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Abstract: Since 2013, there has been an increase (>23%) in naval traffic using maritime routes and
ports on the coastal fringe of Santa Marta, Colombia. Of major concern, and described by several
studies, is the relationship between maritime traffic and coastal contamination. This study proposed
a maritime traffic indicator considering the simultaneous effects of several relevant measurements of
water quality parameters to estimate the impact of naval activity. The approach involved developing a
model including the number of vessels, hull length, and permanence time in berths. In addition, water
quality variables, considering climatic seasons, were used to verify association with maritime traffic
and touristic activities. The high concentrations of total coliforms (TC) and dissolved/dispersed
petroleum hydrocarbons in chrysene equivalents (DDPH) reported by the International Marina of
Santa Marta (SM) were affected by the local anthropic activities, including tourism, naval traffic, and
urban wastewater discharges. Moreover, our results suggest the occurrence of multiple chemical
impacts within Tayrona National Natural Park (PNNT) affecting conservation goals. The estimation
of the maritime traffic indicator proposed in this study may be an easy and more complete tool for
future studies evaluating the impact of naval activities on environmental quality.

Keywords: Caribbean Sea; climate; maritime traffic indicator; seawater quality

1. Introduction

Maritime transport is one of the world’s largest economic entrepreneurships account-
ing for 80% of the world’s commercial trade [1]. A great number of maritime routes have
been established around the world to provide logistically efficient and rentable paths
for sea transportation. However, at the same time, maritime traffic (MT) is negatively
affecting marine environments [2,3]. In fact, ship and boat traffic produce water contam-
ination by oil [4–6], toxic metals [7,8], and several antifouling biocides [9]. In addition,
atmospheric emissions contributing to the greenhouse effect are also a relevant impact
related to MT [10–12]. Consequently, marine water chemistry changes, including ocean
acidification and coastal contamination, have often been reported worldwide [13,14]. In
urban environments and particularly in marine port cities, pollutant inputs can act together,
affecting air quality conditions and water quality parameters. In such locations, terrestrial
and maritime traffic associated with industrial complexes, marinas, and commercial ports,
have been considered relevant contaminant sources [3,6,14–17].

In several studies assessing ship and boat traffic impacts on environmental quality,
the MT variable has been used as semi-quantitative data, expressing the number of ships in
scale (null, low, medium, and high) [6,18–20]. On the other hand, quantitative treatments
of the MT variable have used the number of boats or ships [21–24], transported load
weight [23,25,26], number of transported passengers [27], and ship/boat permanence
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time during commercial operations [10,14,28]. In this regard, the historical records of
quantitative estimates of MT, considering simultaneously different variables in a unique
indicator, were carried out by [7]. This study used the number and length of boats and
time of exposition, seeking to estimate the maritime traffic indicator that allows studying
its impact on the aquatic environment.

Munim and Schramm [29] ratified the relevance of continuous improvements in
port infrastructure quality for developing countries. These improvements provide better
logistics performance and, consequently, more sustainable and efficient maritime trade
and economic growth. Santa Marta’s maritime port has a natural draft that makes it
the deepest port of the American continent, allowing mooring operations even for high
tonnage commercial ships such as post-Panama carriers. Since 2013, this port has improved
the capacity to store refrigerated cargo in containers, developed technology for foreign
trade procedures, and expedited customer attention service. Hence, Santa Marta’s port
is becoming the most important maritime terminal in Colombia. The port lies in the
Caribbean Sea and is situated to the northwest of Santa Marta, which, since 2012, has had a
modern marina with excellent access located very close to the National Natural Park of
Tayrona (PNNT) and the mountains of Sierra Nevada. Thus, touristic activities are also
important attractions to the region. Moreover, the area has been recognized by yachters as
a secure port during hurricane seasons (from June to October) [30].

The city of Santa Marta is the second preferred touristic destination by visitors to the
Colombian Caribbean, with the main local economic activities taking place around the port
and touristic locations. The PNNT’s bays and coves are reference points for touristic boats’
anchorage in official navigation charts [31]. Garay et al. [32] warned that the increase in
tourist demand would bring, as a consequence, a rise in the contaminant inputs, especially
during the high touristic season. Historically, the water quality of Santa Marta’s coastal
fringe has been evaluated with regard to solid and liquid urban wastes treatment and
disposal [33,34]. However, according to the above mentioned authors, maritime traffic
may also affect water quality parameters and should be considered in environmental
assessments. This approach is especially relevant in busy naval traffic areas located in
coastal zones, where pollutant discharges are more likely to occur [4,6,10,13,14,28].

Based on this scenario, this study proposed an easy quantitative estimation of the
influence of maritime traffic on water quality parameters during different climatic seasons.
The approach was applied to the coastal fringe of Santa Marta (Colombia), considering the
available access to “open data” related to local maritime traffic.

2. Materials and Methods
2.1. Areas of Study

The coastal fringe of Santa Marta is a highly dynamic zone in which many different
socioeconomic factors such as tourism, fishing, commerce trade, and carbon transport and
storage activities occur [35]. Under the criterion to have controlled maritime activities, the
zones selected for this study were the bay of Santa Marta (BSM), presenting port facilities,
touristic and fishing activities, and Tayrona National Natural Park (PNNT), where touristic
activities are held. Such zones have different levels of urban and maritime port influences.
The BSM is a semi-closed bay, with an approximate area of 5 km2 and coastlines limited
to the north and south by rock formations. In the central part of BSM, a sandy beach is a
predominant feature. In this zone, the sampling station was located at International Santa
Marta Marina (SM). The PNNT is a protected area in the northern Santa Marta region,
categorized as a National Park according to the International Union for Conservation of
Nature (IUCN). The area is a hotspot of coral reef biodiversity in the Caribbean region
and has been declared a biosphere reserve by UNESCO due to its strategic importance
for conservation [36]. In the PNNT, data from two sampling stations were collected in
Concha Bay (BC) and Nenguange (Neg). These sites were located at the northwest of the
main beach of Concha and the northwest of the main beach of Nenguange, respectively
(Figure 1).
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Figure 1. Location of sampling stations in Santa Marta Bay (BSM) and Tayrona National Natural
Park (PNNT). SM: International Santa Marta Marina; BC: Concha Bay; Neg: Nenguange.

2.2. Physicochemical and Microbiological Variables of Superficial Water

All physicochemical and microbiological variables used in the present study were
obtained from “open data” made available by the Surveillance Network for the Conserva-
tion and Protection of Marine and Coastal Waters of Colombia [37]. These variables were
collected from the superficial water level and included salinity, dissolved oxygen (DO), pH,
nitrates, nitrites, ammonium, orthophosphates, suspended total solids (SST), dissolved and
dispersed petroleum hydrocarbons (DDPH), and total coliforms (TC). The methods used
to generate all variables were described in detail by [38]. The data included in the present
study were measured during six sampling campaigns performed in SM, BC, and NEG
from the years 2015 to 2017. According to the local rainfall regime, climatic seasons were
defined as dry (December, January–April) and rainy (May–November). In Santa Marta,
during the studied years (2015–2017), the average of pluviometry indexes in the dry season
was 7.3 mm, while in the rainy season it was 72.7 mm [39] (Figure 2).
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2.3. Estimation of Maritime Traffic

Data regarding boat traffic from each studied site were obtained by [30], and such data
included the daily number of boats, the measures of all boat lengths, and permanence time
in docking/anchorage. Data on boat length by sampling stations were complemented using
information available on the website (www.marinetraffic.com, accessed on 26 April 2021)
which provides real-time information on naval traffic. The boat length variable was used
as unique information estimating the surface area of hulls of boats and ships in contact
with water. This approach was adopted due to high heterogeneity in boat types (passenger,
cruisers, motor yachts, sailboats, and small boats) present in studied areas, including a
very large variation hull area of the boats.

A monthly index for each analyzed site was calculated by a direct relationship between
the number of boats per month, length, and boats’ permanence time in each sampling
station. The data were standardized to have values between 0 and 1, as proposed by [40],
using Equations (1)–(4).

Traffic = VEc + VEe + Vet (1)

VEc =
C − Min

Max − Min
(2)

VEe =
E − Min

Max − Min
(3)

VEt =
T − Min

Max − Min
(4)

where:
VEc: Standardized data of the number of boats per month.
VEe: Standardized data of boat length per month.
VEt: Standardized data of boat permanence time per month.
Max y Min: Maximum and minimum values for each variable for the entire population

of data.
C, E, y T: Each one of the observations on the number of boats, boat length, and boat

permanence time, respectively.

2.4. Data Analysis

In order to assess differences between the variables of maritime traffic and water
quality levels, a variance analysis (ANOVA) was made, with a previous evaluation of
normality and homogeneity assumptions, according to the Shapiro–Wilk and Levenne
tests, respectively. When detecting significant differences between mean values, Tukey’s
honesty statistical difference test was applied. When some of the assumptions were not
fulfilled, the Kruskal–Wallis nonparametric analysis was performed. The Wilcoxon’s rank
sum contrast proof with continuity correction was made for pared comparisons. Canonical
correlation analysis identified relevant variables of water quality and their association with
maritime traffic. The importance level of each variable was verified by linear discriminant
classification analysis (assuring a success percent in variable identification bigger than 95%).
Seeking to explain the behavior of the number of boats in PNNT, the total number of visitors
and the weather seasons (dry and rainy) were taken as independent variables. Linear
models were prepared considering those variables as additive influence and interaction
using “Im” in the R packet. Then, the model that best explained the variation of the
number of visitors in PNNT considering the number of boats was selected using the lowest
value of Akaike information criterion (AIC), significant p values, and adjusted R2 values.
All statistical analyses were performed using the “R” program employing the RWizard
interphase [41]. Statistical significance was set at p < 0.05.

www.marinetraffic.com
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3. Results
3.1. Physicochemical and Microbiological Variables in Superficial Water

Table 1 shows the results of the quality parameters for shallow waters in studied
sites (SM, BC, and Neg). In all cases, physicochemical variables, inorganic nutrients, and
microbiological amounts showed values below the maximum limits allowed in Colombian
legislation (Decree 1594, issued in 1984). The concentrations of dissolved and dispersed
petroleum hydrocarbons related to chrysene equivalents (DDPH) did not exceed the limits
allowed for coastal sea waters presenting low contamination levels (> 5 < 10 µg/L) [42].
The influence of weather seasonality was evident during the dry season in which higher
levels of salinity, pH, nitrates, and ammonium were reported, while the TC concentration
showed higher values during the rainy months. In this regard, significant differences
were seen only in SM with an average of 438 NMP/100 mL (p < 0.05). The ammonium
ion concentrations varied, over the analyzed period, between the detection limit of the
analytical method used (2.0 µg/L) and a peak value of 107.4 µg/L, which was reported in
Neg station in April 2015.

Table 1. Physicochemical and microbiological variables, marine traffic and pluviosity between seasons for studied sites in
the coastal fringe of Santa Marta, Colombia, years 2015–2017. N: number of samples; Av: average; sd: standard deviation;
(*) denotes significant differences between seasons for each site by Wilcoxon paired comparison test, p < 0.05.

Variables N
Dry/Rainy

Sampling Stations

Santa Marta (SM) Bahía Concha (BC) Nenguange (Neg)

Dry Rainy Dry Rainy Dry Rainy

Av sd Av sd Av sd Av sd Av sd Av sd

Salinity (o/oo) 9/6 36.3 0.2 36.1 0.2 36.3 * 0.1 35.5 0.4 36.6 * 0.1 36.0 0.4
DO (mg/L) 9/6 6.8 * 0.9 5.3 0.8 6.5 * 0.4 5.6 0.5 5.8 0.3 5.5 0.6

pH 9/6 8.1 0.1 8.1 0.1 8.2 0.1 8.1 0.1 8.0 0.0 8.0 0.1
SST (mg/L) 9/6 21.2 9.8 24.3 8.4 30.5 9.4 29.6 13.1 21.9 12.1 18.1 1.7

P-PO4
3− (µg/L) 9/6 3.1 1.1 2.5 0.8 2.1 * 0.5 1.2 0.6 2.4 0.1 2.3 0.1

N-NO2
− (µg/L) 9/6 2.4 * 1.5 1.4 0.9 1.2 0.1 0.5 0.1 0.9 0.4 0.6 0.1

N-NO3
− (µg/L) 9/6 9.9 8.7 3.9 2.0 4.6 * 2.9 1.5 0.4 6.1 3.5 2.6 0.9

N-NH4+ (µg/L) 9/6 2.9 0.1 2.7 0.5 23.9 * 41.8 2.6 0.2 4.3 2.0 2.9 0.3
DDPH (µg/L) 9/6 0.8 0.7 0.4 0.1 0.2 0.2 0.2 0.1 0.2 * 0.1 0.1 0.1

TC (NMP/100 mL) 9/6 119 163 438 * 89 65 93 5 3 18 22 3 1
Maritime traffic 11/9 0.733 0.363 0.547 0.188 0.222 0.144 0.266 0.187 0.146 0.091 0.209 0.153

VEc 11/9 0.208 0.149 0.140 0.061 0.202 0.139 0.246 0.183 0.128 0.092 0.190 0.152
VEe 11/9 0.128 0.052 0.126 0.025 0.015 0.006 0.016 0.007 0.014 0.007 0.014 0.006
VEt 11/9 0.398 0.296 0.283 0.176 0.005 0.003 0.006 0.004 0.002 0.002 0.003 0.003

Pluviosity (mm) 10/14 12 13 89 * 31 71 13 148 * 74 71 13 148 * 74

3.2. Estimation of Maritime Traffic

Based on reports about maritime traffic during 2015–2017, 585 boats moored in the
International Marina of Santa Marta (SM). Considering all studied periods, an average
value of 22 boats/month was seen, with an average permanence time on dock of 19 days
and boat lengths ranging from 11 to 25 m. During the rainy season, minor boat traffic
(19 boats/month) occurred, presenting no statistical differences (p > 0.05) in comparison
to the dry season (25 boats/month) (Figure 3A). The number of boats docked in differ-
ent places of the PNNT showed a gradual increase over the years (2015 = 3150 boats,
2016 = 3795 boats, and 2017 = 3872 boats). During 2015, Concha Bay (CB) and Nenguange
(Neg) received 11% of the total number of boats going to PNNT, and in 2017, this number
increased to 23%. The gradual increase in amounts of boats visiting PNNT presented a
direct correspondence with the total number of visitors to the national park. The quadratic
regression model (p < 0.001) indicates a related increase in the number of visitors and
reaching saturation limits (Figure 3B).

The higher visitor amount in PNNT was reported during January (dry season), which
represented 17% of the annual total. Another high visitor affluence was registered in July
and August during the rainy season. Considering visitors traveling using maritime routes
to BC and Neg, the month of August, followed by April, presented higher boat traffic.
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Based on linear regression models, seeking to evaluate the relationship between boat traffic
(in BC and Neg) and visitors amounts in PNNT by weather seasons, it was ascertained that
the best fit considered the additive influence of independent variables (visitors amounts
and weather seasons). In fact, the higher significance level was obtained with the lowest
register of Akaike’s information criterion (AIC), showing a significant correlation in BC
and Neg (p < 0.001). On the other hand, considering the effects of weather seasons, the
presence of boats could be explained only during the rainy season.
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Figure 3. (A) Number of boats per month visiting Santa Marta, Bahía Concha, and Nenguange
between seasons and (B) quadratic regression model between the number of boats and visitors per
month in PNNT. Source: [30,43].

The maritime traffic index calculated for the coastal fringe of Santa Marta ranged
between 0.02 and 2.11 with an average value of 0.71 and a median value of 0.39. The
heterogeneity explains the vast differences in the central trend values in the type of boats
associated with touristic activities. SM presented higher traffic values and permanence
time, which were influenced by boat length (p < 0.001). It is important to highlight that
calculated marine traffic values did not consider the number of boats used by informal
touristic enterprises, which frequently operate in the area and are not accounted for by the
maritime authorities.

3.3. Maritime Traffic and the Quality of Water Variables in SM, BC, and Neg Sampling Stations

The principal components analysis (PCA) showed that 56% of the analyzed variables’
fluctuation was explained by two components (PC1 with 34% and PC2 with 22%). The
variables most related to PC1 were orthophosphate, nitrite, nitrate, and DO, while in PC2,
they were ammonium, traffic, and TC. The second principal component (PC2) demon-
strated higher influence distinguishing the SM sampling station from the sites close to
PNNT, highlighting boat traffic and TC with relevant influence on the total variability. In
addition, boat traffic was also significantly correlated to TC (r = 0.741) and DDPH (r = 0.313)
concentrations (Figure 4A). This behavior was confirmed by the quadratic discriminant
analysis (QDA), demonstrating 100% of agreement in the classification and 90% of correctly
identified cases by crossed validation. Thus, SM differed from BC and Neg, presenting
higher maritime traffic associated with higher TC and DDPH concentrations. Such vari-
ables determined the first discriminant axis explaining 83% of the total variability observed
(Figure 4B).
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4. Discussion

The salinity variation related to weather seasons in the studied zone has been doc-
umented by scientific literature [38,44] and environmental monitoring reports [34,35,45].
Such studies have demonstrated significantly lower salinity during rainy seasons. In this
regard, the present study results were strongly influenced by the increase in pluviosity
during rainy seasons that occurred between 2015 and2016. Indeed, the accumulated rainfall
monthly average from August to November was higher than 93 mm [39]. In addition,
the combined effects of water upwelling in the dry season have also contributed to affect-
ing salinity parameters [44,46,47]. A similar pattern was already observed in southern
Ecuador, where water quality parameters are affected by rainfall regimes influencing the
local salinity [48].

The higher ammonium concentration (107.4 µg/L) reported during the end of the
dry season was associated with wastewaters generated by the touristic activity. High con-
centrations of nitrites, nitrates, and ammonium in coastal areas are often related to inland
water flows, as well as land-based human activities [45,49,50]. Moreover, physicochemical
processes such as oxidation of organic matter, added to the hydrodynamics, may lead
to the release of nutrients to the water column [51,52]. Thus, the high ammonium levels
were probably corroborated by the high number of visitors (25.658) reported at the same
time in studied sites, which also registered higher values in a beach close to BC during
Holy Easter vacations. It is well known that the quantity and type of waste disposed
of on the beaches are directly correlated to the number of persons in such locations [53].
Also, oceanographic characteristics such as tides, coastal currents, and upwelling systems
added to the influence of socioeconomic activities may locally influence levels of hazardous
substances disposed of as sewage [54]. In the present study, higher average ammonium
concentrations were seen in BC (17.8 µg/L) and Neg (3.7 µg/L), suggesting coastal trans-
port of residues from more populated zones to PNNT. Moreover, urban inland sources,
not directly related to naval traffic, also contributed to the observed levels. Thus, it is
not possible to distinguish contamination sources based on the measured concentrations.
Despite this, the statistical approach used in the present study indicates the influence of
marine traffic on observed variations.

In Santa Marta, TC’s main source of coastal waters is a sewage outfall that drains
wastewater generated in the city towards Santa Marta bay. It is important to highlight that
previous studies have demonstrated overflow and spillage episodes in this system during
the rainy seasons [35,55]. TC levels were significantly raised during the rainy season in SM.
In contrast, TC values decreased towards BC and Neg, establishing a spatial and temporal
contamination gradient. In fact, this indicator of organic contamination was related to water
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drainage from the urban area and visitors seasonally, presenting increments during tourist
seasons in the months of July and August. This chronic contamination has been historically
described by [33,56] and REDCAM reports [35,55] for the studied area. Therefore, as seen
in several Latin American cities, Santa Marta has a deficit coverage of urban sanitation.
Despite this, TC values, recommended as the limit for recreational use by primary and
secondary contact according to Colombian decree about quality criteria for water used for
recreational purposes, were never surpassed [57]. It is important to highlight that primary
contact includes swimming, diving, and medicinal baths, while secondary contact refers to
water sports and fishing.

As seen for TC, the high DDPH concentration in Santa Marta had been reported
previously by [38], who attributed the contamination rates to touristic and port activities
associated with urban wastewater discharges. This assertion is supported by several
scientific publications reporting petroleum hydrocarbons’ impacts in areas under the
influence of ports (commercial and fishing) and tourist marinas, even in pristine areas [58].
In addition, accidental spills during operations of transport and refueling of crude oil or
derivatives are very frequent, especially in zones with heavy maritime traffic [16,59,60].
Thus, based on our results, the occurrence of DDPH in SM was directly associated with
tourist activities, and ship/boat traffic. However, the values measured during the present
study were below the limits (> 5 < 10 µg/L) proposed in several environmental guidelines
for coastal waters [42,61,62]. Further, the same temporal and spatial gradient pattern
among sampled sites was verified for DDPH.

Hurricanes in the Atlantic Ocean are quite common phenomena between June and
November. Such extreme events, originating over the warm water’s surface, play an essen-
tial role in the ship and boat traffic in Santa Marta. The historical distribution percentages
indicate the Caribbean Sea (11%) and western Pacific areas (39%) have the highest proba-
bility of hurricane incidence [63]. In this regard, there are geophysical and meteorological
factors making the Colombian coast a particularly safe place during these storms. These
factors include: (1) Coriolis force makes hurricanes coming from the African coast move to
a west-northwest direction; (2) Colombian coastlines minimize the perpendicular wind
impact; and (3) the mountains of Sierra Nevada, according to theoretical approaches, act
as a natural shield against storms [64]. Despite this, Santa Marta presents yacht affluence
without significant differences between climatic seasons [65]. The number of boats received
by the PNNT depends directly on the number of visitors received, until reaching a limit
that depends on the number of tourist transport boats in the area. It is noted that the
osio tourism water transport in Santa Marta needs to be corrected towards sustainable
transport initiatives, as they can have serious negative effects on both the protected area
and local communities [66].

The high concentrations of TC and hydrocarbon pollutants registered in SM were
related to proximity with industrialized urban zones and the number of visitors [56,67].
Although water quality parameters were below acceptable limits in SM, the occurrence
of TC, DDPH, and ammonium concentrations in the PNNT (BC and Neg) arouses con-
cern. Protected areas, such as national parks, are created for conservation purposes and
seek to protect the local biodiversity. Recent studies have demonstrated chemical impacts
within protected zones severely threatening local species despite low contaminant con-
centrations [68,69]. Considering that water quality parameters adopted worldwide were
developed based on urban areas, those limits may fail to assure environmental protection
to pristine zones [68]. PNNT is a unique and vulnerable ecosystem, a hotspot of coral
reef biodiversity, and declared as a biosphere reserve by UNESCO. Despite this, previous
impacts caused by tributyltin contamination and imposex incidence were reported and
associated with marine traffic in the region [70]. Therefore, based on our findings, multiple
chemical impacts can affect the conservation goals foreseen for PNNT.

The PCA and discriminant results showed that the sites located inside PNNT pre-
sented similar water quality parameters, while they were different from SM. Indeed, the
concentrations of total coliforms (TC) and hydrocarbons (DDPH) were the most distinctive
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variables and strongly associated with marine traffic. In addition, the simultaneous use of
different variables (daily number of boats, boat length, and permanence time) makes this
model more predictive than those considering merely qualitative or semi-quantitative data.
These findings support the proposed model as a valuable tool to be used by monitoring
programs assessing environmental quality parameters of coastal waters under the influence
of maritime traffic. Moreover, the proposed indicator is specifically recommended to be
used in areas with high heterogeneity in the types of vessels, as is often seen in Latin
American coastal areas [8].

5. Conclusions

The high levels of TC and DDPH in SM were explained by the proximity to urban con-
tamination sources associated with intense maritime traffic in Santa Marta bay. Although
it is not possible to distinguish contributions from each source, the statistical approach
showed a strong relationship between analyzed variables and naval traffic. In fact, the
trends observed in PNNT clearly indicated that maritime traffic was related to the number
of visitors during the vacation seasons (from December to January, April, and August).
The estimation of the maritime traffic effect on the water quality parameters implemented
in this work may be a reference for future studies evaluating the impact of naval activi-
ties on environmental quality. In addition, it represents an easy and more complete tool
considering the previous approaches used only quantitative and semi-quantitative data.
Therefore, this method is particularly recommended for zones presenting high hetero-
geneity in ship/boat categories. Moreover, our results suggest the occurrence of multiple
chemical impacts within PNNT affecting conservation goals.
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