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Abstract: The use of stable isotopes of water, both 8H and §'30 has provided novel insights in hydrological
studies, ecological applications, understanding climate variability, and reconstructing paleoclimate. However,
information on the stable isotope composition of water in tropical marine island environments is normally scarce
within the Central America Isthmus. Here, we present the first isotopic characterization of precipitation, surface
water, and groundwater at Cocos Island, Costa Rica within the eastern tropical Pacific Ocean region. Our results
show that the Cocos Island MWL can be described as: §?H=8.39-8'%0+13.3; r>=0.98 (n=29). Dry season rainfall
events ranged from -4.9 %o 8'%0 up to -2.4 %o 8'%0 with a mean d-excess of 13.2 %o. By the beginning of May,
the Intertropical Convergence Zone reaches Costa Rica resulting in a notable depletion in isotope ratios (up to
-10.4 %o 8'%0 and -76.2 %o 8*H). During the wet season, 8'%0 composition averaged -6.1 %o 8'30 and -38.5 %o
&?H with a mean d-excess of 9.9 %o.. HY SPLIT air mass back trajectories indicate a strong influence on the origin
of precipitation of two main moisture transport mechanisms, the northeasterly (January-May) and southwesterly
(May-November) trade winds. Small seasonal variations were observed in the isotopic composition of surface
water throughout the year with mean values ranging from -3.9 %o 8'30 (dry season, n=19) up to -4.8 %o 8'0
(wet season, n=13). Groundwater samples exhibited a similar trend with more depleted composition during the
wet season (-5.2 %o 8'%0 and -29.8 %o 8>H). Overall, the marine isotopic composition measured in meteoric
water at Cocos Island serves to better delineate the isotopic contribution of Pacific moisture towards the Central
America Isthmus. It also provides a valuable isotopic reference to discriminate from orographic distillation and
Caribbean enriched rainfall inputs in continental studies. Rev. Biol. Trop. 64 (Suppl. 1): S105-S120. Epub 2016
February 01.
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Cocos Island is located at 5°32° N - 87°04°

Tracking the water fingerprints of Cocos Island: a stable isotope analysis

2

W in the eastern tropical Pacific Ocean,
approximately 530km S-SW of Costa Rica
and 680km N-NE of the Galdpagos Islands
(Guzman, & Cortés, 2006) (Fig. 1). The island
represents the summit of a seamount on the
aseismic Cocos Ridge, a proposed trace of
the Galapagos hot spot (Castillo et al., 1988;
Rojas, & Alvarado, 2012). Cocos Island was
recognized in 1997 with the declaration as
World Heritage Site by the UNESCO and
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Wetland of International Importance by the
Ramsar Convention in 1998 (Cortés, 2008) due
to its pristine insular ecosystems represented
by a great diversity of marine species (e.g.
algae, octocorals, echinoderms) (Alvarado, &
Chiriboga, 2008; Breedy, & Cortés; 2008;
Fernandez, 2008), sea birds (Montoya, 2008),
and the particular confluence of oceanic cur-
rents (i.e. North Equatorial Countercurrent) and
atmospheric low-level jets (Amador, Alfaro,
Lizano, & Magafia, 2006; Acuia-Gonzalez,
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Fig. 1. Location of Cocos Island within the eastern tropical Pacific Ocean. The island is located 530km south-southwest of
Costa Rica and 680km north-northeast of the Galapagos Islands.

Garcia-Céspedes, Gomez-Ramirez, Vargas, &
Cortés, 2008; Alfaro, 2008), which results in
the presence of warm surface waters from the
western Pacific Ocean. The seasonal weather
patterns at Cocos Island are mainly controlled
by the meridian migration of the Intertropical
Convergence Zone (ITCZ), while the interan-
nual variations are driven by El Nifio Southern
Oscillation (ENSO), leading to three winds
periods (December-April, May-August, and
July-November) and a maximum rainfall
regime varying from 4000mm up to 6000mm
between May and October (Alfaro, 2008).

The use of stable isotopes of water, both
8’H and 8'%0, has provided novel insights in
hydrological studies, ecological applications,
understanding climate variability, and recon-
structing paleoclimate (Johnson, & Ingram,
2004; Lachniet, 2009a; Sturm, Zhang, &
Noone, 2010; Moerman et al., 2013). The
development of affordable instrumentation
based on laser spectroscopy has enhanced our
ability to achieve greater temporal and spatial
resolution of isotopic data (Berden, Pecters, &
Meijer, 2000; Wen et al., 2008; Gupta, Noone,
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Galewsky, Sweeney, & Vaughn, 2009; Munks-
gaard, Wurster, Bass, & Bird, 2012) and is
greatly helping in development of new research
avenues to study the atmospheric water cycle
(e.g. '7O-excess; Bernan, Levin, Landais, Li,
& Owano, 2013). In particular, collection and
analyses techniques of these naturally occur-
ring tracers have shown to be useful in eluci-
dating atmospheric moisture sources and their
implications for the hydrological cycle (Ara-
guas-Araguas, Froehlich, & Rozanski, 2000;
Bowen, & Revenaugh, 2003; Aggarwal et al.,
2012; Risi, Noone, Frankenberg, & Worden,
2013; Soderberg et al., 2013).

The global relationship between 6*H and
8180 in natural meteoric waters recognized by
Craig (1961) and later defined as the Global
Meteoric Water Line (GMWL: 8H=8-5'30+10)
serves as a foundational reference to determine
regional and local deviations (i.e. local mete-
oric water line, LMWL) from equilibrium
processes. Factors, such as the trajectory of
air masses, parental water vapor, latitude, alti-
tude, precipitation amount, and distance from
oceans, may also affect the spatial and temporal
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variations of 8?H and 8'80 ratios in precipita-
tion (Rozanski, Sonntag, & Miinnich, 1982).
Water losses due to evaporation, the incorpo-
ration of recycled atmospheric moisture, and
mixing between isotopically-distinct reservoirs
leave a unique water fingerprint that can be
used to understand rainfall-runoff processes
(Birkel, Soulsby, Tezlaff, Dunn, & Spezia,
2012), complex water flow paths (McGlynn,
McDonnel, & Brammer, 2002), groundwater to
surface water connectivity (Tetzlaff, & Souls-
by, 2008; Speed, Tezlaff, Soulsby, Hrachowitz,
& Waldron, 2010; Wassenaar, Athanasopoulos,
& Hendry, 2011), baseflow recession analy-
sis (Sanchez-Murillo, Brooks, Elliot, & Boll,
2015), and isotope-based paleoclimate-recon-
structions (Moerman et al., 2013).

Light stable isotope compositions of tropi-
cal meteoric waters have proven to be an
important indicator of modern climate variabil-
ity (Araguas-Araguas, Froehlich, & Rozanski,
1998; Vuille, Bradley, & Keimig, 2000; Vuille
et al., 2003; Cobb, Adkins, Partin, & Clark,
2007; Lachniet, 2009b; Lachniet, & Paterson,
2009, Ishizaki et al., 2012; Moerman et al.,
2013). In particular, 8'0 values have provided
novel insights into El Nifio/Southern Oscilla-
tion dynamics (Vuille, & Werner, 2005; Ichi-
nayagi, & Yamanaka, 2005; Lachniet, Paterson,
Burns, Asmerom, & Polyak, 2007; Panarello, &
Dapeia, 2009). Despite these advances, stable
isotope research in Costa Rica has been limited,
especially in maritime environments. To our
knowledge, this study represents the first water
isotope characterization of a marine island
within the eastern Pacific Ocean boundary of
Costa Rica. The main objectives of this study
are to a) provide a description of §'%0, &°H,
and deuterium excess (i.e. d-excess) values in
precipitation, surface water, and groundwaters
of Cocos Island that may contribute to water
resources and preservation management plans
of the island, and b) contribute to the under-
standing of water vapor transport mechanisms
and isotopic gradients from the ETP towards
the Central America Isthmus.

MATERIALS AND METHODS

Precipitation samples: Weekly samples
at Wafer Bay (n=29) (Fig. 2) were collected
between March and October 2014 using a
passive rainfall collector which consists of a
plastic funnel (diameter=10 cm) connected
to a 4 L opaque high density polyethylene
(HDPE) container. Samples were stored at
Cocos Island Marine Conservation Area facili-
ties and shipped every two months to the port
of Puntarenas, Costa Rica on the Wind Dancer
vessel (Okeanos, Costa Rica). A 2 cm layer
of mineral oil was added prior collection to
prevent fractionation according with standard
sampling protocols (IAEA, 2014). The min-
eral oil was later separated using a 250-500
mL separatory funnel. Prepared samples were
stored upside down at 5°C in HDPE bottles
with conic and polyseal inserts and parafilm
seals until analysis.

Surface and groundwaters samples: Two
field campaigns were conducted (March 17-22
and September 16-20, 2014) to collect surface
water (n=32) and groundwater (n=2) samples
across the island depending on the accessibil-
ity of the sites and availability of park rangers
to accompany the field expeditions; therefore,
freshwater sample collection was limited to
the north-eastern portion of the island (Fig.
2) within two main watersheds: Genio and
Chatham. The groundwater samples were col-
lected at the only existing well on the island
(Fig. 2). During the second field campaign, in
situ values of pH, water temperature (°C), and
electrical conductivity (uS/cm) were measured
with a handheld multiparameter probe model
HI 9813-6 (Hanna Instruments, USA).

Fractionation experiment: A duplicate
pan evaporation experiment was conducted at
Cocos Island on September 18, 2014 with the
aim of analyze the isotopic fractionation under
marine conditions. Two stainless steel cylindri-
cal pans (diameter=15.3 cm) were filled with
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Fig. 2. Sampling sites location at the Cocos Island. The black circle denotes the position of the rainfall collector at Wafer
Bay. Gray triangles represent the sampling points during the first field expedition (March 17-22, 2014) and the gray crosses
correspond to the second field expedition (September 16-20, 2014). The inset shows in detail the two main watersheds

sampled: Genio and Chatham.

370.7mL of local groundwater (8'%0=-5.1 %o,
8’H=-29.5 %o). The pans were exposed to
solar radiation for eight hours (from 8:00 until
17:00). A 2 mL sample was taken from each
pan every 20 min during the first hour, every
30min during the subsequent four hours, and
every 60min during the last three hours. The
samples were sealed with parafilm and stored
at 5°C until analysis. The mean evaporation
rate was 5.56 g/hr (i.e. 0.281 mol/hr). The
residual volume of water during evaporation
was calculated using the decrease in height of
the water column and the cylinder area. Dur-
ing the experiment, air temperature and rela-
tive humidity were measured using a LW301
weather sensor kit (Oregon Scientific, USA).
Observed isotope data was simulated with a
four parameter sigmoid function as follows:

a
y=y0+—_x) Eq. (1)

X o

1+e_( b

where y is the observed §'%0 and d-excess
values in the experiment, y, is the sigmoid

function intercept, and a and b are fitting
parameters. The sigmoid function was select-
ed to simulate the isotopic fractionation of
water during evaporation (Cappa, Hendricks,
DePaolo, & Cohen, 2003).

Stable isotope analyses: Stable isotope
analyses were conducted at the Chemistry
School of the National University (Heredia,
Costa Rica) using a Cavity Ring Down Spec-
troscopy (CRDS) water isotope analyzer
L.2120-i (Picarro, USA). Ratios of 8'%0/8'°0
and 8”H/8'H are expressed in delta units (%o,
parts per mil) relative to Vienna Standard
Mean Ocean Water (V-SMOW). The analytical
analyzer precision was 0.07 %o 8'%0/8'°0 and
0.25 %o °H/8'H.

Meteorological data and HYSPLIT air
mass back trajectories: Daily meteorological
data (i.e. precipitation, air temperature, relative
humidity, and wind speed) were provided by
the Cocos Island Marine Conservation Area
and the National Meteorological Institute. The
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monitoring station is located at Chatham Bay.
Only daily records from March 17 through Sep-
tember 12, 2014 were available. The influence
of atmospheric trajectory on meteoric isotopic
composition was studied using the HYSPLIT
model (Draxler, & Rolph, 2014) (http://ready.
arl.noaa.gov/HYSPLIT.php) developed by the
National Oceanic and Atmospheric Adminis-
tration (NOAA). The HYSPLIT model uses a
three-dimensional Lagrangian air mass veloc-
ity algorithm to determine the position of the
air mass and reports these values at an hourly
time-resolution over the trajectory (Soderberg
et al., 2013). Air parcel trajectories were mod-
eled backwards in time (i.e. according to the
weekly isotopic sampling intervals). To com-
pute a trajectory, the HY SPLIT model requires
a starting time, location, and altitude as well as
NOAA meteorological data files (e.g. GDAS,
global data assimilation system, 2006-pres-
ent). Although it has been recognized (Alfaro,
2008) that a particular rainless period is absent

at Cocos Island throughout the year, the tra-
jectories were divided into two main groups
to facilitate the analysis: dry season (January-
April) and wet season (May-November).

RESULTS

5’H and 6'%0 in precipitation: The linear
relationship of 8?H and 880 ratios of precipita-
tion samples collected at Cocos Island (n=29)
is presented in Figure 3 and compared to the
GMWL and Costa Rica MWL (Sanchez et al.,
2013). The 8H and 8'%0 ratios of precipita-
tion at Cocos Island ranged from -79.2 %o to
-5.9 %o and -10.4 %o to -2.0 %o, respectively.
A least squares regression of the precipitation
isotope data resulted in a highly significant
LMWL: 8°H=8.39-8'80+13.3; r>=0.98 (n=29).
During the sampling period, weather condi-
tions at Cocos Island exhibited a cumulative
precipitation of 5640mm, 80 % of total rainfall
was received between May and September,

—— GMWL: §°H=85"°0+10 4
0 1 ——— Costa Rica MWL: §°H=7.615'°0+7.4; ’=0.98 A
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Fig. 3. Cocos Island meteoric water lines. The MWL at Cocos Island can be defined as: §?H=8.28-8'%0+11.7. The GMWL
and Costa Rica continental MWL (Sanchez-Murillo et al., 2013) are shown as reference. Open squares denote rainfall
samples. The gray rhomboids and black circles represent the freshwater samples collected during the dry and wet season,
respectively. Black crosses correspond to evaporated water from the pan experiment. The white stars represent the two
groundwater samples. The inset shows the distribution of 8'%0 composition in precipitation during 2014.
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2014 (Fig. 4A). Mean surface air temperature,
relative humidity, and wind speed were 26.2°C,
83.2 %, and 7.9 km/h, respectively (Fig. 4A

and 4B).

Isotope ratios in dry season rainfall (Janu-
ary-April) are mostly related to enriched events
(Fig. 4C, Table 1) with a mean 8'80 of -3.3 %o.
By mid-May, when the ITCZ reaches Costa
Rica, a notable depletion (up to -10.4 %o 8'%0)
was observed (Fig. 4C). Northward shifting
of the ITCZ and the prevalence of sea surface
temperature anomalies up to 1.0°C within the

ENSO regions 3.4 and 3 during 2014 (NOAA,

Climate Prediction Center, 2014) resulted in a
greater isotopic variability throughout the wet
season. Deuterium excess values ranged from
+7.2 %o up to +12.8 %o with a mean of 9.95
%o (Fig. 4D). A Spearman rank order correla-
tion analysis revealed no significant correla-
tions between 8'%0 and rainfall amount (-0.26,
p=0.293), relative humidity (-0.014, p=0.954),
and surface air temperature (0.13, p=0.609).

Physical-chemical parameters, 5*H, and
8180 in surface water and groundwater:
Figure 5 shows the spatial distribution of pH,

—_ 0 m T m T —
Q |||I T ||‘|I T ||‘H IlUH]HH [‘| T A o
(=]
IS F32 >
S )
'E' 50 5
kel 28 ©
© 0]
3 1 o
a 100 H ‘ [ %
3 [ Rainfall ’ L
— B—1
O 450 Temperattljre : . . 0 <
— 100 20
= B| &
2 9 - -16 €
kel =1
12
g 80 - B
< [0}
(0] F8 Q
)
= 704 _ B L
°© —— Relative humidity- 4 £
Q -
X &0 . . : IWlnd spleed 0 ;
0
% s Wafer Bay .- =
- A o . . .
2 | 0 . &
= " " mm -'.'- . L
5 a5 Mean §'°0 A LR
. o
go -9 1 Beginning of the _ .
o wet season L]
‘12 T T T T
18
Wafer Bay o D
5 15 1 B
S, g
@ 124 a-, 0e % po o2
8 g o 843" e PT o g0
< 94 Mean d-excess ER = £ = R o -
¢ od e .
T 6 A Beginning of the ;
wet season
3 T T T T T T
Jan/14 Mar/14 May/14 Jul/14 Sep/14 Nov/14

Fig. 4. Time series of observed meteorological variables and isotope composition at Cocos Island during 2014. (A)
Precipitation (mm/d) and surface air temperature (°C); (B) relative humidity (%) and maximum wind speed (km/hr), (C)
3'80 (%o) in precipitation; (D) d-excess (%o). Black arrows denote the transition from the dry season (Dec-April) to the wet
season (May-Nov.).
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TABLE 1
Summary of meteoric water isotope composition and meteorological data at Cocos Island
from March 17 through October 30, 2014

Initial Date  Final Date  8'%0 (%0) SD (%0) &°H (%0) SD (%0)  d-excess (%o) P (mm) T (°C) RH (%)

Dry season
3/17/14 3/24/14 -2.98 0.10 -8.44 0.11 15.4 128 26.8 79.8
3/24/14 3/31/14 -2.44 0.06 -7.16 0.24 12.3 102 27.4 78.6
3/31/14 4/7114 2.58 0.07 -5.04 0.19 15.6 20 275 79.4
4/7/14 4/14/14 2.59 0.11 -8.49 0.14 123 25 275 80.9
4/14/14 4/21/14 -4.91 0.11 -26.05 0.43 13.2 134 26.8 82.7
4/21/14 4/28/14 -4.18 0.09 -23.09 021 10.3 50 27.2 80.0
Mean -3.28 0.09 -13.05 0.22 13.2 77 27.2 80.2
Maximum -2.44 0.11 -5.04 0.43 15.6 134 275 82.7
Minimum -4.91 0.06 -26.05 0.11 10.3 20 26.8 78.6
Wet season

4/28/14 5/5/14 -8.46 0.04 -60.54 0.22 72 26 26.8 83.3
5/5/14 5/12/14 -10.44 0.14 -76.22 0.34 73 310 26.2 84.5
5/12/14 5/19/14 -8.19 0.07 -56.33 0.16 9.2 208 25.8 85.9
5/22/14 5/29/14 -5.22 0.07 -32.64 0.33 9.1 219 26.7 82.6
5/30/14 6/8/14 -8.84 0.10 -60.59 0.18 10.2 167 26.1 86.2
6/8/14 6/15/14 -5.63 0.07 -35.74 0.48 9.3 81 26.3 86.9
6/15/14 6/22/14 -5.73 0.11 -34.67 0.15 112 124 26.3 87.1
6/22/14 6/29/14 -8.66 0.08 -58.61 0.25 10.7 220 25.6 85.9
6/29/14 7/6/14 -5.58 0.07 -36.94 0.39 7.7 75 26.5 83.9
7/6/14 7/13/14 437 0.05 2473 0.14 103 143 26.6 85.4
7/13/14 7/20/14 -5.63 0.05 -32.26 031 12.8 123 25.9 84.1
7/20/14 7/28/14 -6.07 0.02 -39.59 0.16 9.0 101 26.0 85.0
7/28/14 8/4/14 -7.18 0.06 -46.22 0.15 112 66 25.6 85.1
8/4/14 8/11/14 -6.54 0.06 -40.80 0.34 11.5 203 25.4 84.9
8/11/14 8/25/14 -6.61 0.07 -42.72 0.28 10.2 592 25.6 85.1
8/25/14 9/1/14 -5.63 0.05 -35.69 0.29 93 243 25.1 86.8
9/1/14 9/8/14 -3.24 0.05 -15.09 0.27 10.8 148 252 86.8
9/8/14 9/15/14 -7.46 0.07 -48.37 0.18 113 305 24.6 89.8
9/15/14 9/22/14 -4.54 0.06 2422 0.20 12.1 147 252 95.6
9/22/14 10/6/14 -2.01 0.08 -5.91 0.18 10.2 335 253 95.9
10/6/14 10/13/14 -4.83 0.10 -30.56 0.11 8.1 167 253 95.4
10/13/14 10/20/14 3.57 0.11 -18.80 0.23 9.8 55 25.9 94.4
10/20/14 10/30/14 -4.97 0.10 -29.42 0.39 10.4 98 25.1 95.1
10/31/14 11/14/14 311 0.04 -16.75 0.22 8.09 489 25.2 96.7
11/15/14 11/22/14 -4.27 0.07 -26.80 0.28 7.34 88 25.5 96.9
11/23/14 11/29/14 -3.04 0.07 -14.77 0.14 9.53 69 25.9 95.0
11/30/14 12/6/14 274 0.06 -13.20 0.24 8.74

12/7/14 12/13/14 -4.90 0.05 -30.51 0.27 8.71

12/14/14 12/21/14 -3.25 0.08 -17.69 0.09 8.30

12/22/14 12/29/14 -4.08 0.07 -23.27 0.22 9.39

Mean -5.49 0.07 -34.32 0.24 9.63 185 25.8 88.6
Maximum -2.01 0.14 -5.04 0.48 15.62 592 26.8 96.9
Minimum -10.44 0.02 -76.22 0.09 7.17 26 24.6 82.6
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Fig. 5. Spatial distribution of pH, electrical conductivity (uS/cm), and water temperature (°C) in surface water and

groundwater at Cocos Island during September, 2014.

electrical conductivity, and water temperature
in surface water and ground water within the
Genio and Chatham rivers during the wet
season. In general, surface water within the
Chatham watershed due to its proximity to the
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coast exhibited greater conductivity values (up
to 60 uS/cm); however, no salinity intrusion
was observed within the freshwater systems.
Water temperature and pH values ranged from
19.7-24.4°C and 5.2-7.5, respectively.
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The relationship of 8?H and 8'%0 ratios
in freshwater at Cocos Island and spatial vari-
ability are presented in Figures 3 and 6. Dur-
ing the dry season, lower relative humidity
and greater air surface temperature facilitate
surface water evaporation resulting in enriched

isotope ratios ranging from -3.3 %o 8'30 up to
-4.4 %o 8'30 (Table 2) with a linear regression
of 8*H=6.55-0'30+5.59; 1*=0.79 (n=19). Dur-
ing the wet season, isotope values ranged from
-6.0 %o 830 up to -4.3 %o 8'30 (Table 3) with
a linear regression of §?H=7.35-8'80+7.70;

TABLE 2
Summary of freshwater sampling locations and isotope composition during
the first field expedition between March 17-22, 2014

Sé‘:g;e (Eztcl.t;:ge) %g:fgg‘gi; Elevation (m) 80 (%) SD (%)  H (%)  SD (%) d-excess (%)
GW-IS-01 55480  -87.0432 12 474 005 2727 034 10.7
SF-IS-001 55424 870554 11 372 011 1890 027 109
SF-IS-002 55404 -87.0502 48 429 011 2496 020 9.4
SF-IS-003 55396 -87.0542 57 366 012 41910 029 102
SF-IS-004 55386 -87.0536 69 381 011 1929 029 11.2
SF-IS-005 55357 -87.0539 132 330 012 1745 032 9.0
SF-IS-006 55354 -87.0547 160 343 010  -1808 035 9.4
SF-IS-007 55347 -87.0548 150 370 006 -I811 025 1.5
SF-IS-008 55344 87.0549 148 376 007 <1975 0.10 104
SF-1S-009 55330 -87.0548 165 3.67 012 1744 023 12,0
SF-IS-010 55325 87.0559 188 364 004 1734 018 118
SFIS-011 55437 87.0552 31 428 011 2189 008 123
SF-I1S-012 55479 -87.0435 26 428 006 2196 020 123
SF-I1S-013 55480  -87.0431 14 426 007 2188 017 122
SF-IS-014 55479 -87.0412 29 439 007 2424 026 109
SF-IS-015 55479 -87.0412 29 443 006 2445 025 11.0
SF-IS-016 55422 -87.0564 2 420 014 2106 0.2 125
SF-IS-017 55451 -87.0451 118 3.98 009 1866 016 132
SF-IS-018 55463 -87.0449 99 3.8 007  -1760 018 134
SF-IS-019 55416 -87.0600 15 379 008 -1942 017 109

TABLE 3

Summary of freshwater sampling locations, physical-chemical parameters, and isotope composition during
the second field expedition between September 16-20, 2014

Sample Latitude Longitude  Elevation

Code (dec.deg) (dec.deg) (m) )
GW-IS-02 5.5480 -87.0432 2 21.4
SF-1S-019 5.5322 -87.0559 190 24.4
SF-1S-020 5.5332 -87.0537 210 24.4
SF-1S-021 5.5339 -87.0549 210 20.6
SF-1S-022 5.5343 -87.0546 147 21.0
SF-1S-023 5.5348 -87.0546 141 21.6
SF-1S-024 5.5353 -87.0542 133 23.0
SF-1S-025 5.5386 -87.0535 71 22.0
SF-1S-026 5.5396 -87.0542 58 21.3
SF-1S-027 5.5425 -87.0557 20 22.0
SF-1S-031 5.5450 -87.0451 108 19.7
SF-1S-032 - - - -
SF-1S-033 5.5478 -87.0431 12 21.9
SF-1S-034 5.5479 -87.0434 15 21.3

EC 8180 SD H SD  d-excess
WSlem) (%) (%) (k) k) (%)
5.6 60 -5.16  0.08 -29.76  0.33 11.49
7.1 20 -4.64 0.06 -25.64 0.22 11.50
7.1 20 -4.72  0.08 -25.88  0.15 11.89
7.1 20 -4.64  0.09 -26.25  0.10 10.87
6.2 20 -475 0.06 -27.59 0.15 10.40
7.4 40 -4.32  0.08 2426 0.19 10.29
7.5 30 -4.63  0.05 -26.01  0.26 11.00
7.0 30 -4.60 0.11 -25.58  0.20 11.23
6.3 30 -4.49  0.03 -26.20  0.11 9.73
6.5 30 -4.59  0.07 -26.61  0.26 10.12
6.2 60 -5.67  0.05 -33.91  0.15 11.47

- - -6.02  0.08 -36.71  0.13 11.47
6.5 50 -4.81 0.07 -28.15  0.20 10.34
5.2 50 -4.85  0.07 -28.25  0.14 10.56

pH
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17=0.97 (n=13). Overall, the Genio River pre-
sented more depleted waters than the Chatham
River probably due to the presence of a large
fraction of forested area preventing the direct

influence of solar radiation (Fig. 6).

A small seasonal variation was observed
in groundwater composition, which fluctuated

from -4.74 %o 8'%0 (dry season) to -5.16

880 (wet season). Commonly, groundwater
isotopic composition tends to represent a com-
posite composition of the infiltrated mete-
oric waters, at Cocos Island the mean annual

that a) rain water experiences small evapora-
tion before percolation and b) the water table
is really shallow allowing evaporation. Pan
evaporation data (Fig. 7) show an enrichment
of approximately 2 %o in a fractionation period
of 8hr with a mean evaporation rate of 5.56g/
hr corresponding to 20 % of the initial water
volume (Fig. 7A). During the experiment, the
d-excess changed from +12.6 %o to +2.4 %o
(Fig. 7B). The evaporation 8*H-8'%0 relation-
ships resulted in slopes ranging from +3.79
to +4.14 and intercepts from -9.62 to -7.82

%00

880 was -5.49 %o, therefore, it is possible  (Fig. 7C).
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DISCUSSION

Moisture transport mechanisms: The
identification of the parental moisture source of
composite weekly precipitation was computed
using an analysis of air mass back trajectories.
Figure 8 shows the HYSPLIT trajectories for
the dry (January-April) and wet season (May-
November) at Cocos Island. The wind direc-
tion and velocity in the study region is greatly
influenced by the seasonal migration of the
ITCZ. Alfaro (2008) classified the diurnal wind
cycles at Cocos Island in three main periods:
December-April, when the synoptic southwest-
erly wind flux is weak and transport of north-
easterly air masses prevail; May-August and
September-November with a strong influence
of southwesterly moisture transport. These
winds trends are easily represented in Fig-
ure 8. Enriched isotope ratios are associated
with northeasterly moisture transport and small
precipitation events whereas more depleted

isotope ratios were observed under the occur-
rence of southwesterly winds.

The isotopic ratios observed at Cocos
Island also serve to better understand mois-
ture transport mechanisms within the Central
America continental region. Figure 9 shows a
comparison of three isotope data sets in Costa
Rica during 2014: Cocos Island (Pacific ori-
gin); Caribbean slope (Caribbean Sea origin)
(Sanchez et al., unpublished data), and the Cen-
tral Valley (Sanchez et al., unpublished data),
which receives moisture inputs from both
water pools through the Continental Divide.
The Caribbean slope exhibits more enriched
isotope ratios, with a strong right-skewed 880
distribution (skewness=-1.0) in comparison to
Cocos Island (skewness=-0.36) and Central
Valley (skewness=-0.41) (Fig. 9). In Central
America, wind direction during the dry season
is controlled by a regional moisture transport
mechanism, the Caribbean Low Level Jet,

1 00"9'0"W 90°0:0"W 80“0:0"W
. Caribbean
~ © Sea
10°0'0"NA Costa Rica “ /7// 1_1000.0..,\‘
o7
Cocos Island iy 4
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Fig. 8. Dry (black lines) and wet (gray lines) season air mass
samples at Cocos Island during 2014.
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back trajectories calculated using HYSPLIT for collected
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Fig. 9: Meteoric water lines and 8'*0 histograms during 2014 at Cocos Island, the Central Valley, and the Caribbean slope of
Costa Rica. The Central Valley of Costa Rica receives moisture inputs from both the Pacific Ocean and the Caribbean Sea.
The isotopic composition at Cocos Island serves to discriminate from orographic distillation across the Continental Divide
(depleted values) and the isotopically-enriched Caribbean moisture inputs as observed in the histograms.

CLLJ (Duran-Quesada, Gimeno, Amador, &
Nieto, 2010). This water vapor transport pat-
tern is associated with enriched rainfall events,
where the recycled evapotranspiration fluxes
mix with the air masses travelling along the
Caribbean lowlands (Fig. 9). During the wet
season, the precipitation regime is controlled
by the presence of the ITCZ across Central
America. When the ITCZ moves northward,
cross-equatorial winds from the southern hemi-
sphere recurve to become southwesterly and
transport Pacific parental moisture to Costa
Rica combined with a weakening of trade
winds (Lachniet et al., 2007). As a result, inten-
sification in the genesis and development of
deep convection systems on the Pacific coast of
Costa Rica occurs; generally this phenomenon
is associated with the presence of the ‘Chorro
del Occidente Colombiano’ or CHOCO jet
(Fig. 8) (Duran-Quesada et al., 2010). How-
ever, when comparing both Cocos Island and
the Central Valley isotopic ratios, there is a
range from -10 %o 8'80 to -16 %o 8'%0 that
cannot be explained solely by the Pacific origin

moisture (-10 %o 8'30 up to -2 %o 8'%0). This
-6 %o 8'%0 difference can be attributed to oro-
graphic distillation of air masses lifted across
the central region of the Continental Divide of
Costa Rica (3432masl). Sanchez-Murillo et al.
(2013) reported an altitude effect of -2 %o/km
in precipitation of Costa Rica; therefore a -6 %o
depletion in 8'%0 is plausible within a 3km air
mass lifting from the Pacific coast towards the
Central Valley of Costa Rica.

CONCLUSIONS

In this study we report the first analysis of
isotope composition in precipitation, surface
water, and groundwater at Cocos Island (East-
ern Tropical Pacific ocean), Costa Rica. Cocos
Island meteoric water line can be described as:
8’H=8.39-6'%0+13.3. In general, dry season
rainfall events were associated with enriched
isotope ratios with a northeasterly dominant
origin whereas wet season rainfall events
exhibited a notable depletion when the Inter-
tropical Convergence Zone reaches Costa Rica
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by the beginning of May. During the wet sea-
son, the dominant air mass trajectories exhib-
ited a southwesterly direction. Small seasonal
variations were observed in the isotopic com-
position of surface water throughout the year
with mean values ranging from -3.9 %o 8'30
(dry season) up to -4.8 %o 8'%0 (wet season).
Groundwater samples exhibited a similar trend
with more depleted composition during the
wet season (-5.2 %o 6'%0 and -29.8 %o 6°H).
Overall, the marine isotopic composition mea-
sured in meteoric water at Cocos Island serves
to better delineate the isotopic contribution of
Pacific moisture towards the Central America
Isthmus as well as provides a valuable isotopic
reference to discriminate from orographic dis-
tillation and Caribbean enriched rainfall inputs
in continental studies.
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RESUMEN

El uso de isétopos estables, 8*H y 8'%0, ha gene-
rado novedoso conocimiento en estudios hidrologicos,
aplicaciones ecologicas, variabilidad climatica y en la
reconstruccion de registros paleo-climaticos. Sin embargo,
informacién sobre la composicion isotopica en ambientes
marinos tropicales es generalmente muy escasa en la
region del istmo centroamericano. Este estudio presen-
ta la primera caracterizacion isotopica en precipitacion,

aguas superficiales y subterraneas en la Isla del Coco,
Costa Rica, en la region del Océano Pacifico Oriental.
La linea meteorica de la Isla del Coco es definida como:
8?H=8.39-8'80+13.3; 12=0.98 (n=29). Los eventos de pre-
cipitacion en la época seca oscilan desde -4.9 %o 8'30 hasta
-2.4 %o 8'80 con un promedio de exceso de deuterio de
13.2 %o. Al inicio de Mayo, la Zona de Convergencia Inter-
tropical se situa sobre Costa Rica resultando en un notable
empobrecimiento de la composicion isotopica (hasta -10.4
%0 8'%0 y -76.2 %o 8°H). Durante la época lluviosa, la com-
posicion de 8'%0 promedia -6.1 %o 8'%0 y -38.5 %0 8°H con
un exceso de deuterio promedio de 9.9 %o. Las trayectorias
de masas de aire del modelo HYSPLIT indican una fuerte
influencia en el origen de la precipitacion de dos principa-
les mecanismos de transporte de humedad: vientos alisios
(Enero-Mayo) y viento del suroeste (Mayo-Noviembre).
Minima variacion fue observada en la composicion iso-
topica de aguas superficiales durante el ano con valores
promedios desde -3.9 %o 8'%0 (época seca, n=19) hasta
-4.8 %o 8'80 (época lluviosa, n=13). Las muestras de agua
subterranea presentaron una tendencia similar con valores
mas empobrecidos durante la época lluviosa (-5.2 %o 8'%0
y -29.8 %o 8’H). En general, la composicion isotopica en el
ambiente marino de la Isla del Coco en aguas meteéricas es
util para delinear la contribucién de humedad proveniente
del Océano Pacifico Oriental hacia el istmo centroamerica-
no. Asimismo, provee una valiosa referencia isotopica en la
separacion de los efectos de la destilacion orografica y el
aporte de humedad enriquecida del Mar Caribe en estudios
continentales.

Palabras Clave: Isla del Coco, Océano Pacifico Oriental,
Zona de Convergencia Intertropical, isotopos estables,
trayectorias HY SPLIT.
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