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ABSTRACT

An approach to the spatial and temporal distribution of marine debris stranded on Las Canteras Beach
is developed by means of surveys carried out during one year, along three transects located on the
southern, northern, and central parts of the beach. Results evidence that debris stranded on the beach
represent an almost permanent type of pollution, but with a large time variability in the number of items
observed along the three transects, as well as in the type and origin of the debris collected at the different
stretches of the beach.
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1 INTRODUCTION
Plastic products predominate in daily life materials due to their durability and lightweight
characteristics. However, these same characteristics make plastics a threat to ecosystems
when inadequately disposed of, due to their persistence in terrestrial, aquatic, and marine
environments [1], [2]. In particular, when these materials reach coastal areas it may have
negative visual impacts on coastal human communities, as well as indirect effects, such as
loss of tourism revenue and recreation value, clean-ups costs, and many others [3]-[5].

Plastic items are the main component of marine debris [6], [7], defined as “any
manufactured or processed solid waste material that enters the marine environment from any
source” [8], and social awareness of the impacts of this kind of pollution in coastal regions,
as well as in open ocean, is increasing [2], [6], [9].

The sources of marine debris are extensive and can be ocean- or land-based [8], [10].
Ocean-based debris are materials either intentionally or accidentally dumped or lost
overboard from vessels [2], [11]. In contrast, land-based debris generally originate from
urban and industrial waste sites, sewage and storm-water outfalls, and terrestrial litter that
reaches the waterways systems, or even directly left by beach users [11], [12]. Population
size, mainly settled in coastal regions, and the quality of the waste management systems
determine the amount of land-based plastic debris entering in the ocean [13]. Once the debris
enters the marine environment, they can be transported elsewhere [2] through a combination
of wind and current patterns, sink [10], or deposited at coasts, mainly by the action of tides,
waves, and the local effects imposed by topographic conditions [14], [15].

The knowledge on the behaviour of this kind of pollution is still poor. The complexity of
the physical processes involved in its transport, deposition, and degradation rate, as well as
the different type of sources, makes the development of models to predict its behaviour a
challenging task. Furthermore, the large local variability of these aspects implies the need of
studies at each specific area to gain insight into the issue in that particular location.

Las Canteras Beach is considered to be one of the few globally city beaches visited
throughout the year. It has a large socioeconomic importance for the city of Las Palmas de
Gran Canaria and constitute a unique ecosystem, with different habitats of national and
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international interest. So, it has been declared as Special Conservation Zone (ZEC) and Site
of Community Importance (LIC). Due to its natural characteristics, Las Canteras Beach
represents a natural landscape significantly vulnerable to the arrival of marine debris. Hence,
it is important to optimise the efficiency of management plans for this kind of pollution, as
well as improve the benefits and efficiency of beach clean ups as a mitigation tool. This
requires improving our understanding of transport mechanisms and the identification of
sources and sinks, starting with the development of field surveys [10], [16], [17].

The present work aims to characterize the spatial and temporal distribution of marine
debris on Las Canteras Beach, by means of one-year survey at three different transects. The
main goal of this initial study is to establish a baseline for future actions, including the
development of environmental management plans, and help to identify the different possible
marine debris sources affecting the area.

2 STUDY ZONE

The Canary Islands Archipelago is located between 29°15°N-27°10°N and 19°00°W-
12°45°W, in front of the north-west African coast and it is formed by seven main islands
(from east to west): Lanzarote, Fuerteventura, Gran Canaria, Tenerife, La Gomera, La Palma,
and El Hierro (Fig. 1). The islands are strongly affected by the prevailing northeastern winds,
also known as trade winds, and by the Canary current, a ramification of the southern flux of
the Gulf’s Current, heading south.

Las Canteras Beach is located at the north-eastern coast of the Gran Canaria Island (Fig.
1), and orientated towards the northwest (NW) within the Confital Bay, which is sheltered
from the prevailing north-eastern winds by La Isleta headland. The beach is a 3 km long fine-
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Figure 1:  Canary Islands Archipelago (top left), Gran Canaria Island (top right), and aerial
view of Las Canteras Beach with their sample transects locations (bottom).
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grain blonde sand beach, providing recreational opportunities to citizens of Las Palmas de
Gran Canaria, the largest and most heavily populated city in the Canary Islands. It is bound
to the north by La Isleta and southward by a groyne, and exhibits the particular
geomorphological characteristic of being semi-enclosed by a discontinuous natural rocky
reef running parallel to the coast and separated about 200 m from the shoreline [18]. This
morphological characteristic enables several different beach environments and uses, mainly
because some parts are well exposed to wave action while other are partially or totally
sheltered, depending on wave direction approach and tidal conditions. The aerial image of
the study area (Fig. 1) reveals that the southern section of the beach is totally free from the
barrier protection. In the central area of the beach, known as “Pefia La Vieja”, the barrier is
interrupted forming two channels which allows wave propagation toward the beach, as well
as current flow. From this point to almost the end of northern part of the beach, “La Puntilla”
area, it is uninterrupted but another discontinuity is present at the very end of the beach.

3 METHODOLOGY FOR MARINE DEBRIS SAMPLING AND PROCESSING
Due to the wide range of sizes [1] and types of marine debris found in beach surveys, many
different monitoring methodologies have been suggested [19]. Nevertheless, it is obvious that
the best methodology is one that adjusts to the main goal of study. In this respect, given that
the detection of the areas where marine debris tend to deposit and the identification of its
possible sources are among the objectives of the study, it is interesting to collect only the
debris recently left by the sea, also known as “fresh debris” [17], [20], [21], and not the items
left behind by beach users, or left by the sea a long time ago, which would make more difficult
these tasks. In addition, different management actions are occurring on the study area, as is
the case of the cleaning services efforts, which could seriously interfere with the sampling
procedure if not taken into account. Nevertheless, cleaning timetables and procedures have
been properly foreseen, thus minimizing its effects on the field work. The marine debris
sampling period cover more than one year, from November 2014 until March 2016, although
only the last seven surveys have been considered, due to adjustments on the used
methodology. The sampling interval has been bi-monthly, and the selection of the sampling
dates carefully determined by taking into account different factors. Thus, campaigns have
been synchronized with tidal phases, carrying out the samples collection during low spring
tides to maximize the intertidal exposure. Additionally, samplings have not been carried out
during weekends to avoid large quantities of debris left by users. Although cleaning services
operate during late afternoons and night, there is a possibility that locally abnormal amounts
of debris could not be totally removed. So, avoiding these days of higher densities of beach
visitors is considered as a safe bet. To summarize, sampling periods have been chosen to
coincide with working days, low spring tides, provided that cleaning services had not
operated in the period between the low tide and the previous high tide. Naturally, all these
restrictions reduce the available time windows for debris collection.

The sampling transects selection have been based on the idea of having a representation
of the main environments naturally present on the beach, time limitation for debris
collections, and sand availability throughout the year. Beach sections where high tide reaches
the promenade wall where not chosen because it could influence debris deposition [20]. With
the above considerations in mind, three transects were chosen for monitoring marine debris
deposition: La Puntilla (TR1), Playa Chica (TR2), and La Cicer (TR3) (Fig. 1).

The TR1 (La Puntilla), northern end, represents a semi-closed environment and it is also
the most sheltered place from the prevailing north-eastern winds, located on the proximity of
a shelter area for small fisherman’s boats. Transect TR2 (Playa Chica) is also a semi-enclosed
beach environment but with a steeper beach face and pocket beach morphology due to the
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course of the walkway. The last transect considered, TR3 (La Cicer), is on the southern limit
of Las Canteras Beach and it is exposed to the wave action. The sedimentary characteristics
in this transect differs from the other two in seasonal sedimentary transport, grain size and
composition terms [18].

The monitoring plan carried out during the present study includes two different sampling
methodologies, depending on the debris diameter. The diameter thresholds have been
established on the basis of the cleaning squad capacity, which usually collects debris ranging
from cigarette filters to bigger items, whereas smaller pieces are less likely left by beach users
and are not targeted by most clean-up efforts [10]. The debris groups established in terms of
the diameter thresholds set are micro- (<5 mm), meso- (5-25 mm), and macro-debris (>25
mm).

3.1 Micro and meso-debris sampling and processing

The sampling methodology used to monitor micro and meso-debris has been selected looking
for a balance between time consumption during the sampling process and effective extraction
of the desire materials sizes and types. Thus, the minimum size considered is about 1 mm, so
plastic materials with diameter in the range 1-25 mm have been included in this category.
Each sampling transect is 50 m length along the upper high tide water mark. The transect
position is repeated for each sampling date throughout the year. The high tide line was
selected because it holds much more plastic left by the receding tide than other areas of the
intertidal zone [7], [19]. The minimum width of the transect recommended in the literature
[10] has been used, that is, a total of six 0.25 m?(50 cm x 50 ¢cm) quadrants of surface sediment
evenly distributed 10 m apart, such as the depicted in Fig. 2. For each quadrant, sediment has
been collected from a depth of no more than 1 cm, approximately, until a recipient of 1 litre
was filled from the uppermost sand layer, so including the materials most recently deposited
by the tide. The total of the six surface volume buckets corresponding to each transect was
deposited in a 20 L tub previously filled with clean filtered seawater. The plastic fragments
in the sample floated on the water surface, enabling their separation from the rest of the
sampled materials and to remove them from the tub manually with a skimmer. This procedure
was adapted from [19] and has been also used in [20], but with different sediment volumes.
The procedure used after collecting the debris samples includes density separation,
filtration, sieving, and visual sorting of micro-plastics, such as illustrated in Fig. 3. Only the
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Figure 2: Micro- and meso-debris sampling transect illustration.
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two first steps were carried out in situ, due to the facility to transport the materials after
density separation. Before the sieving, samples were left drying under normal temperature
conditions in a ventilated room, protected from the direct sunlight and abrupt changes of
temperature, and any organic material was separated from the plastic. Through the sieving
process, the particles were separated into four groups of size by passing them through a sieve
cascade of different mesh size ranges, enabling to classify debris into four main groups: <1.4
mm, 1.4—4 mm, 4-9 mm, 9-25 mm.

For each size range, plastics were grouped into various categories: film, line, pellet,
fragment or hard pieces, foam pieces [7]. This process has been carried out by carefully naked
eye visual sorting and with help of magnifying glass for smaller pieces, mainly for the items
that passed the smaller mesh size in the sieve (1.4 mm). Thus, items with diameter over
1 mm, approximately, have been considered. Materials corresponding to each size and type
group were counted and weighted on a balance accurate to 0.1 mg.

3.2 Macro-debris sampling and processing

The method applied for sampling macro-debris (>25 mm, approximately the size of cigarette
filters) is an adaptation of the “Top bottom and vegetation lines” methodology [17],
collecting, during the low tide, only “fresh debris”, or recently debris deposited by the last
tide. Higher strandlines tend to accumulate or present higher quantities of debris. Contrarily,
the lower wet strandlines usually have only small amounts of litter, thereby spatial averages
in these areas result in lower figures, but it is necessary to avoid overestimation of debris
concentrations. Some modifications were made to the original sampling procedure to adapt
it to the main goals of the study. These modifications are related to transect length and
sampling only upper and lower strandlines (or tide water marks), because vegetation line is
only used when long-term accumulation debris is wanted. The original length established
according to the bibliography 100 m, was not adequate due to time unavailability, lack of
beach length and/or sedimentary materials along two of the transects (Playa Chica and La
Cicer transects). Consequently, a reduction to 50 m length and 1 m of width, for both lower
and upper strandlines, was done per transect, as illustrated in Fig. 4. The beach area covered
is by using these values is 100m? and the transect position was the same for each sampling
date.

Material belonging to this type was simultaneously collected with the meso- and micro-
debris sampling, due to their upper strandline coincidence. All the collected debris was firstly
rinsed off with water and left drying under normal temperature conditions, in a ventilated and
protected from the direct sunlight effect room. Once debris was dried, the collected items
were sorted and classified according to the following general categories: plastic, rubber,
processed lumber, clothing/fabric, paper/cardboard, and metal [3], [21], [22] but with some

Figure 3: Schematic micro- and meso-debris sampling procedure.
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50m transect

Figure 4: “Top and bottom line” methodology.

small modifications. Cigarette butts were considered separately because of their predominant
occurrence in comparison with the rests of the groups. Main groups were further broken down
subcategories, giving more attention to synthetic materials. Items from each category were
counted and weighted on a balance accurate to 0.01 gr.

An attempt for identifying the main use or activity related with the collected materials
before entering the waterways, known as activities related debris [2], [3], [17], [23], [24], has
been has been done when possible. This identification can only be applied on limited items
and could lead to a possible disposal source. This classification method has been taken with
caution in the present study because of the great source of uncertainty which some items
could cause. A list of some typical items considered as marine sources debris and others
whose source is unknown is given in Table 1.

Items brought by the sea and without a clear marine-related activity relationship have been
explored in depth, looking for possible signs or marks on the material’s surface (see Fig. 5),
for trying to assign some origin source. In this sense, signs such as high degradation,
biofouling or bites marks on the surface could help to assign the item a marine origin, or at
least marine transport and not locally disposed, with a significant confidence [4], [21]. Those
items with any of the cited signs detected, or which could not be related to marine activities,
were considered as unknown source because it could equally come from marine source (but
stayed in the marine environment for a very short period of time) or locally disposed. Thanks
to the cleaning efforts and very little amount of beach users during the time of beach surveys,
the locally disposal debris possibility can be considered low, but not null, and degradation
signs method is appropriate because no item is left at the beach for a long period of time.

4 RESULTS AND DISCUSSION
4.1 Micro-meso debris

The number of items per square meter found on each transect, during the seven surveys
carried out during the sampling period (March 2015—March 2016), is presented in Fig. 6. The
sampling period covers only one year and, consequently, it is not possible to examine the
average evolution of this parameter throughout the year. The available information reveals
that there is no a simple pattern during the sampling period. Thus, the number of items
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Table 1: List of some items of debris with marine-related (blue), and unknown source (grey).

Unknown source
Nylon rope/net fragments Beverage bottles
Buoys/floats Plastic bags
Fishing lures/line Bottles and containers caps/lids
Light sticks Balloons
Packaging bands Cigarette filters

Figure 5: Photographs of examples of fishing-related debris and bite marks.
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Figure 6:  Number of micro- and meso-debris items per square meter for each transect,
during the period from March 2015 to March 2016.

collected in TR1 is generally low but reaches values over 50 in some months. However, the
number of items observed in TR2 shows a more regular pattern, increasing from March to
July, declining until January and experiencing a slight increase in the last survey. In TR3, it
decreases from March to July and then increases until reaching a maximum in January for
drastically reducing in the last survey. In general, the largest average deposition of items on
the beach occurs in January (81 items/m?) while the lowest stranding takes place during
March 2016 (15 items/m?). Regarding the specific transects, it is observed in Fig. 7 that TR3
accumulated the higher number of items during the sampling period. In fact, more than half
(58%) of all items have been collected in this transect, while the total number of items
recovered in the other two transects is quite similar, only slightly lower in TR2. The average
number of micro and meso-plastic pieces in each of the three transects is, 80.66 items/m? in
TR3, 34 items/m? in TR1, and 28 items/m? in TR2.
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It is interesting to remark that the average value of items by transect and its standard
deviation are of the same order for the three transects. In particular, mean and standard
deviation are almost the same in TR2 while in TR1 and specially in TR3 the standard
deviation is larger than the mean. This fact highlights the significant variability in the number
of item pertransect observed throughout the year, only slightly lower in TR2. This could be
understood asa more constant debris deposition,possibly due to local process (e.g. beach
users or proximity of the walkway to the beach) and a lower influence of the marine
dynamics.

Regarding the type of materials found per transect, it can be observed (see Fig. 8) that
fragments type is the most frequent type of materials found in any transect. Transect TR1
suspiciously receives much more line type (which are basically mono-lines of nylon) than in
any other transect. This could be related with main fishing-related activities developed in
their inmediate vecinity. In terms of materials size, the range of diameters between 1.4 and

Figure 7:  Percentage of items per transect, TR1 (La Puntilla), TR2 (Playa Chica), and TR3
(La Cicer) (03/2015-03/2016).
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Figure 8:  Number of pieces, size and type per m? for each transect (TR1 (La Puntilla), TR2
(Playa Chica) and TR3 (La Cicer)).
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4 mm is predominant in all transects. Nevertheless, TR1 differs from the other two transects
by receiving more small size items, while TR2 and TR3 have similar proportion for this size
range. Furthermore, there is a notable gradient of size from TR1 to TR3 where size
predomiance goes from smaller to bigger, withhigher amounts of <1.4 mm materials at TR1
and higher amounts in the range between 4-9 mm at TR3.

4.2 Macro debris

The analysis of macro-debris items collected in the three transects indicates a higher presence
of debris at TR3 (La Cicer), a result similar to that found in the case of micro and meso-
debris. However, in this case, it is important to examine this fact through the comparison
between different groups of debris. Fig. 9 shows pie charts representing the total amount of
debris items (Fig. 9(a)), total synthetic debris (Fig. 9(b)), and cigarette filters (Fig. 9(c)).
Considering the total amount of items stranded in each transect (Fig. 9(a)), TR2 would be the
most polluted transect. Nevertheless, taking into account only synthetic materials(Fig. 9(b)),
TR3 is by far the most polluted transect. This apparently contradictory result is the result of
the great presence of cigarette filters at TR2, as observed in Fig. 9(c). The TR2 receives more
cigarette filters than the other two transects. This finding suggests a particular type of user
on this beach area.

The average and standard deviation values of total macro-debris collected along each
transect are: 5158 for TR1, 128439 for TR2, and 91448 for TR3. Thus, in terms of the
average number of items per transect, TR2 and TR3 are the areas where more debris is found.
The relatively small standard deviation in TR2 indicates the lower variabilityin the number
of items encontered at this site, in relation to the other zones of the beach, a fact that could
be linked with a more or less continuous pollution due to smoker beach user and/or a lower
variability in hydrodynamic conditions.

The main composition of synthetic items per transect is represented in Fig. 10. The graph
shows a clear majority of hard plastic items on all the transects, being this synthetic material
type the most abundant, followed by plastic films, foamed plastic and rubber.From the hard
plastic group, the pieces subgroup constitutes the main type of material found on TR2 and
TR3, and plastic nets-ropes for TR1 (62%) (and only 12% at TR2 and TR3). As it was
mentioned in the classification description, ropes and netsitems are typically used on fishing-
related activities. As a result, TR1 is highly influenced by marine source debris, or at least
by fishing related activities.

To address this issue more in depth, items were screened for possible signs of marine
source materials, such as bites or biofouling marks, or to be identified as marine related-

(@) ()

Figure 9: (a) Total debris per transect, (b) total synthetic debris per transect, (c) total
cigarette filters per transect.
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Figure 10: Percentage of synthetic main groups items per transect.

Table 2: Percentage of items stranded on the beach with possible marine source.

Total debris (%)  Synthetic debris (%)
Trl 45 58
Tr2 34 50
Tr3 50 68

activities materials. Table 2 shows the percentage of itemsper transect for which it has been
possible to assign a marine origin. It can be observed that transects located in the northern
and southern limits of the beach, TR1 and TR3,presentthe larger percentages of pieces with
some of these visible signs. The occurrence of this type of materials is lower at TR2 in both
cases, specially when considering the total amount of macro-debris. Again, this indicates a
larger influence of debris released by beach users in this zone, which could be relatively
easily alleviated through specific procedures and actions aimed at limiting and mitigating its
consequences.

5 CONCLUSIONS

Regarding micro- and meso-debris, the density of items collected during the most part of the
year along the three transects is over 50 items/m?, so that this kind of pollution is present
almost continuously. Furthermore, the density of debris is lower at TR1 (La Puntilla) and
TR2 (Playa Chica) and increases toward TR3 (La Cicer), with more than half of the total
debris stranded on the beach collected in this last transect, corresponding to the southern end
of the beach, significantly exposed to the wave action and which predominant use is beach
sports. Nevertheless, a significant variabiliry in the number of items per transect is observed
along the three transects but is slightly lower in TR2. The reduction of the standard deviation
in the latter could be understood as a more constant debris deposition, possibly due to local
process (e.g. beach users or proximity of the walkway to the beach) and/or a lower influence
of the marine hydrodynamics. Fragments type is the most frequent type of materials found in
any transect, but transect TR1 receives much more nylon lines than any other transect, which
is probably linked to the fishing-related activities developed in their inmediate vecinity. In
terms of materials size, the range of diameters between 1.4 and 4 mm is predominant in all
transects.
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Macro-debris are more frequent at TR3 (La Cicer) but TR2 receives more cigarette filters
than the other two transects jointly, a fact that suggests a particular type of user in this beach
area. This hypothesis could also be endorsed by the relatively small standard deviation of the
number of items encontered at this site, suggesting a more or less continuous pollution due
to smoker beach user. However, it could also be related to a lower variability in
hydrodynamic conditions.

Transects located in the northern and southern limits of the beach, TR1 and TR3, present
the larger percentage of pieces with visible signs suggesting marine source debris type, or at
least materials related to fishing activities.The occurrence of this type of materials is lower
at TR2, providing even more evidence of a larger influence of debris released by beach users
in this zone.

Conclusions derived from the present study have to be interpreted with caution since the
limitation imposed by the one year duration of the observational period. This should be
extended over several years to be able to detect stretches of beach and periods during which
stranded marine debris amount increases or declines, as well as to identify possible cyclic
patterns.
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