has a very
highly developed karstic network due to the
fact that limestone is very easily dissolved by
water loaded with organic acids. Numerous
caves, cenotes and underground rivers are
known all over the Yucatan peninsula. Water
filters down very easily to join the aquifer,
except where impermeable rocks or clays
impede penetration (in our case, a petrocalcic capping of the sediment is the main
impermeable layer observed). Actually, the
filtering effect is very low or even inexistent
in a karstic region, allowing water and any
potential pollution to join the aquifer very
rapidly without any changes.
On the other hand, cementation and calcareous concretions coexist with karst. This
happens when water, loaded with mineral
salts resulting from dissolution, evaporates
because of the effect of the roots or drought.
The salts contained in the soil solution precipitate, or crystallize in the sediment or the
soil interstices, forming nodular concretions
or boulders in the soil. Once cemented, these
stones will resist and won’t dissolve in water
again, they seem even to be very prone to
accumulate dissolved elements such as Iron
or Manganese, changing its colour from
greyish-white to pinkish, blackish or yellowish (see figure 4 and macro-picture in the
xcansik-eugenia plate and the hulub plate).
But as previously said, the role of water is
very complex and would require much more
investigation.
This general overview should help the reader to situate the context of the soil’s development and evolution with the vegetation,
in order to better understand the different
ecosystems found in the Reserve. For further
pedological theory and more scientific explanations, general pedology publications
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or the “Lecture Notes On The Major Soils Of
The World”, published and sent for free by
the Food and Agriculture Organisation of
the United Nations, Rome, 2001, should be
referred to.

This mud volcano seems to be the burrow of a tarentula
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Methodology
This study, undertaken in the Shipstern Nature Reserve in the north of Belize, Central
America, began at the end of January and
ended in the beginning of July 2009. The first
month was spent discovering the region, its
vegetation, climate and soils, and gathering
information from earlier studies of the Reserve such as de Rham 1990 on aquatic ecosystems, Meerman 1993 on biodiversity, Bijleveld 1998 on vegetation, Bärtschi 2000 on
bats), Roeder 2003 on coleopteran diversity,
Morgenthaler 2003 on birds, Nguyen Quang
Minh 2005 on reptiles, and Laesser 2007
on birds. Available papers describing and
analysing the recent geology of the region,
mainly on sedimentation and diagenesis,
were studied as well. Anthropologic (Fedick
2002, Anderson et al. 2003) and botanical
studies (Bijleveld 1998) were also analyzed
as human landuse has an important influence on soils. The pedological aspects were
studied by using the World Soil Resources
Reports of the FAO, the soil taxonomy of the
USDA (United States Departement of Agriculture) and the Land Resource Assessment
of Northern Belize (2 volumes) from King et
al. 1992.
After this theoretical approach field work
started. The four trails of the Reserve (figure 1) and another trail south of the lagoon
(Shipstern Landing) were studied in regard
to forest soil profiles. With the use of a pick
and a shovel holes were dug until a hard layer of limestone was reached or to the point
where no further pedological features could
be observed indicating that the bedrock had
nearly been reached. For each profile, geomorphology, bedrock, vegetation (dhp: diameter of the trunk in cm at 1.3m from the
ground), litter, presence or absence of water

and available sun energy where noted down.
The following parameters were measured at
each soil layer (horizon) on a relative scale
going from 0 to 5 (0 meaning absence of, 1
meaning very few or very little and 5 meaning maximum development of; d meaning
dry; + meaning more than 5).

• Colour
(from the Munsell soil colour chart)
• Reaction to hydrochloric acid
(HCl 10%)
• Structure
(blocky, crumbly, angular or round aggregates…)
• Plasticity
(ability of the soil to stick together when
deformed with the fingers)
• Texture
(clay, silt and sand proportion)

• Porosity
(structural porosity and micro-porosity)
• Consistency
(how deep a blade penetrates an horizon)
• Roots quantity and maximum diameter
• Coarse element
(quantity and quality)
• Bioactivity
• Moisture

Figure 4: These gravelly elements were all found at the same place (close to WT2), coming from the same
soil. The colours and the differential hardness are due to pedological processes.
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Samples were taken from each horizon and
the pH and conductivity were measured at
the Reserve’s headquarters. Soil was then
put in rainwater with a soil/water volume ratio of 1/7. After approximately 2 hours, the
pH and conductivity were measured (see annexes for data) using a pocket probe: Hanna
Instrument HI98130 (www.hannainst.com
for specific information). Conductivity is
given in milli-Siemens per centimetre (mS/
cm often shortened as mS). It represents
the amount of salt dissolved in water, which
gives rise to its electric conductivity. The
higher the salt content, the higher will be
conductivity. It was not possible to measure
volume or weight precisely at the Reserve’
headquarters. Although precision is rather
low, it proved sufficient for our needs. Ph is
given with one decimal precision and conductivity with two decimals. The profiles’
positions were carefully chosen in order to
be as comparable as possible, i.e. on a flat or
almost flat spot with no trees closer than 1
metre, and without outcropping rocks. Each
soil profile described has been situated on
a www.googleearth.com satellite image using a Global Positioning System navigator
(Garmin personal navigator eTrex, www.
garmin.com).
A soil is to be seen as a geographical 3-dimensional object. When a soil profile is
made, it consists of a hole of approximately
50cm of diameter for a depth of less than
one meter in our case. The part of the soils
that we were able to see and study with the
help of our profiles was far less than 1% of
the total volume of the Reserve’s soils. In
fact, it represented less than approximately
0.000002%. This means that pedology is a
very interpretative science based on the researcher’s experience and understanding of
how ecosystems function. Moreover, transi-

tional soils are very common, and straight
limits like those used in the transects for
clarity’s sake should not be taken as to exist
in reality.
Giving names to soils is often difficult. Every
country, based on its traditional knowledge,
has its own vocabulary. For example, the
Maya are classifying soils on the base of colour and texture (Anderson et al. 2003):
- Yellow infertile rendzinas are called K’an
lu’um,
- Red and often fertile rendzinas, Chak lu’um
- Black soils are the Ek’lu’um, separated in
Box lu’um, excellent alluvial soil and
Eek’lu’um, acid and infertile soils in poorly
drained basins. The name comes from
the Eek’ tree (Haematoxylon brasiliense,
logwood), typical of these basins.
- Reddish-black light and fertile soils are the
Chak ek’lu’um
- The Tsek’el is almost barren rock and
- Sascab is rotten limestone.
In King et al. 1992, Land Resource Assessment of Northern Belize, Shipstern Nature
Reserve’s brown-black soils correspond to
the Conception sub-suite, the red soils to the
Xaibe sub-suite and the yellow soils to the
Puluacax sub-suite, all from the Pembroke
suite.
Therefore, the United Nations Food and Agriculture Organization (FAO) did produce
a World Reference Base for Soil Resources
(WRB) allowing the international scientific
communities to understand each other’s terminology. The WRB is using Greek, Latin and
other languages’ roots describing the major
properties of the soils. This pedological vocabulary can be inserted and used in most
languages of the world, especially the ones
using Greek roots and Roman characters. An-
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other soil taxonomy has been developed by
the United States Department of Agriculture
(USDA), which is based on the same logic
and does not differ much from the FAO’s, but
the names end up being quite different and
are quite disconcerting at first sight, yet they
are clear and meaningful when understood.
These are languages on their own, like Chinese, where one has to learn the concepts
behind the letters and then apply them to
represent what is being observed in the soil.
In this paper, simple names based on colour, texture or water presence will be used
when speaking about soils distribution on
transects. On each soil description, the FAO
classification is used. Some USDA names are
also given where concepts are not too com-

plicated or not in need of some very precisely analyzed parameters. Regarding the
horizons denomination, all adjectives come
from the same World Reference Base from
the FAO, as well as the symbolic letters that
have been chosen for reasons of simplicity.

H (for histic): layer dominated by organic material accumulated, undecomposed or
partially decomposed. All H horizons were or are saturated by water for prolonged
period.
O (for organic): Layer dominated by organic matter, undecomposed or partially
decomposed (leaves, needles, twigs, moss, lichens…). All O horizons are not saturated
by water for prolonged period. Illuviated organic matter do not form an O.
A Mineral horizon at surface or below an O.
Most of original rock structure is obliterated
Accumulation of organic matter intimately mixed with mineral fraction
Morphology resulting from surface processes
Cultivation or pasturing properties
E (for eluvial): Eluvial mineral horizon, obliterated original rock structure, near surface,
below an O or an A, above a B.
B below A, O, E or H, illuvial concentration of clay, iron, humus, Aluminium, Co3,
gypsum…; removal of carbonates; redder; granular, prismatic, blocky structure;
brittleness.
C soft bedrock, no pedological process, roots may penetrate
R hard bedrock
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The Main Trail (MT samples, figure 3) was
used for the first pedological survey. Here,
many soil profiles were dug there where
important changes in the vegetation or micro-topography could be seen. Trenches and
profiles close one to another were analysed
to understand the local variability within the
same ecosystem having the same type of
soil. 22 soil profiles have been described and
analyzed on the Main Trail, for the greater
part close to the savannah (figure 3). On this
trail, profiles were not always positioned on
flat ground without trees. On the contrary,
these geomorphological and vegetation variations were intentionally looked for in order
to demonstrate local variability. However,
this local high variability is not described indetail in this paper because both time and
precise analytic instruments were lacking.

change, but at least 100m away from the
previous one, sometimes at more than 500
metres distance. 10 soils were described on
the Eastern Trail and on the Thomson Trail,
and only 5 at Shipstern Landing.

These plant communities are:

Among these 65 descriptions of soils, 12 of
the most characteristic ones were chosen
and are being presented in this paper, i.e.
one for every type of vegetation, and one for
the Mayan ruin found on the Main Trail.

• Red Mangle forest (Rhizophora mangle)

The 5 trails studied have been described in
terms of plant communities. Using the GPS
to locate the position of each point on the
map, 5 botanical transect have been made.
These communities were not studied in detail and only a few typical plants were used
to differentiate them.

• Xcansik (Jaquinia sp.) low forest with clearings and shrubs

On the Western Trail or Western Survey Line
(WT samples figure 3), a soil profile was
described and analyzed every 125 meters
starting from the road (+/- 25m depending
on the GPS precision and on the possibility
to dig comfortably on a flat ground without
any trees within a radius of 1 metre). This
method appeared to be very efficient for
the interpretation of the WT soil transect. On
this trail, among 18 soils studied, 5 were not
chemically analyzed (pH and conductivity)
because of their similarity to other soils. The
125 metre distance between soil profiles was
chosen in order to correlate the results with
the work of Bijleveld 1998, who described
vegetation plots of 10x10m every 125 metres, starting from the road.

The canopy height, leaf phenology and
dominant species, or dominant species association have been noted. Although plants
are naturally mixed or occurring like mosaics,
eleven types of vegetation were chosen and
mapped, even if limits were sometimes not
clear at all. This vegetation, like the google
earth ground elevation, conductivity, pH
and the soils profiles are plotted on the 5
transects presented in this paper.

• Semi-evergreen medium forest

For the Eastern Trail (ET samples), the Thomson Trail (TT samples) and Shipstern Landing (SL samples), see figure 1, a mixed sampling procedure was chosen. A soil profile
was analyzed at every important vegetation
Pedological Study of Shipstern Nature Reserve, Northern Belize

• Herbaceous savannah
• Pincha Huevos savannah (Cladium jamaicensis)

• Hulub (Bravaisia tubiflora dominated forest)
• Tacistal (Accoelorraphe wrightii low forest)

• Eugenia sp. dominated medium forest
• Coastal semi-deciduous medium forest (with Pseudophoenix or Lysiloma)
• Semi-deciduous medium forest

• Cohune evergreen high forest (Orbignya cohune)

Footprints in the mud of the savannah
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Results: the soil profiles
The results are presented like a journey from
the lagoon to the high evergreen forest, i.e.
from the youngest to the oldest ecosystem,
from the fresh sediment to the most evolved
soil, from the lower to the higher altitude
above sea level.
The Shipstern Lagoon (figure 1) is a NE-SW
oriented and runs parallel to the Sarteneja
peninsula. It is connected to the Caribbean
Sea at its north-easternmost extremity being
approximately 20km long. This very shallow
depression, maximum 1 meter deep, is filled
with brackish water, partly coming from the
sea and diluted by rainwater, engendering
a salinity gradient with high conductivity at

its mouth, which decreases when going inland. Because of this shallowness, even very
small waves brought about by a light wind
are able to disturb the sediment and stir it
up, causing the milky muddy waters characteristic of the lagoon, and to a lesser degree,
of Chetumal Bay. Some aquatic grasses grow
on the lagoon sediments and constitute
the main food of the Manatees (Trichechus
manatus) or Sea Cows. Water temperatures
are high, 20 degrees centigrade in the beginning of February 2009, 27.7 degrees by the
end of March. The lagoon is studded with
islands of various shapes and sizes. As soon
as sediments get near to the surface, the Red
Mangle colonizes them, fixes it and allows
for more plants to settle down. These islands
are in fact a kind of mud benches, covered

by mangrove (figure 6). Colonies of termites
can be seen perched on the branches of the
trees growing on these islands, while mangrove peat may accumulate directly on the
sediment.
Another type of island is also found in the
lagoon. These are rather round being at least
one or two meters high. On them soil has
developed, hard stones can be found and
various terrestrial trees grow there. These
islands were once used by the Maya, and
supposedly they created them by heaping
allochtonous material and planting useful
trees. Whether or not these islands were
man-made is not really known as some older
natural structures such as patchy coral or
red mangle colonies may have existed before. These islands provide useful shelter for

wildlife, especially birds. They have not been
studied in this paper, but some very similar ecosystems were described at the limit
between savannah and forest, the soils of
which are supposed to be more or less identical, however without any human influence
(see Forested Island plate).
The sediment of the lagoon was sampled
and analyzed by being washed on a 2mm
wide grid to get rid of the mud. The coarse
elements consist of shells of molluscs or foraminifers, and plant detritus as seen on figure 7. When whirled around by an outboard
engine, this sediment is dark grey to black
and smelling of rotten eggs, as a result of the
anoxic chemical conditions.

Figure 6: Rhizophora mangle fixing lagoon sediment with its typical roots
Pedological Study of Shipstern Nature Reserve, Northern Belize
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a

b

d

c

Figure 7: Common constituants of the lagoon sediment. a) various plant detritus – from 1
to 2cm long, b) bivalves – smaller than 1cm, c) benthic foraminifers and/or micro-gasteropodes – max 3mm long and d) gasteropode – around 1.5cm long.
Below this calcareous mud layer of several
decimetres deep, extends hard and eroded
limestone with its usual karstic properties, as
proven by a source of fresh and cold water
found at an unknown place in the lagoon
called the blue hole by the locals. Where
the water slowly gives way, sparse halophile
vegetation invades. This can be red, white,
grey or black mangle or cyperaceae, and
other pioneer plants (figure 8), and is locally
known as savannah.
The savannah is a flat swampy plain composed of wet calcareous mud recurrently
inundated by rainwater or exceptionally by
a rise of the sea-level as happens during
powerful hurricanes. The bedrock below this

and the Conocarpus erectus also called Grey
Mangrove), different species of green grass
grow on this wet desert. Cyperaceae are well
represented with Cladium jamaicensis or pincha huevos and Fimbristylis sp. for example.
Rare are the plants that can endure such
harsh conditions as absence of shade, salty
soil water, pure and poor calcium carbonate
to grow on with reduced chemical conditions for the roots… All these plant species
developed specific strategies to cope with
these conditions. “Air-roots” or pneumatophores of Rhizophora Mangle (figure 10) that
carry easily air through the wet sediment are
one of the best examples.
In the savannah, sediment and soil are identical. The soil consists of fresh sediment. The
sediment is undergoing a pedological transformation that allows us to call it soil, and
this transition is happening there and then.
If the sea-level were to rise 3 meters, the soil
would be buried, transformed and be known
to the geological record as a rock layer.

Figure 10: Pneumatophores of the
Rhizophora mangle.
(1 to 1.5cm of diameter)

mud, hard and eroded limestone similar to
that of the lagoon, can be seen outcropping
above the mud (figure 9), proof of a geologically recent higher sea-level. Even undergoing a strong drought, this sediment stays
wet and only the algal matting that covers
the mud, where no vegetation grows, dries
and cracks (see Mature Cladium Grassland
plate).
Vegetation is generally very low, seldom exceeding 4 meters, forming a mosaic with barren land. Apart from various types of mangrove that remain dwarfish or grow up to 3-5
meters high (such as Laguncularia racemosa,
Avicennia germinans and Rhizophora mangle,
respectively white, black and red mangrove,
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Figure 8: Typical inhabitant of the savannah. The red mangle at the top and two different
Cyperaceae.
page 13

Three soils profiles were described in the savannah.
The first (Savannah Sediment Plate, p. 15)
represents the sediment in its most pristine
form. Here, the only pedological processes
taking place is being caused by roots of Red
Mangle, some small grasses and the algal
matting covering it. The typical vegetation is
shown on the picture to the left, while the
profile can be seen below to the right. The
bottom (50cm deep) macro-picture shows
oxidation caused by Red Mangle roots, notably the yellowish-red in the blue-grey matrix, the diameter of the beige root being
approximately 0.5cm. The macro-picture in
the middle shows a mollusc shell still undissolved (1.5cm wide) at 20cm deep, with the
same oxidation colour in a greyish beige matrix. The top picture shows the algal matting
as well as the beige colour of the top of the
sediment. The pH proved to be basic, between 8.3 and 8.5 from top to bottom, while
conductivity increased upwards to reach almost 7mS/cm at the top. The bedrock was
not reached but is supposed to be similar to
other savannah profiles.

roots produce much organic matter and
are very well represented at a depth of 5 to
25 cm, which corresponds to the dark grey
and greyish brown horizons. The macropicture of the algal matting shows in detail
the green layer of living algae overlaying the
red-oxidized of the dead preceding generation on top of the black layer of accumulated
organic matter.
The pH of around 8 is already more acid
(yet still basic) than the savannah sediment
soil. This acidification corresponds to an increased development of pedological processes, mainly because of the amount of
organic matter produced by Cladium jamaicensis. Conductivity shows the same pattern
as the fresher sediment and also increases
upward. It should be noted that except for
the algal matting and the hard and eroded
limestone bedrock, the entire profile does
not react to HCl (10%) indicating the absence of carbonate.
This soil is also a fluvisol developing on a

fresh layer of new sediment, but is slightly
plinthic (protoplinthic) because of its yellow
colour and the millimetric black concretions
found below 25cm depth, most probably
goethite nuclei. Iron needs to be present in
sufficient quantities, while perennial presence of water is important. When the land
beomes dryer, important iron oxide concretions or even petroplinthic hard horizons will
be formed (Driessen at al. 2001).
The third savannah soil (Mature Red Mangle
Plate, p. 17) does, in terms of vegetation, not
really find itself in the savannah anymore. It
is composed of a mature red mangrove forest, 3-4 meters high, very dense and almost
monospecific, surrounded by higher semideciduous forest and being invaded by it.
Vegetation is not sparse and does not look
like the savannah, which is usually very open.
However (see figure 3), it is situated at 7 metres above sea level and therefore did receive
fresh sediment during the last high sea-level
period. It can also be assumed that this soil

The FAO term fluvisol means that soil develops on a fresh layer of new sediment, and
it is gleyic because of the permanent water
saturation, thereby developing reducing
conditions expressed by the blue-grey colour of the reduced Iron.
The second savannah plate (Mature Cladium Grassland Plate, p. 16) shows a mature pincha huevos (Cladium jamaicensis)
grassland soil, characterized by this oneleg-long stingy grass densely growing on
the wet sediment. Pedological processes are
more developed here, as can be seen from
the colour of the different horizons. Cladium

Figure 9: Outcrop of hard lapiaz-eroded limestone, most probably of Pleistocene era, in the
savannah
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developed on fresh sediment because of its
important conductivity indicative of a salty
soil solution, which in turn points to marine
influence. For these reasons, it is regarded
as a very evolved savannah soil and by the
same token as a Fluvisol.
The first 10 centimetres consist of mangrove
peat (Histic horizon) and are, therefore, much
more acid than the two other savannah soils
(pH of 6.7 at the top and 7.7 at the bottom).
Conductivity is lower, showing the influence
of rainwater and organic material. Few millimetric goethite nodules are found and up
to 50% of the volume at 60cm deep is made
of nodular calcareous concretions. (Pisoplinthic horizon). The same C2 horizon shows
oximorphic features (alternate wet and dry
conditions) while the overlaying C1 horizon
shows gleyic properties (always wet conditions), as if the first half of the soil remained
water-saturated and its bottom half t would
have known dry periods. This may imply two
things: first, the interpretation of the soil is
wrong and there is a different explanation.
Second, because of its very low porosity and
an eventual karstic water exit through the
inclined petrocalcic horizon, the soil may
have been drained at the bottom while the
top stayed wet, like a perched water table.
Or else, by the sucking action of trees, the
soil slowly dries while rain keeps the topsoil
wet.
These three fluvisols represent the different types of soil to be found in the savannah on fresh calcareous sediment. They all
are swampy, salty, flat, soft and wet down to
the hard bedrock. They are influenced by the
constant presence of water and their main
difference exists in the amount of organic
matter produced by a different vegetation.
Lateral variability is low and depends mainly
on the degree of vegetational development.
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4 4-5 2

5

Roots

Bioactivity

HCl Reactivity

Str. porosity

herbaceous savannah on wet and soft Carbonate Sediments

Plasticity

Main Trail MT1
N 18˚17‘6.23“ ; W 88˚12‘51.96“
Altitude 6 m.a.s.l.
0 Conductivity (mS) 10
pH
9
6.5

Consistency

Gleyic Fluvisol (FAO)
Fluvic oxaquept (USDA)

Microporosity

Savannah sediment

Black algal mat; H2S smell; clay with few sandy material; high HCl reaction;
green and rusty algal material; greyish transition to:

1

A
10

Very pale brown or beige (10YR 8/4dry); texture is the one of this kind of
sediment, massive clay with sand, silt, sand, bivalves, small gasteropodes and
benthic foraminifera; very plastic with some more resistant nuclei, thus very
heterogene in terms of consistency and plasticity; porosity is due to the
numerous roots and radicels, from 1mm to 1cm in diameter (Red Mangle
roots); unclear colour change from beige to blueish-gray:

Salinity
20

2

30

C1

Gleyic horizon
Blueish grey with lots of rusty mottle, especially around dead root’s channels,
the latter are responsible of eventual water movement; massive clay with same
paleofauna shells; the sediment becomes more and more grayish downward,
thinner root network

3

3

40

50

3

pH
60

C2
Down to a depth of 1 meter, no hard bedrock to be found but the same mud
becomes more reduced downward.

4-5

70
cm Depth
Flat and low station in herbaceous savannah, no red mangle around the profil, but pneumatophores are present.
The soil is entirely wet with a watertable at 50cm, pH=7.3, and >20mS/cm at the beginning of March. Sun rays 5
The macropicture shows the typical facies.
Pedological Study of Shipstern Nature Reserve, Northern Belize

page 15
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Moisture

Alive
Dead

Bioactivity

1

Microporosity

Algal mat

Str. porosity

Cladium and algal mat on wet and soft Sediments

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Western Trail WT1
N 18˚16‘58.10“ ; W 88˚13‘14.31“
Altitude 4 m.a.s.l.

Protoplinthic Fluvisol (FAO)
Protoplinthic Fluvaquept (USDA)
Consistency

Mature Cladium Grassland

Salinity
2

Rotten
1.5cm thick
10

A

Humic horizon
very dark grey (2.5Y 3/1); massive clay with organic material; no coarse
element; important conductivity; gradual colour change to:

4-5 1-2 0-1 0

4

0 0-1 5

pH

BC1
3

4

20

30

40

BC2

R

greyish brown (2.5Y 5/2) ; massive clay ; no coarse element, very weak protoaggregates; progressive colour change to:

4-5 1-2 0

0 2-3 0 0-1 5

4-5 1-2 0

0

Slightly thionic horizon
olive-yellow (2.5Y 6/8); massive clay with few millimetric black concretion and
weak protoaggregates

Lapiaz in hard limestone, like most part of the savannah, probably of Pleistocene period.

1

0

0

5

5

cm Depth
Flat open station in the Cladium jamaicensis savannah, 40cm of fresh autochthonous lagunal mud with shells of bivalves, gasteropodes and benthic
foraminifers mainly. No HCl reaction in the whole profile except for the algal mat. Algal mat at the surface, the black organic material comes mainly
from the roots of the 50-70cm high cladium. The soil is entirely wet at the end of the dry season with a watertable 12-15cm under the surface. Sun rays : 4
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Mature Red Mangle

Str. porosity

Microporosity

Roots

HCl Reactivity

0

5

5

3

0

1 1-2

A

Organo-mineral horizon
Very dark gray (2.5Y 3/1) ; massive clay with organic material ; no coarse
elements ; important conductivity

5

3

0

0

1

0

0

3

C1

Gleyic horizon
Dark gray (2.5Y 4/1) ; massive clay ; no coarse elements

5

3

0

0

1

0

0

3

5

3

0

0

0 2-3 0

4

Red Mangle Peat on wet and soft Carbonate Sediments

H

1

Histic horizon of red mangle leftover (poorly aerated organic matter)
peaty brown(2.5Y 2.5/1) ; organic material mixed with some clay ; spongy
structure controled by the fine root dominance ; greassy texture due to peaty
material from the Red Mangle ; no coarse elements

Moisture

Consistency

1

Eastern Trail ET8
N 18˚18‘51.07“ ; W 88˚10‘39.27“
Altitude 7 m.a.s.l.

Bioactivity

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Histic Fluvisol (pisoplinthic) (FAO)
Histoplinthic Fluvaquept (USDA)

Salinity
10
2

20

pH
3

30

4

40

C2

Oximorphopisoplinthic horizon
Light brownish gray (2.5Y 6/2) mixed with yellowish-beige increasing with
depth ; massive clay ; apparition of clayish crooked concretions of 1-10cm as if
mud had dried hard, to more than 50% volume ; few millimetric goethite
nodules

50
Petrocalcic horizon
hard, plan and inclined calcrete over limestone

60
5

70
cm Depth

5

R

Flat station in an permanently wet lowland, very mature red mangle forest with some small chicle, some chit palm, xcansik, and bromeliaceae.
One centimeter thick litter made of roots, branches and leaves mainly of the red mangle.
The soil is entirely wet at the end of the dry season with a watertable 5cm above the calcrete. Sun rays 2
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The following two descriptions of soils also
relate to the savannah, being close neighbours, as they concern the outer limit of the
savannah. The flat swampy soil is replaced
by somewhat more continental soils situated on topographic small heights, sometimes
50 cm, sometimes 1 metre higher than the
savannah, separated by a gentle slope. The
vegetation is also characteristic of this transitional situation.
First, there are here and there rounded islands surrounded by flat savannah, also
called “Forest islands” very near the savannah (Forested Island Plate, p. 19). The vegetation of these islands is very special. The
presence without being dominant of Hulub
(Bravaisia tubiflora), typical of transition to
open lowlands, clearly shows the vicinity of
the sea. Then, different species of more continental trees grow there, but they remain
lower than 4-5 meters, as if their growth
was hindered by a limiting factor. This limiting factor is not time, because even 50 years
(the Janet Hurricane) are enough to allow
trees to grow higher than 10 meters, and
we think that emersion happened here at
least 5 centuries ago. The presence of a salty
aquifer about 50 cm deep could be a possible cause of limited growth of these trees
that do not stand either high salinity, or
perennial water saturation. These trees are,
among others, Chit palm (Thrinax radiata),
Kuka palm (Pseudophoenix sargentii), Chicle
(Manilkara zapota), Black Poisonwood (Metopium brownei), the Canelita (Gymnopodium
floribundum) and some unidentified laurels.
These trees are not especially adapted to
this particular ecosystem at the limit of the
savannah, and are found in other forest associations, but their small size here is truly
characteristic and demonstrates the harshness of environmental conditions.

This soil is characterized by a hollow sound
when stepped on. The 10-15 first centimetres contain almost only intricate roots with
very little sandy and silty earth between
them. This topsoil is very aerated and very
prone to drying out fast, which might constitute another growth limiting factor. In the
next 20cm, roots decrease and mineral soil
increases as well as the calcareous gravel
that represent 99% of the volume at 40cm
depth. The entire solum reacts strongly to
HCl 10% showing its calcareous properties.
Decarbonation is here very weak and/or very
recent. This soil is scarcely developed (leptosol), and whether this is because of young
age (less than a thousand years) or because
of a limiting factor, is unknown. However, it
clearly appears that this thick root horizon is
able to soak up a large quantity of rainwater
very rapidly which might limit the physical
migration of elements within the soil, which
explains the weak horizon differentiation.
The pH is basic around 8 and the conductivity is low, around 0.2mS/cm, despite the fact
that the water table found at 55cm depth at
the end of the dry season showed a very high
(>20mS/cm) conductivity, indicating salty
water. This is another argument to illustrate
that this vegetation only feeds on rainwater,
which is almost absent during 5 month every
year, and not on the salty aquifer. Lateral distribution of this soil is limited to a thin band
bordering the savannah, and its variability is
quite low, although some rocky outcrop may
be found at some place.
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Forested Island in the savannah
The next savannah related soil (Hulub Plate
p. 20) is characterized by the dominance of
the Hulub (Bravaisia tubiflora). This plant is
quite similar to the Red Mangle, although
it does not grow higher than 2 metres and
never grows into a tree. Its leaves are thick
like the Red Mangle and when a branch
touches the ground, roots develop under it,
allowing it to colonize and fix sediment. It
tolerates brackish water as well as fresh water, and follows and replaces the Red Mangle
when going inland. It has been found at altitudes between 0 metre a.s.l. in the lagoon
and a maximum of 12 metres a.s.l., which

shows that this plant is a water lover and
might linger a long time after its departure.
The density of the Hulub forest is probably
relative to the moisture of the soil and the
distance to water-related soils. It can form
very dense forests but is always associated
with other types of vegetation, forming a
shrubby or herbaceous stratum under the
protective canopy of other trees. Hulub may
be found in association with the red mangrove forest, the semi-deciduous medium
forest, the coastal semi-deciduous Pseudophoenix medium forest, the taciste forest,
and with Eugenia/Xcansik association, but it
is always surrounding wet lowlands. Therefore, soils developing under the Hulub will,
in all likelihood, vary greatly from one place
to another, and giving a name to a Hulub soil
might lead to misinterpretation.
The soil chosen in the Hulub Plate comes
from a very dense Hulub forest 7 meters
above sea-level, associated with only a very
few trees from a semi-deciduous forest. It is
permanently wet with a small peat horizon
(slightly histic properties) and a very hard
yellowish calcrete (petrocalcic horizon). It
presents high conductivity, between 3 and
4mS/cm, proof of marine influence, and a
pH of 7.8 at the top, increasing downward to
8.2. It does not react to HCl 10%, but at the
bottom of the soil showing a very slight reaction, while the calcrete shows a clear and
strong reaction. Other studied Hulub soils
show a high variability in their pH and conductivity.
Although hard to decide, the FAO name of
plinthosol was chosen because of the yellowish-brown colour (the colour of the picture is misleading) and the beautiful mineralization in the calcareous concretions (see
the macro-picture on the plate) as well as in
the petrocalcic horizon, possibly showing
plinthic properties.
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10

Salinity
2

pH

20

B

Leptic horizon
Dark reddish brown (2.5YR 2.5/2) mineral horizon similar to O, less fine roots,
gravelly coarse elements increase with depth down to 40cm where gravel
represents 99% of the volume of the soil. All coarse elements are made of the
same calcareous sediment that strongly reacts to HCl.
It seems here that decarbonatation is at its beginning, hence the alkaline pH of
the top soil, and very low salinity showing a strong influence of rainwater
above the salted watertable, and/or the salt has already been exported by
pionneer vegetation such as red mangle and hulub.
bottom colour ((2.5YR 2.5/3)

0

5

5

5

0

3

3

3

4 4-5 2 1-2

Moisture

0

Bioactivity

Roots

A

Microporosity

1

Reddish black (2.5YR 2.5/1) organic topsoil horizon made of a spongy root mat,
very aerated with few mineral material (sand and silt mainly). Most of the
volume of this horizon is constituated of air and fine roots and sounds hollow
when stepped; coarse element 2, gravel (HCl5).

Str. porosity

Forested Island on gravelous calcaric soil

Consistency

Thomson Trail TT2
N 18˚18‘15.76“ ; W 88˚11‘6.90“
Altitude 5 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Calcaric Leptosol (FAO)
Calcaric endopsammept (USDA)

HCl Reactivity

Forested Island

4 3-4 1-2

30
3

40

C

Grey-beige marlish-gravelly limestone sediment, unperfectly cimented, high
HCl reaction, pedological pseudostrata made by root’s infiltration.

5

50
60

At the end of the dry season, the watertable lies at 55cm below ground and
15cm below the stone line ; pH 7.2 ; 26˚C ; mS>20.00 indicating brackish water.

70
cm Depth
Subflat station at the top of a forested island at the end of Thomson Trail with chit palm, pseudophoenix, chicle, canellita, hulub, black chechem, laurels...
One centimeter thick blackish-brown litter made of palms, branches and leaves semi-decomposed and 10cm of undecomposed material.
This soil is very light and penetrable and topsoil dries easily but brackish water is never far away. Sun rays 2-3
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Moisture

HCl Reactivity

2

Organo-mineral horizon
very dark greyish brown (10YR 3/2); massive clay with little organic material;
few isolated peeble as coarse element, with a clear accumulation of Fe, Mg, Mn
hydroxide fringing the peeble with, from the outside, yellow-orange-black and
beige micritic limestone; important conductivity

Roots

A

Microporosity

Salinity

(H)

Small histic horizon of hulub leftover (poorly aerated organic matter)
peaty black (10R 2.5/1); organic material mixed with some clay giving scarse
microcrumble structure; lots of roots; greassy texture due to peaty material; no
coarse element

Str. porosity

3

Hulub (Bravaisia tubiflora) peat

Consistency

1

Shipstern Landing SL4
N 18˚18‘51.07“ ; W 88˚10‘39.27“
Altitude 7 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Petrocalcic Plinthosol (FAO)
Petrocalcic Plinthaquept (USDA)

Bioactivity

Hulub

Redoximorphic horizon
yellowish brown (10YR 5/6) mixed with orange and grey; massive clay; coarse
element: calcareous nodular concretions, peebles, gravel and platy blocks with
the same fringing colours as picture.
5 1-2 0

1

1

pH
30

3

Rp
40

Very hard yellowish calcrete, same fringing colours, botryoidal surface,
deepness might change from 20 to 40cm.

5

cm Depth
Flat station in hulub forest (Bravaisia tubiflora), peaty topsoil. Picture of a 3.5cm thick peeble with fringing colours.
Three centimeter thick litter made of roots and leaves almost exclusively from hulub.
The soil is entirely wet at the end of the dry season, no watertable. Sun rays 0-1
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A Bajo is a continental lowland in a topographic depression. Its size varies from a few
square meters (bajillo, bajillito) to the size of
a football field. Actually, there is no size limitation but those found in the Reserve are not
any larger. Bajos are characterized by certain
types of vegetation. The ones that stay wet
all year long host mainly taciste (Accoelorraphe wrightii) palm forests, called tacistal
in Spanish, in association with a few Tinta
(Haematoxylon campechianum) and Pucte
(Bucida buceras) among others. The ones
that dry out entirely for a few months in the
dry season are populated by various small
trees and shrubs such as Canelita (Gymnopodium floribundum), Samida yucatanensis and
Xcansik (Jaquinia sp.), the latter being characteristic of these bajos, as well as the presence of clearings that have not been found
in other vegetation communities. These lowlands are all temporarily inundated for more
than 6 months because of their high impermeability possibly caused by petrocalcic or
petroplinthic horizon and their high content
of clays. The Eugenia sp. dominated forest
seems to be a transition toward the drier
medium semi-deciduous forest. Trees are
higher and roots might penetrate deeper.
As the Xcansik and the Eugenia vegetation
plant communities showed the similar yellow soil, they are described together on the
same plate.

The Tacistal Plate (p. 22) describes the last
permanently wet soil of our study. The yellowish brown colour with the calcareous
concretion containing goethite nodules (see
macro-picture on the plate) is typical of the
plinthosols. No other characteristics were
found and it was, therefore, named haplic
(simple plinthosol). It is not petrocalcic because the calcrete is not plane but blocky.
The blocks show yellow and black fringing
mineralizations.
The pH is basic at the bottom (8.3) and becomes more acid upwards to reach 7.5 in the
topsoil (to be noted that 7.5 is still called a
basic pH). Other tacistals have shown a more
basic pH between 8 and 8.5. The conductivity is not very high but should be taken into
account. Values of 0.44mS/cm are found
10cm deep, increasing with depth to reach
0.57mS/cm at 50cm. These values are ten
times higher than the highly developed forest soils and ten times inferior to the savannah soils. At an altitude of 8 metres a.s.l., this
tacistal might have undergone some slight
marine influence. The other studied tacistals
(WT16 and TT8) also show this kind of conductivity values increasing in the topsoil. All
pH values show the same degree of acidification toward the surface.
It was interesting to find a high value of
0.66mS/cm in the topsoil. This may be due
to a process of accumulating salt at the surface, most probably through the shedding of
leaves or the decay of generations of plants.
This accumulation of salt at the surface was
observed in all of the salty soils (the three savannah soils, the hulub soil and to a lesser
degree the tacistal soil).
The gleyic horizon caused by permanent
water saturation in the protopetrocalcic
blocks at the bottom of the profile may indicate a direct genetic relation between the
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top of the water table and the formation of
a petrocalcic horizon. Further investigation
would be necessary to confirm this idea. Permanent ponds are often found in tacistals,
showing that water is never far away.

Typical tacistal
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(O)

Very dark grayish brown (10YR 3/2); subround aggregates with some angular
faces; no coarse element; progressive colour change to:

3 1-2 3

3 3-4 0

5 3-4 3

1

Moisture

Bioactivity

HCl Reactivity

Roots

Str. porosity

Tacistal on hydromorphic soil

Consistency

Main Trail MT18
N 18˚17‘29.57“ ; W 88˚12‘53.26“
Altitude 8 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Haplic Plinthosol (FAO)
Haplic Plinthaquox (USDA)

Microporosity

Tacistal

3 3-4

1

2

Brown (10YR 4/3); blocky aggregats easily brocken in millimetric crumbles;
clay; no coarse element; progressive colour change to:

10

A

3

0 2-3 3-4

20

pH

5

4

4

30

B

Plinthic horizon
Dark yellowish brown (10YR 4/4); massive clay with probably goethite
(yellowish brown) millimetric concretions becoming centimetric at the bottom
of the horizon; consistency also increases with depth; progressive colour
change to brownish yellow (10YR 6/8)

3 0-1 0-1 1-2 0 0-1 3-4

5 3-4

4

0

40

Salinity

5

Gleyic horizon in petrocalcic blocks
Grey (10YR 6/1); superwet; massive clay with yellowish brown calcareous
concretions (see macro-picture); sharing the space with calcrete blocks;
numerous vegetation remainings.

50

Cg

Rotten and blocky calcrete, wet and unperfectly cimented, yellow and black
fringe at the upper part of stones, uncaped sascab.

5 2-3 0

0 0-1 0

5

0

5

5

cm Depth
Flat station in tacistal bajo, rare hulub. Ten centimeter thick litter made of palms of taciste. The soil is entirely wet, soft and sticky at the end of the dry
season. Other tacistal soils show the same properties but the pH is between 8 and 8.5. Conductivity is very similar and concretion might be much
more important. Depth might change from 30cm to 80cm before calcrete. Macro-picture of calcareous concretion with goethite nodules. Sun rays 4
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The drying evolution of these bajos is shown
in the Xcansik-Eugenia Plate (p. 24).

notable tendency. All the conductivity values are very close to zero.
In any case, soils under both these vegetations show high variability, especially in regard to the presence of calcareous rocks
which sometimes reach the surface, the degree of hardening of the plinthite and the
depth of the profile. The soil described here
is an extreme case of petroplinthite development. Other soils were deeper, containing less concretion, less oxide-coloured pinthite, or to the contrary, shallower with white
limestone reaching the surface. Profile TT9
on the botanical trail close to the Reserve’s
headquarters is a very good example of this
variability.

The FAO Lecture Notes on the Major Soils of
the World, Driessen et al. (2001):
“Plinthite forms in perennially moist (sub)soil
layers. Formation of plinthite involve the following processes:
1.		 accumulation of sesquioxides (…)
2.		 segregation of iron (mottles) by alternating reduction and oxidation. Under conditions of water saturation, much of the
iron is in the ferrous form and “mobile”.
This iron precipitate as ferric oxide when/
where conditions become drier and will
not or only partially re-dissolve when
condition become wetter again.(…)
Hardening of plinthite to petroplinthite
In its unaltered form, plinthite is firm but
can be cut with a spade. If the land becomes
drier, e.g. because of a change in base level
and/or a change in climate, plinthite hardens
irreversibly to petroplinthite. Hardening of
plinthite involves the following processes:
1. cristallization of amorphous iron compounds to continuous aggregates of iron
oxides minerals, especially goethite, and
2. dehydratation of goethite (FeOOH) to
hematite (Fe2O3) and, if present, of gibbsite to boemite.
(…)
Soils with petroplinthite are especially abundant in the transition zone from rain forest
to savannah, notably in dry areas that were
once much wetter (…).”
This very clear explanation fits perfectly
within our region. Like the Tacistal, this
Xcansik-Eugenia soil is situated at 8 metres
a.s.l., just above the last sea-level’s highest
mark. For some unknown reason, the bajo

Inundated clearing after the first eavy rain
is exposed to much drier conditions than
the tacistal, leading to the development of
a petrocalcic horizon. The latter being close
to the surface, at 35cm, the prefix epi- is
applied, giving the FAO name of Epipetric
Plinthosol. The development of an Eugenia
dominated semi-deciduous medium-sized
forest that often surrounds bajos, leads to
the same kind of yellow soil. Or alternatively,
Eugenia has colonized this kind of soils when
it was already developed as a secondary forest following some vegetation destruction.
All the Xcansik-Eugenia soils studied show
pH values between 7.5 and 8.3 without any

Pedological Study of Shipstern Nature Reserve, Northern Belize

Before anything else, one should try to understand this strange limestone differential cementation that has been observed
throughout the forest, mainly from the
Xcansik-Eugenia to the evergreen forest. The
fact that the limestone bedrock - not just
boulders or blocks - without any soil formation under it, is so irregular, is a strange feature to a geologist. It outcrops in one place
while being buried under one meter of soil
close by. The tube-shaped limestone structures found at MT15 and under the main trail
hut are also very intriguing but give a good
clue to start providing some explanation. We
have already talked about the patchy coral
morphology and other processes that might
result in similar structures of blocks turned
upside down beside softer lagoon sediment,
more prone to weathering, but these tubeshaped structures cannot be explained by
these processes. Although one publication
of the FAO provides a good theory, one
should first remember that this region, even
the higher spots of the peninsula, once consisted of fresh and muddy sediment. Muddy

means clayish, and these clays were very
similar as to what we find in the savannah
today. After pedological processes started,
clays may have changed in nature because
of the intense tropical weathering. Changed
or unchanged, when these clays dry, they
retract and crack, giving what is called ‘mud
cracks’. When water returns again, these
clays swell, absorbing water in their mineral
structure. These clays have swelling properties. When repeated swelling and shrinking
happen during the centuries, some characteristic structural features start to form. Soils
having swelling clay may form vertisols, and
vertisols might form gilgaï, or gilgai, word of
Native Australian origin.
The FAO says:
“Gilgai on level terrain consists of small
mounds in a continuous pattern of small
depressions, or depressions surrounded by
a continuous network of narrow ridge. (…)
The wavelength (from centre of mound to
centre of depression) is between 2 and 8 m
in most gilgais; the vertical interval is normally between 15 and 50 cm. (…) Round,
lattice or linear gilgai might form.”
The author’s opinion is that gilgaï morphology may exist somewhere in the Reserve,
especially round gilgai under the XcansikEugenia vegetation. This theory only would
explain the tube-shaped structures. However, the latter are buried under flat soil. Thus,
these gilgai can only be fossil, as if conditions changed and gilgai stopped forming.
The relation with cementation is also very
interesting: why would gilgai morphology
cement? As yet, there is unfortunately no answer to this. Perhaps this morphology is just
the result of karstic irregularities under the
soil? These unanswered questions remain
very intriguing.
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Xcansik-Eugenia

Roots

HCl Reactivity

Bioactivity

Moisture

Salinity

Microporosity

A

1

Grumic horizon, little organic material integrated
yellowish-brown (10YR 5/6) anglular blocky aggregates breaking in 2-3mm
crumbles; clay with a few isolated blocks with yellowish then blackish fringing
into micritic hard beige limestone.
gradual colour transition to:

Str. porosity

Clearing in Jaquinia sp. bajo (lowland)

Consistency

Main trail MT15
N 18˚17‘24.44“ ; W 88˚12‘52.70“
Altitude 8 m.a.s.l.

0d 3

3

3

3

0

1

0

0d 3

1

1

2

0 0-1 0

0d 4

0

0

0

0

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Epipetric Plinthosol (FAO)
Petric Plinthaquox (USDA)

Grumic horizon
brownish-yellow (10YR 6/6); clay with a few isolated blocks with yellowish then
blackish fringing into micritic hard beige limestone; gradual colour transition
to:

10

B1
2

Plinthic horizon
yellow (10YR 6.5/6); same clay with a few isolated blocks with yellowish then
blackish fringing into micritic hard beige limestone, some small red-rose
nodules in calcareous nodular concretion (see macro-picture).

pH
20
0 0-1

B2
3

30

35

Rp

Petroplinthic horizon (hyperplinthic residual)
hard flat bed of plinthite-pisolite cimented to form a hard pan.
the inside of the concretions are mainly red and black; HCl 5

5

cm Depth
Flat station in a bajo without any vegetation 3m around the hole, surrounded by a shrubby 3m high clear forest with a lot of xcansik (Jaquinia sp.).
The surface of the soil has no litter except for this few millimeter thick grayish-black algal or bacterial cracked mat.
The subsoil contains a little moisture in march but is entirely dry at the end of the dry season. sun rays : 4-5
Hard blocky micritic limestone should be found under the petroplinthite.
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The next four soil profiles form a clear series
under a proper forest cover, starting from
the coastal area, approximately 8 metres
a.s.l., to the most developed forest found at
the highest altitude in the region (17metres
a.s.l.). When comparing the four soils, clear
tendencies can be seen. They are all characterized by a very low conductivity, showing
no marine influence with pH values increasing from the coast (7.5) to the high forests
(8.3 to 8.5). These soils have no calcrete and
are usually well drained with high microfauna or pedofauna activity in the topsoil.
The further inland, the thicker and higher
the forest becomes, and the deeper the soils
are. This is important in regard to changes in
temperature and humidity during dry and
wet seasons, as well as during day and night
(Roeder, 2003). If the canopy is thin, when
more than 50% of the trees lose their leaves
(semi-deciduous forest) or simply because
of the species, temperature and humidity
have high amplitude changes, leaving the
soil more prone to heating and losing its water. Plants have to bear it. When the canopy
is thick and dark all year long (evergreen
forest), it protects the soil from the sun and
water remains longer in the soil and under
the canopy (air moisture). Therefore, trees
don’t need to cope with droughts. This influences the soil, and especially the evolution
of organic matter and its relation with other
constituents of the soil.
The dry coastal semi-deciduous mediumsized forest (Kuka Palm Dry Forest Plate
p. 26) is the coastal version of the semi-deciduous medium forest. It is often called the
Pseudophoenix forest, but this species is far
from being dominant. In fact, this species
is very rare and endemic to the Yucatan peninsula, and therefore gives its name to this
type of forest ( Bijleveld 1998). This forest ex-

ists only on the north-eastern part of the reserve, on the Thomson and Eastern Trail (see
transects) which are lower in altitude than
the others. Another variant of this coastal
forest is canopy-dominated by Lysiloma sp.
(Bijleveld 1998). As the Kuka palm is rare and
sparsely distributed, and as the soils of the
two forest types are similar to the eye and
considering that the Lysiloma forest is only a
variant of this dry coastal forest, it has been
mapped as one and the same vegetation.
The soils of this forest are red, clayish and
usually very shallow (epileptic in the FAO
soil classification). At a maximum of 25 to
35cm under the surface, the bedrock is
found usually in a hard and eroded lapiaz
form, as under the savannah sediment. This
means that the limestone under this forest
has hardened and been eroded before life
came to colonize it, and before the first soil’s
pockets started to form. In the savannah, the
limestone hardened and was eroded before
the Sea brought its most recent sediments.
In other places, a plane and hard calcrete is
found, generally at the same depth, but in
most of the places, limestone is outcropping
or a few centimetres under the surface. This
shallowness is the main characteristic of this
soil and the main difference with the noncoastal semi-deciduous forest. Other soils
in the same forest show pH values between
7.5 and 8 and very low conductivity. Soils in
Pseudophoenix forest in association with an
important Hulub, Xcansik or Eugenia population show plinthic properties. Consequently,
it may be stated that this forest does not induce strong pedological properties, and/or
that it is quite young, and/or that a limiting
factor slows down soil evolution. The horizon differentiation is weak or just beginning,
the red colour and the lack of carbonate are
the major properties, and having no other
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higher and the Kuka palms disappear to be
replaced by some other, possibly more competitive, species. The Semi-deciduous Forest Plate (p. 27) shows a typical soil of this
forest. It is very similar to the Pseudophoenix
forest’s soil but thicker and slightly more basic, with a pH between 7.7 and 8 (up to 8.3
for other similar soils). Conductivity is again
very low like, without exception, in all soils in
the semi-deciduous forest. Again, high pedofauna activity is to be found in the easily
drained soil with a good structure. However,
the bedrock is different, with hard whitishbeige micritic limestone blocks on soft and
oxidized sascab. This could mean that the
sediment was soft when life colonized it, but
this needs confirmation. In any case, horizon
differentiation is low and the strong red colour (chromic) is the main characteristic of
this soil. It was named a chromic cambisol
(FAO) and no USDA could be clearly given.

Semi-deciduous forest
diagnostic properties was named cambisol
in the FAO classification (from Latine cambiare, to change). No USDA name was found to
clearly define this soil.
With a slow transition, the forest becomes

Variability of these soils is high: thickness,
coarse elements and colour might change
from one soil to another. Colours change a
lot between red, brownish and blackish-red,
recalling the fact that forests re-grow after
every general destruction on soils that could
have carried a different forest before. As an
example of colour variability, the macro-picture on the plate shows strange aggregates
that seem to have been made by worms and
backed. These are orange, stone-hard, centimetric, and vermicules and worm holes can
be seen. This type of aggregates was found in
the semi-deciduous forest’s soils, at various
depths and as pockets in the usual soft, red
or blackish-red aggregates. The origin and
the reason of its presence here is not known,
but forest fires might be responsible for the
backing and rain for the gathering. Further
investigation is needed to understand this
particular phenomenon.
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Kuka palm dry forest

3

5

Moisture

5

Bioactivity

Roots

0d 2

HCl Reactivity

Microporosity

Vermic horizon
Reddish brown (7.5YR 4/4); root mat with rounded aggregates with many
vermicules (5+); clay and silt with some gravels and blocks of whitish
limestone, micritic at places, soft and oxidized at others.

Str. porosity

Shallow red soil in Pseudophoenix sargentii dry forest

Consistency

Eastern Trail ET10
N 18˚18‘54.26“ ; W 88˚10‘39.43“
Altitude 9 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Epileptic Cambisol (Chromic) (FAO)

1

AB

pH
10

0 5+ 0

The transition between the two horizon is unclear and varies in depth. Around
this profile, a 5cm reddish-brown horizon lies directly on the hard bedrock, or
can be very blocky down to 40-50cm deep. High variability.

Cambic horizon
Brownish red (7.5YR 4/6); rounded aggregates with some vermicules (3); clay
and silt with blocks of eroded limestone, chaotic transition to:
20

B
0d 3-4 4

2

Salinity

3 1-2 0

4

0

White and rusty hard lapiaz eroded micritic limestone, which can be found at
5cm deep (in ET7 for example).
30

R

5

40
cm Depth
Subflat station in 7m high Lps forest with kuka palm, canelita, gumbolimbo, black chechem...
No water table, dry soil, 3cm litter made of leaves, branches and palms, Sun rays 3
Picture: pseudophoenix seed in march.
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Semi-deciduous forest

4

Moisture

4

Bioactivity

0d 4-5 4

HCl Reactivity

Roots

1

Microporosity

Vermic horizon
Dark reddish brown (2.5YR 3/4); pluricentimetric aggregates with angular faces
and vermicules, break in smaller (down to millimetric aggregates; clay and silt;
no coarse element; unclear transition to:

Str. porosity

Red clayish soil in semi-deciduous forest

Consistency

Eastern Trail ET16
N 18˚19‘20.63“ ; W 88˚10‘39.49“
Altitude 12 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Chromic cambisol (FAO)

0 4-5 0

A
pH

2

10

20

B

Cambic horizon
Red (2.5YR 4/6), chroma increasing downward to (2.5YR 4/8); massive pluricentimetric aggregates with angular faces and vermicules diminishing downward,
break in smaller aggregates; clay without any coarse element; thickness
varying between 20 and 40cm, abrupt limit with massive blocks but soil is
present around the first blocks at least.

0d 4-5 1-2 3-4 2

0

30

4

0

2

Salinity
3

40

50

C
Hard whitish-beige micritic limestone with fossilized shell of gasteropodes and
bivalves; oxide traces only in the crack of the stones; high HCl reaction; at
50-60cm deep, only rock is found which might not be as hard as the upper
blocks.

5

cm Depth
Subflat station in 10-12m semi-deciduous medium forest with chicle (40cm dhp), black chechem..
No water table, dry soil, 3cm litter made of leaves, and branches, Sun rays 3
The macro-picture shows strange orange aggregates that seem baked; they are stonehard and appear in pockets in sdm soils at various depth.
Pedological Study of Shipstern Nature Reserve, Northern Belize

page 27

The Semi-evergreen Forest Plate (p. 29)
presents the next stage of the forest becoming thicker with less trees shedding their
leaves and the canopy filtering more light. It
is the more evolved type of forest found in
the Reserve on this side of the lagoon. Interestingly, this forest shows very often fallen
or broken trees, laying on the floor, mainly as
the result of strong wind, leaving space and
light to liana-type plants and younger trees.
It usually provides a chaotic image of this
forest, with trees of all ages side by side. An
ancient milpa area (slash-and-burned field)
might engender the same outlook. This is
not the case in the semi-deciduous forest
where trees are usually of the same generation.
These soils usually show a pH between 8 and
8.5, which is slightly higher than the semideciduous forest. Conductivity is very low,
close to zero. In the soil, high pedofauna
activity gives a vermic top horizon and the
presence of more than 50-60% of the volume in the subsoil of pulverulent rotten calcareous coarse elements strongly reacting to
HCl 10% gives a calcic horizon in which the
soil does not react to it. These soils are well
drained but still contain a small amount of
moisture at the end of the dry season, which
makes a big difference compared to the
semi-deciduous forest, although variability is
quite high. The same parameters (coarse elements, thickness and colour) might change
from one place to another. The weak horizon
development gives it the name of cambisol
in the FAO classification. The USDA classification requires too precise information to find
a clear translation of this name. All of these
cambisols most probably are inceptisols in
the USDA Soil Taxonomy, but what kind of
inceptisols exactly remains to be defined.
These soils mostly developed at an altitude
higher than 15 metres a.s.l.

The next forest in terms of canopy development and degree of evolution is the Cohune
forest. The dissemination of this palm species
in the region deserves some clarification.
The species is very common in the south
of the country where precipitation is more
important (values of about 300 to 400cm/y
are common in the Maya mountains) and
the dry season is very short or even absent
(Hartshorn et al. in Bijleveld 1998). It is possible that a wetter climate in the past could
have allowed Cohune forest to grow in the
Shipstern region. Although not supposed to
grow on dry land like the Yucatan peninsula it
is yet found flowering close to the Shipstern
Landing’s hut, south of the lagoon where annual rainfall is somewhat higher than to the
north of the lagoon (see Shipstern Landing
Transect plate). A tiny village existed there
before its destruction by hurricane Janet in
1955. The Cohune palm nut was traditionally
used to make oil for daily cooking. Some people in Sarteneja also said that Cohune palm
was found north of the lagoon some decades ago, but that they were all cut for milpa
cultivation. Traditional farming knowledge
tells us that where the cohune palm grows,
the earth is very rich and fertile. Therefore, it
might have gradually disappeared from the
Sarteneja peninsula because of increasing
human settlement, but it might also have
been cultivated by humans when no other
oil source was available. Apart from this historical blur, the development of this evergreen forest has been recorded in the soils.
The Cohune Evergreen Forest Plate (p.30)
presents a sample of what is considered to
be the most evolved and fertile soil in the
region. It is characterized by its very dark
colour, from reddish black at the top to dark
reddish brown at the bottom; residual moisture at the end of the dry season; high pedo-
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fauna activity; high water retention capacity although being well drained; important
thickness and luxuriant vegetation.

Horizon differentiation is not very clear
but a clear calcareous blocky horizon separates the decarbonated overlying horizon
from the calcaric underlying horizon (high
HCl 10% reaction below 35cm). The 20 first
centimetres do not contain any calcareous
element and whether or not the calcaric
horizon (B2) was produced by secondary
carbonates, deserves more investigation.
“Secondary carbonates (Driessen et al. 2001)
are translocated lime, soft enough to be cut
readily with a finger nail, precipitated from
the soil solution rather than inherited from
a soil parent material. As a diagnostic property, it should be present in significant quantities. Secondary carbonate accumulation
may disrupt the fabric to form spheroidal
aggregates or “white eyes” that are soft and
powdery when dry, or secondary carbonates may be present as coatings in pores or
on structural faces. If present as coatings,
secondary carbonates cover 50% or more
of the structural faces and are thick enough
to be visible when moist. If present as soft
nodules, they occupy 5% or more of the soil
volume.” According to this definition, the B2
horizon might contain secondary carbonates in spheroidal aggregates as shown on
the macro-picture in the same plate.
This kind of soil has been found at Shipstern
Landing (SL10) at an altitude between approximately 15 and 19 metres a.s.l. and although this forest doesn’t exist anymore to
the north of the lagoon, a very similar soil
has been found at Nathalie’s backpacker,
when digging a water well (figure 11, with
a Belizean shilling coin of approximately
3cm wide giving the scale, this soil is thus
approximately 60cm deep). This could be a
proof of the presence of cohune forest near
Sarteneja some time ago.

Figure 11: Nathalie’s waterwell
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Semi-evergreen Forest

A

pH
2

5

4

5
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3-4 4
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3 2-3 0

2-3 4
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3

Moisture

1

Bioactivity

HCl Reactivity

10

Vermic horizon
Dark reddish black (5YR 3/4); centimetric aggregates with angular faces
and vermicules breaking easily in
submillimetric crumbles; clay; some
whitish-grayish rotten calcareous
peeble and blocks; progressive
transition to a more reddish coloration.

Roots

1

Dark reddish black in 5cm thick root mat

Microporosity

(O)

Str. porosity

Black soil in semi-evergreen forest

Consistency

Main Trail MT22
N 18˚17‘48.04“ ; W 88˚12‘53.53“
Altitude 16 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Calcic Cambisol (FAO)

5 0-1

4

1

20

3

B

Salinity
30

4

Calcic horizon
Reddish brown (5YR 3/4); clay with
50-60% of the volume pinkish white
pulverulent rotten limestone (HCl=5)
blocks, gravels and sand. Lots of roots
up to 5cm in diameter just above the
sascab.

1
5

0

1 1-2

40

C

5
Oxidized whitish soft and pulverulent limestone known as Sascab.

50
cm Depth
Flat in 15-20m high semi-evergreen forest with many fallen or broken trees leaving room for younger tree, botan palm, warry tree (dhp15 to 40cm)...
No water table, the soil is not completely dry, aggregates are soft.
4cm high litter made of leaves and branches. The picture: nocturnal mushroom fruit body growing on this soil, probably a Dictyophora multicolor.
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Cohune Evergreen Forest

pH

Calcic horizon
Very dark red (2.5YR 2.5/2); pluricentimetric aggregates but less vermicules
and more angular faces than above; clay; 50-60% of the volume is pinkish
white pulverulent limestone (HCl=5) blocks, gravels and sand.

2

0d 4-5 4

4 2-3 0

4

1

0d 3

3

Roots

Moisture

10

Bioactivity

A

HCl Reactivity

1

Microporosity

Vermic horizon
Reddish black (2.5YR 2.5/1); pluricentimetric aggregates with angular faces and
vermicules; clay; very few calcareous peeble; progressive transition to a more
reddish coloration (chroma 1 to 3).

Str. porosity

Black soil in cohune (Orbignya cohune) forest

Consistency

Shipstern Landing SL10
N 18˚13‘27.60“ ; W 88˚10‘37.13“
Altitude 17 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Calcaric cambisol (FAO)

20
3

30

B1

Calcaric horizon
Dark reddish brown (2.5YR 2.5/3); looks like Toblerone chocolate; very fine
cracks in almost roundish aggregates that break very easily; clay; same 50-60%
of the volume is pinkish-white pulverulent limestone blocks, gravels and sand.
High HCl reaction.

4

2

0

1 1-2

Salinity

40
4

B2
4 3-4 2

3 0-1 5 0-1 2

50

C

Oxidized whitish soft and pulverulent limestone known as Sascab.

5

cm Depth
Flat in 15m high Cohune evergreen forest. Lots of uprooted or broken trees that allows bushes and small trees to grow.
No water table, moistured soil can be found at the bottom, getting drier upward: 5cm litter made of leaves, palms, truncs and branches, Sun rays 1
The macro-picture of B2 shows pulverulent soft secondary carbonate forming “white eyes”.
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The last soil described in this study is an anecdotal one and shows what local people
call a “Maya Ruin” (Ruina Maya Plate p.32).
These “ruins” are more or less round or oval
mounds of allochthonous earthy material
brought, or thrown away, by the Maya which
could be a few hundred or a thousand years
old. These mounds are usually a few metres
to a few tens of metres wide, and seem to
have been made over a long period in which
repetitive accumulation of diverse material such as burned stones, ashes, dirt, dust,
mud, detritus, broken pieces of ceramics etc.
took place. The soil is then terric (in the FAO
taxonomy, a terric horizon results from addition of earthy manure, compost or mud
over a long period of time. It has a non-uniform textural differentiation with depth)
although, regarding its small surface, it was
probably not meant to improve the soil’s
fertility. The real purpose of these structures,
if other than heightening a house to avoid
flooding during eavy rain, is unknown. The
type of vegetation growing on it seems to
have no direct relation with its development
or evolution.

The MT5 soil profile described in the plate
is situated in a semi-evergreen forest with
a reddish-brown cambisol all around the
“ruin”.
The first 50cm present a lot of roots, high
pedofauna activity, high HCl 10% reactivity
showing its carbonate nature, a basic pH of
8.6 with a conductivity close to zero, very
variable structure and texture and between
10 and 30cm depth, broken pieces of Mayan pottery. These artefacts are usually red
to brown with some black, red and orange
paintings on few of them.

Two unidentified inhabitant of this topsoil:
a worm and larva (prob. Coleoptera)

Mayan artefacts with snail shells

The underlying B horizon, down to a depth
of 90cm, shows less roots and pedofauna
activity. It is more consistent and may contain few secondary carbonates. It lies on the
surface horizon of a buried red cambisol that
presents an exceptional high pH value of 9.3
and a high reaction to HCl 10%. At the very
bottom of the “ruin”, a white, chalky, soft and
irregular proto-horizon did develop directly
overlying the buried cambisol that has various chemical properties. It seems that secondary carbonates accumulate at this depth
because of the abrupt chemical change.
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Ruina Maya
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4

4

2

Moisture

5

Bioactivity

5

HCl Reactivity

0 0-1 5

1

20

30

Roots

10

Microporosity

Greyish-ashish brown; lot of earthy mayan broken artefacts between 10 and
30cm deep; very variable structure but mainly fluffy with millimetric crumbles;
texture: sand and silt with block and gravel; very irregular transition to:

Str. porosity

Mayan hillock on red soil in semi-evergreen forest

Consistency

Main Trail MT5
N 18˚17‘37.44“ ; W 88˚12‘54.04“
Altitude 16 m.a.s.l.

Plasticity

0 Conductivity (mS) 10
pH
9
6.5

Terric Anthrosol (FAO)

A
2

40
pH
50

60

3

B

Calcic horizon
Ashy grey; aggregates break in microcrumbles easily; sand and silt texture with
grey calcareous blocks and gravels as if burned; secondary carbonates might
be found around stones and a very white, chalky and irregular protohorizon,
most probably secondary carbonates, accumulate just above the other soil and
its different chemical properties.

70
Thaptochric top horizon of buried red cambisol.
At the foot of this mound, all around it, the typical red soil is found. This horizon
shows the usual red soil characteristics except that the pH is very high (9.3)
and it is more compact.

80
Salinity
90

4

cm Depth

5

1

Ab

Subflat at the top of a small anthropedogenic lense-shaped hillock (1m x 7m x 10m) overlying red soil in 15-20m semi-evergreen forest.
This 1m high hillock seems to have been built by the deposit of successive garbage and fireplace leftovers. Sun rays 2
The macro-picture shows the transition between buried soil and anthropogenic soil with secondary carbonates.
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Interpretation and discussion:
the transects
Five transects showing the vegetation and
all soils studied during this research are presented hereunder (see pages 35 to 39, and
figures 1 and 3 for geographical position).
These transects are the compilation of the
results of this study, and in order to be clear
and readable, many details had to be left
aside, while some arbitrary decisions had
to be taken, especially when determining
the limits of vegetation and soils. They were
made to help the reader understand the
main tendencies of soil distribution in relation to vegetation. For easy comparison they
are presented together being the base of the
following discussion.
First of all, the main result obtained by geological studies on the variation of sea-level
and confirmed by conductivity measurements, is the difference in age of the soils.
The area situated between less than 6 to 8
metres (figure 3) above sea level received
between 20 to 100 centimetres of fresh calcareous sediment resulting from two sealevel rises that occurred around 900 years
and 2700 years BC.
The soils of this area are consequently very
young, most probably 900 years old, and
showing a marine influence expressed in
medium to high conductivity values due to
residual salt in the soils or in the soil solution.
They are usually permanently wet, when not
saturated by water and belong to the fluvisols with more or less intense plinthic properties, or to plinthosol with different degrees
of development. Fluvisols are in the savannah and at low altitude; the sediment shows
very little pedological properties. Going toward the terrestrial area, with increasing altitude, the plinthosols are exposed to drier

conditions and begin to develop calcareous
concretions with various oxide (iron oxides
mainly) colorations. Some goethite nodules
have been found alone in the muddy matrix, or within the calcareous pedo-concretions. With repeated drying periods, these
plinthosols may develop a petroplinthic
horizon by crystallizing together these concretions, forming a hard reticular layer that
will not re-dissolve when inundated. Redder oxide than goethite, most probably
haematite, might be found in this layer (see
Xcansik-Eugenia plate). The dry plinthosols
are bright yellow, the wetter plinthosols are
more grey or brown, but always with a yellow hue. Therefore, they are separated on
the transects as hydromorphic soils and yellow soils.
Fluvisols are quite similar and show low variability. To the contrary, plinthosols show high
variability especially in the thickness of the
soil. The drier ones have a hard petroplinthic
or petrocalcic horizon of only a few centimetres - between 5 and 30 cm - below the
surface. The wetter ones are usually deeper,
down to 80 cm, but they may be found side
by side with a very shallow one. The role of
limestone cementation is certainly very important, but more investigation is needed.
Fluvisols of the savannah are covered by a
halophile vegetation that supports permanent water saturation, such as various Cypercaea and the mangroves, mainly Rhizophora
mangle. Quasi-permanently wet plinthosols
support the tacistal (Accoelorraphe wrightii
forest) or the Hulub (Bravaisia tubiflora) forest. The presence of abundant water allows
the potential accumulation of peaty material at the surface, acidifying the soil. The
Plinthosols that entirely dry out in the dry
season are characterized by low to very low
semi-deciduous forest with Jaquinia sp. and
with habitual clearings, usually in the lower
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part of this ecosystem, while Eugenia sp.
form a transition towards the higher and
thicker forest.
The plinthosols are also present in depressions at higher altitude, the important factor of its development being the seasonal or
perennial saturation with water. The formation of hard and plane petrocalcic (usually
capping the sascab bedrock) or a petroplinthic horizon increases the impermeabilization of the depression, allowing longer water
saturation or even the presence of ponds. As
a result, these soils sustain their own development and might therefore be very stable
in time.
The other lowland soil is the leptosol on a
“forest island”. It is characterized by a high
botanical diversity and growth usually limited by harsh conditions. Only one of these
soils was found and studied. It seems to have
a very narrow distribution around the savannah, but not much can be said about this
soil and even its name leaves doubts. Main
characteristics are its 20cm thick rooty and
very prone to drought topsoil, the gravelly
calcaric subsoil and the perennial presence
of the salty aquifer like the one in the savannah, and most certainly at the same level.
This particular soil series is very dependent
on water saturation, ancient or current, permanent or seasonal. The other series begins
at approximately 8 meters above sea-level,
and soils are therefore much older as no
fresh sediment has been deposited there
since the Pleistocene last sea-level highest
mark. Pleistocene sea-level changes were
not studied here in detail, but an estimate
of 20 to 100 000 years without submersion
seems plausible. As water retreats slowly
from a continental shelf, we might suppose
that younger soils are found at low altitudes

and older ones at higher altitudes.
But as old as they may be, these soils remain
still quite thin. The reason of this minimal
vertical development is probably due to high
temperatures, the availability of water and
the resulting richness of life that recycles all
organic material very rapidly, mixing it with
mineral material, allowing almost nothing to
accumulate. No soil deeper than 60cm was
found. The thickness of soils increases from
the coastal region to the centre of the peninsula: 20 to 30cm thick for dry Pseudophoenix
forest that grows from 7- 8 metres up to a
maximum of 15 metres a.s.l., 20 to 50cm
thick for semi-deciduous forest that has
been found at various altitude from less than
8 metres to more than 16 metres a.s.l., and
50-60cm thick for the semi-evergreen forest
that grows usually from 12 to 20 metres a.s.l.
This increase in depth is linked to altitude,
the age of the forest, the height of the trees
and the thickness of the vegetation. This is
best seen on the Shipstern Landing and the
Western Trail transects. It shows the importance of the vegetation in soil development:
the thicker the forest, the thicker the soil.
Colour change, from red to black, also follows the evolution of the forest. The coastal
soils are very red and the evergreen Cohune
forest soils are black, with a blurred transition between them. Black soils are more fertile, richer in organic matter and intricately
linked with mineral material. Therefore: the
thicker the forest, the richer is the soil.
Beside their little depth, these soils present a
weak horizon differentiation. AC or ABC as a
very usual vertical organization and gradual
transition between horizons are arguments
in favour of the weakness of the pedological processes. The vertical material transfer
seems to be very low although weathering
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is strong. The high water retention capacity
of these well-structured clayish soils hosting
a dense and powerful root network, along
with the presence of an important underground karstic network, may be responsible
for this. The permeability of a karstic bedrock allows the surplus of water to evacuate,
avoiding water saturation. The soil remains
well-aerated with sufficient oxygen available
for the pedofauna and roots to grow healthy.
The high amount of clays and the good
structural properties of the soil will allow the
retention of large amount of soil water that
will be useful in times of drought. This water
balance improves with the thickening of the
forest, allowing more life to develop, etc. The
leaching responsible for the horizons differentiation is therefore very low.

or ground, or a lucrative material to be sold.
Once destroyed, once a soil dies, another
20000 years will be necessary to reconstitute
it. Industrial agriculture, air and water pollution are the principal enemies of the soil.
Pesticides, chemical fertilizers, oil drilling
and artificial life forms such as genetically
modified organisms are a serious danger for
the soil, in fact for life as such, and especially
for us.

In this global warming century, fragile ecosystems situated at the border between land
and sea, between dry weather and deluge
rain like the Sarteneja peninsula, have a very
uncertain future. What will happen if indeed
the sea goes up or down a few meters? What
will happen if the rain clouds migrate 50km
south? What will happen if the dry season
disappears? How would these ecosystems
react?

Last but not least, one very important aspect
of soils and by extension their underlying
geology is that they often have a primordial
influence on the quality of ground water.
Karstic soils, despite the soil’s capacity to absorb water, will let any kind of pollution head
straight into the groundwater and spread
throughout the aquifer. In other words, pollution that happens a mile away, can potentially spread very rapidly into every well in
the area. The Shipstern/Sarteneja area lies
on such karstic soils. Hence uncontrolled
dump sites, which under normal conditions
are a hazard to the environment and human
health, are particularly dangerous in this
part of Belize. Inevitably, rainwater will leach
contaminants first in the soil, then into the
ground water. As such, dumpsites should
not be at all allowed on karstic soils, and
these may well be the number one environmental issue communities such as Sarteneja
and Chunox will soon face.

The Maya did understand these processes
very well. Traditional milpa cultivation uses
the nutrients of the soil during a few years,
upon which the land has to be laid fallow until life has enriched it again. The Maya were
also able to cultivate poor soils by controlling
the water balance. Permanently water saturated soils had to be drained and fertilized.
Soils prone to drying out had to be kept wet
during the dry season. Air, water and life. In
other words, all a soil needs to stay alive and
to give its best to life surrounding it.
This coastal region, with its alternate wet
and dry seasons and its hurricanes, is a fragile ecosystem. The soil is the base of it all.
More than twenty thousand years where
necessary to develop a fertile soil, supporting light alternating agriculture. Destroying
it happens much easier and faster. A soil is a
living thing, recording traces of every form
of life existing, recycling death into life, feeding all terrestrial life, and, as any living thing,
it can be sick, and it can die. It is not just dirt,
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Further studies related to soils could bring
interesting information. The understanding
of the relation between pedofauna and the
various soils and vegetation is an example.
The pollen record of the fresh sediment in
the lagoon and/or of the soils would improve
our knowledge of past plant communities
and the ecologic evolution of the region. The
rock cementation and dissolution processes
in the different soils, a paleo-reconstruction
of the Sarteneja reef plateau would help our
understanding of the relation between soils
and carbonate sediment.

Post-mayan artefacts
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Eastern Trail
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slightly acide<7
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pH

*soil description plate

Vegetation type

Soil type
Petroplinthic horizon
Lapiaz limestone

Black fertile soil (Cambisol)

Cohune evergreen forest

Tacistal (Accoelorraphe wrightii dominated forest)

Semi-evergreen medium forest

Hulub (Bravaisia tubiflora) dominated

Semi-deciduous medium forest
Coastal semi-deciduous medium forest
with Pseudophoenix or Lysiloma

Pincha huevos (Cladium jamaicensis) savannah

Blocky sascab

Herbaceous savannah

Concretions (with goethite)
Calcrete

Gravelly calcaric soil (Leptosol)

Calcareous coarse elements

Sediments (Fluvisol)

Eugenia sp. dominated medium forest

Red Mangle

Red soil (Chromic Cambisol)
Yellow soil (Plinthosol)
Hydromorphic soil (Plinthosol)

Xcansik (Jaquinia sp.) low forest
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Thomson Trail
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Soil type
Petroplinthic horizon
Lapiaz limestone

Black fertile soil (Cambisol)

Cohune evergreen forest

Tacistal (Accoelorraphe wrightii dominated forest)

Semi-evergreen medium forest

Hulub (Bravaisia tubiflora) dominated

Semi-deciduous medium forest
Coastal semi-deciduous medium forest
with Pseudophoenix or Lysiloma

Pincha huevos (Cladium jamaicensis) savannah

Blocky sascab

Herbaceous savannah

Concretions (with goethite)
Calcrete

Gravelly calcaric soil (Leptosol)

Calcareous coarse elements

Sediments (Fluvisol)

Eugenia sp. dominated medium forest

Red Mangle

Red soil (Chromic Cambisol)
Yellow soil (Plinthosol)
Hydromorphic soil (Plinthosol)

Xcansik (Jaquinia sp.) low forest
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Main Trail
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Western Trail
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Shipstern Landing
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Western Trail
Samples

depth (cm)

Temp (cent.)

Main Trail
pH

mS

Couleur

WT1/1
WT1/2
WT1/3
WT1/4

2
7
20
30

27.7
27.7
27.7
27.7

8
8
7.8
7.8

7.86
3.36
2.75
2.08

7YR3/1
10YR4/2
10YR4/3

WT2/1
WT2/2
WT2/3
WT2/4

4
12
20
35

27.6
27.6
27.6
27.6

7.7
8.1
8.3
8.3

1.2
0.91
0.69
0.5

7.5YR2.5/2
7.5YR4/4
7.5YR4/6
7.5YR5/6

Thomson Trail

Samples

depth (cm)

Temp (cent.)

pH

mS

sed Red Mangle
sed Red Mangle

5
20

27
27

8.5
8.4

3.84
3.14

MT1/1
MT1/2
MT1/3

6
30
50

27.5
27.3
27.2

8.3
8.4
8.5

6.9
3.03
2.71

MT1.2/1
MT1.2/2
MT1.2/3
MT1.2/4

3
6
10
20

26.9
27.1
27.1
27

8.1
8.4
8
8.3

5.3
2.78
4.65
2.46

MTH0/1
MTH0/2

8
18

27
26.8

7.5
8

5.42
3.99

WT3/1
WT3/2
WT3/3
WT3/4

6
9
12
12

27.6
27.6
27.6
27.6

7.6
7.9
8.1
7.9

0.55
0.93
0.29
0.35

5YR3/3
5YR3/2
5YR3/2
5YR3/3

WT4/1
WT4/2

10
15

27.6
27.4

7.9
8.1

0.46
0.46

5YR3/2
5YR3/3

MTH4/1
MTH4/2
MTH4/3

8
20
35

27.2
27.1
27

8.1
8
8.3

1.25
4.88
2.8

WT5/1
WT5/2

7
15

27.5
27.5

8.1
8.2

0.09
0.12

2.5YR4/6
2.5YR4/6

MT2/1
MT2/2

10
25

23.1
23.1

8.1
8.2

2.59
2.59

WT7/1
WT7/2

5
14

27.6
27.6

8.1
8.2

0.13
0.1

2.5YR3/2
2.5YR3/3

MT3/1
MT3/2
MT3/3

5
20
35

23.1
23.1
23.1

8.2
8.1
8.1

0.35
0.84
0.72

WT8/1
WT8/2
WT8/3
WT8/4

5
10
17
26

28.3
28.3
28.3
28.3

7.4
7.6
8
8

1.25
1.1
0.64
0.9

7.5YR2.5/2
7.5YR3/2
7.5YR4/2
7.5YR5/3

WT9/1
WT9/2

7
20

28.1
28.1

8.1
8

0.25
0.3

7.5YR4/3
7.5YR5/6

WT10/1
WT10/2
WT10/3
WT10/4

5
18
35
35

28.1
28.1
28.1
28.1

8
7.9
7.8
8.2

0.08
0.05
0.06
0.09

2.5YR3/6
2.5YR4/6
2.5YR4/8
2.5YR4/4

WT13/1
WT13/2

5
15

28
28

8
8

0.11
0.09

2.5YR2.5/3
2.5YR3/4

WT15/1
WT15/2

5
25

28
28

8
8.1

0.11
0.08

10YR3/2
10YR4/4

WT16/1
WT16/2
WT16/3
WT16/4

2
10
20
32

28
28
28
28

7.5
7.9
8
8.2

1.11
0.35
0.43
0.32

WT18/1

5

28

8.2

WT18/2

17

28

8.3

Couleur

10YR8/4
10YR7/3
10YR8/1

2.5YR2.5/2
2.5YR5/1
2.5YR2.5/1
2.5YR3/4
2.5YR5/1

MT4/1
MT4/2
MT4/3

10
20
40

23.1
23.1
23.1

8.3
8.2
8.6

0.06
0.07
0.11

MT5/1
MT5/2
MT5/3
MT5/4

10
30
60
90

23.1
23.1
23.0
23.0

8.6
8.6
8.9
9.3

0.11
0.11
0.15
0.20

MT6/1
MT6/2
MT6/3
MT6/4

4
11
21
30

26.5
26.5
26.5
26.5

8
8.1
8
8.1

2.96
1.88
1.65
1.42

2.5YR3/2
2.5YR4/2
5YR4/6
5YR4/6

MT7/1
MT7/2
MT7/3
MT7/4

5
15
30
42

26.4
26.4
26.4
26.4

7.9
7.9
8
8.3

0.93
1.37
1.68
1.94

5YR4/3
5YR3/3
5YR3/2
7.5YR5/4

5YR2.5/1
5YR4/1
5YR5/1
5YR6/1

MT8/1
MT8/2
MT8/3

5
10
30

26.1
26.1
26.1

8.4
7.8
8.7

0.39
1.79
0.62

2.5YR2.5/2
2.5YR3/4
2.5YR5/6

0.9

2.5YR2.5/3

MT9/1

5

26

8.4

0.1

10YR3/6

0.99

2.5YR2.5/3

MT9/2
MT9/3

20
35

26
26

8
8

0.61
0.87

2.5YR3/6
2.5YR3/3

MT9.1/1
MT9.1/2
MT9.1/3

10
25
35

25.9
25.9
25.9

8.3
8.3
8.2

0.17
0.14
0.43

2.5YR2.5/4
2.5YR3/6
2.5YR3/7

MT10/1
MT10/2
MT10/3
MT10/4

5
15
25
35

26.3
26.3
26.3
26.3

8.5
8.6
8.5
8.4

0.06
0.04
0.03
0.06

2.5YR2.5/2
2.5YR2.5/4
2.5YR2.5/4
2.5YR2.5/4

MT11/1
MT11/2
MT11/3

5
20
38

26.1
26.1
26.1

8.3
8.4
8.6

0.04
0.02
0.07

2.5YR3/4
2.5YR3/4
2.5YR4/4

MT12/1
MT12/2
MT12/3
MT12/4
MT12/5

5
13
28
40
50

26
26
26
26
26

7.7
7.9
8.3
8.2
8.2

0.72
0.68
0.75
0.64
0.66

5YR3/2
5YR4/6
5YR5/6
5YR5/8
7.5YR6/6

MT13/1
MT13/2
MT13/3
MT13/4

3
10
18
35

25.9
25.9
25.9
25.9

8.1
8.2
8.2
8.3

0.08
0.15
0.2
0.2

5YR3/2
5YR5/6
5YR3/3
5YR4/4

MT14/1
MT14/2
MT14/3

5
20
33

25.9
25.9
25.9

8.1
8.1
8.2

0.34
0.23
0.19

10YR4/3
10YR5/6
10YR5/3

MT15/1
MT15/2
MT15/3

3
12
25

25.9
25.9
25.9

8.1
8
8.1

0.14
0.26
0.24

10YR5/6
10YR6/6
10YR6.5/6
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Eastern Trail

Samples

depth (cm)

Temp (cent.)

pH

mS

Couleur

Samples

depth (cm)

Temp (cent.)

pH

mS

Couleur

TT2/1
TT2/2
TT2/3

3
13
23

29.6
29.6
29.3

8
8.2
8.5

0.15
0.21
0.22

2.5YR2.5/1
2.5YR2.5/2
2.5YR2.5/3

ET3/1
ET3/2
ET3/3
ET3/4

5
15
25
40

26.8
26.8
26.8
26.8

7.3
7.4
8.1
7.9

0.45
1.43
1.32
1.13

7.5YR3/4
7.5YR4/6
7.5YR4/6
7.5YR5/6

TT3/1
TT3/2

5
15

29.4
29.4

8.1
8.1

0.07
0.11

2.5YR3/4
2.5YR2.5/3

ET5/1
ET5/2

5
20

26.8
26.8

7.5
7.5

0.13
0.58

10YR4/4
10YR5/4

TT4/1
TT4/2

5
20

29.4
29.4

7.8
7.6

0.3
0.81

10YR2/1
10YR3/2

TT5/1
TT5/2

5
20

29.2
29.2

7.8
7.7

0.05
0.09

10YR4/4
10YR5/6

ET6/1
ET6/2
ET6/3

8
15
35

26.8
26.8
26.8

7.2
7.2
7.4

0.81
1.08
0.93

2.5Y2.5/1
2.5Y3/1
2.5Y4/3

ET7/1

5

26.7

7.7

0.15

7.5YR2.5/2

TT6/1
TT6/2

5
30

29.3
29.2

7.8
7.9

0.06
0.09

2.5YR3/2
2.5YR4/2

TT7/1
TT7/2
TT7/3

5
20
30

29.3
29.3
29.3

7.7
7.7
8

0.07
0.1
0.19

5YR4/4
5YR4/6
5YR4/6

ET8/1
ET8/2
ET8/3
ET8/4
ET8/5

5
15
25
40
60

26.8
26.8
26.8
26.8
26.7

6.7
6.8
7.4
7.6
7.7

1.69
3.48
1.1
1.32
1.66

2.5Y2.5/1
2.5Y3/1
2.5Y4/1
2.5Y6/2
2.5Y5/4

TT8/1
TT8/2
TT8/3
TT8/4

5
15
40
65

29.2
29.2
29.1
29

8.1
8.5
8.8
8.7

0.33
0.11
0.2
0.25

2.5Y3/1
2.5Y4/1
2.5Y5/4
2.5Y5/2

ET10/1
ET10/2

5
18

26.7
26.7

7.5
7.6

0.08
0.04

7.5YR4/4
7.5YR4/6

TT9/1
TT9/2

5
15

29
29

8.1
8

0.13
0.15

2.5Y3/1
2.5Y4/3

ET12/1
ET12/2
ET12/3
ET12/4
ET12/5

3
12
23
40
60

26.8
26.8
26.8
26.8
26.8

7.7
7.6
7.7
7.7
7.4

0.08
0.04
0.03
0.08
0.38

10YR3/4
10YR5/6
10YR5/8
10YR6/8
10YR6/8

TT10/1
TT10/2
TT10/3

5
15
30

29.2
29.2
29

7.9
7.8
7.7

0.07
0.06
0.07

5YR3/2
5YR3/4
EYR3.5/4

ET16/1
ET16/2
ET16/3

5
20
40

26.9
26.8
26.8

7.8
7.8
7.9

0.15
0.07
0.04

2.5YR3/4
2.5YR4/6
2.5YR4/8

TT11/1
TT11/2
TT11/3
TT11/4

5
12
30
45

29.2
29.2
29.2
29

7.7
7.7
7.8
7.8

0.06
0.04
0.04
0.04

10YR3/2
10YR3/3
10YR3/6
10YR4/6

MT16/1
MT16/2
MT16/3
MT16/4

7
18
25
35

25.9
25.9
25.9
25.9

7.7
7.9
8.1
8.2

0.97
0.62
0.62
0.43

10YR2/2
10YR3/1
10YR3/3
10YR4/2

Samples

depth (cm)

Temp (cent.)

pH

mS

Couleur

MT17/1
MT17/2
MT17/3
MT17/4

5
12
25
35

25.5
25.5
25.5
25.5

7.7
7.7
7.7
7.9

0.29
0.23
0.26
0.2

10YR3/2
10YR4/2
10YR5/4
10YR6/4

SL2/1
SL2/2
SL2/3
SL2/4

5
20
37
45

29.4
29.4
29.4
29.4

8.1
8.2
8.3
8.2

3.87
3.61
2.56
2.85

10YR3/1
10YR4/1
10YR5/1
10YR8/2

SL4/1
SL4/2
SL4/3

1
7
30

29.4
29.4
29.4

7.8
7.8
8.2

2.94
4.16
3.03

10YR2.5/1
10YR3/2
10YR5/6

MT17.1/1
MT17.1/2

5
12

25.5
25.5

7.8
7.7

0.28
0.23

10YR2/2
10YR3/3

MT18/1
MT18/2
MT18/3
MT18/4
MT18/5

3
12
20
30
50

25.5
25.5
25.5
25.5
25.5

7.5
7.6
7.6
7.9
8.3

0.64
0.44
0.55
0.55
0.57

10YR3/2
10YR4/3
10YR4/4
10YR6/8
MIX

SL6/1
SL6/2
SL6/3
SL6/4

2
7
18
25

29.5
29.5
29.5
29.5

7.3
7.4
7.6
7.9

0.19
0.64
1.2
1.29

10YR2/2
10YR4/2
10YR5/3
10YR5/2

MT19/1
MT19/2
MT19/3

4
15
35

25.4
25.4
25.4

8.2
8.1
8.1

0.09
0.12
0.29

7.5YR2.5/3
7.5YR5/8
7.5YR4/4

SL8/1
SL8/2
SL8/3
SL8/4

3
15
20
27

29.5
29.5
29.5
29.5

7.4
7.6
7.9
8

0.18
0.18
0.18
0.25

10YR2/2
10YR3/2
10YR4/2
10YR2.5/3

MT20/1
MT20/2
MT20/3
MT20/4

5
15
32
38

25.5
25.5
25.5
25.5

8.2
8
7.9
7.6

0.17
0.11
0.07
0.22

2.5YR3/4
2.5YR3/6
2.5YR4/6
2.5YR4/6

SL10/1
SL10/2
SL10/3
SL10/4

5
15
25
43

29.7
29.7
29.7
29.7

8.2
8.3
8.3
8.4

0.4
0.11
0.1
0.11

2.5YR2.5/2
2.5YR2.5/2
2.5YR2.5/2
2.5YR2.5/3

MT21/1
MT21/2
MT21/3
MT21/4
MT21/5

5
10
25
35
45

25.1
25.1
25.1
25.1
25.1

7.7
7.8
7.8
8
8.3

0.05
0.04
0.06
0.06
0.09

7.5YR2.5/2
7.5YR3/3
7.5YR4/2
7.5YR4/2
7.5YR5/3

MT22/1
MT22/2
MT22/3
MT22/4

5
15
25
35

25.1
25.1
25.1
25.1

8
8
8.3
8.4

0.09
0.05
0.09
0.09

5YR3/4
5YR4/4
5YR4/4
5YR5/8

suite Main Trail

Shipstern Landing
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