
SciENTiA M a rin a  71(2) 
June 2007, 305-314, Barcelona (Spain) 

ISSN: 0214-8358

O rigin  and ab u n d an ce o f  b ea ch  d ebris in  th e
B alearic  Islands

LORENA MARTINEZ-RIBES, GOTZON BASTERRETXEA, MIQUEL PALMER
and JOAQUIN TINTORÉ.

Instituto Mediterráneo de Estudios Avanzados (CSIC-UIB), Miquel Marqués 21, 07190 Esporles, Spain.
E-mail: viealmr4@uib.es

SUMMARY: Tire abundance, nature and possible sources of litter on 32 beaches on the Balearic Islands (Mediterranean Sea) 
were investigated in 2005. Mean summer abundances in the Balearics reached approximately 36 items n r1, with a corre­
sponding weight of 32±25 g m-1, which is comparable to the results o f other studies in the Mediterranean. Multivariate analy­
ses (principal component analysis and redundancy analysis) confirmed strong similarities between islands and a statistically 
significant seasonal evolution of litter composition and abundance. In summer (the high tourist season), debris contamina­
tion expressed as item abundance was double that in the low season and showed a heterogeneous nature associated with 
beach use. Cigarette butts were tire most abundant item, accounting for up to 46% of the objects observed in the high tourist 
season. In contrast, plastics related to personal hygiene/medical items were predominant in wintertime (67%) and natural 
wood was the most important debris by weight (75%). In both seasons, litter characteristics suggested a strong relationship 
with local land-based origins. While beach users were the main source of summer debris, low tourist season litter was pri­
marily attributed to drainage and outfall systems.
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RESUMEN: O r i g e n  y  a b u n d a n c i a  d e  r e s i d u o s  e n  p l a y a s  d e  l a s  I s l a s  B a l e a r e s . -  En un estudio realizado durante el 
año 2005 se analizó la abundancia, naturaleza y posibles orígenes de Ios residuos presentes en 32 playas de las Islas Baleares 
(mar Mediterráneo). La abundancia media de objetos en verano fue de aproximadamente 36 objetos por metro lineal, con un 
peso correspondiente de 32±25 g por metro lineal, lo cual es comparable a otros estudios en el Mediterráneo. El estudio 
mediante análisis multi variante s (Análisis de Componentes Principales y Análisis de Redundancia) confirma importantes 
similitudes entre islas, además de una evolución estacional estadísticamente significante en la composición y abundancia de 
Ios residuos. La contaminación durante el verano, expresada en términos de abundancia de objetos en la playa, duplica el 
valor registrado en invierno. Además, Ios objetos hallados durante esta época son de naturaleza heterogénea lo que se aso­
cia con Ios vertidos realizados por Ios usuarios de las playas. De lo recogido en verano, las colillas son el residuo más abun­
dante, alcanzando un 46% de Ios objetos observados. Por el contrario, Ios plásticos, y en particular Ios relacionados con el 
aseo personal y las medicinas son el tipo de objeto más común en invierno (67%) y las maderas representan el tipo de resi­
duo más abundante en cuanto a peso (75%). En ambas estaciones, Ios residuos encontrados muestran una estrecha relación 
con fuentes de tipo local; mientras que Ios usuarios de las playas son el mayor foco de residuos en el verano, en invierno 
éstos se asocian con Ios sistemas de alcantarillado y emisarios.

Palabras clave: Islas Baleares, playa, residuos, basura, mar M editerráneo, turismo.

INTRODUCTION

The presence of litter in the marine environment 
is a well-recognised problem related to increasing 
anthropogenic pressure on the world’s coasts affect­
ing terrestrial and marine ecosystems, causing dam­

age to marine organisms and their habitats, and also 
affecting human activities. These considerable envi­
ronmental problems have drawn the attention of the 
scientific community over the last few decades, 
resulting in a number of research monitoring pro­
grammes (e.g. UNEP with its Mediterranean Action
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Plan, 1975; the OSPAR Convention, 1992). 
Likewise, international and regional conventions 
and legislation have been adopted by riparian coun­
tries and communities with the aim of mitigating 
marine pollution (e.g. MARPOL, 1973; HELCOM, 
1974; the Barcelona Convention, 1976).

The problems generated by marine litter can be 
attributed to both the amount of debris generated 
and its nature (Frost et al., 1997). Beaches are arcas 
where objects originating from different sources and 
transported by currents, waves and wind action tend 
to accumulate. Amongst the debris usually found 
along the shore, slowly degrading materials such as 
plastics and wood arc typically the most abundant 
types (e.g. Merrell, 1980; Kusui et al., 2003). These 
long-lasting objects may benefit the expansion of 
marine organisms, including exotic species (Maso et 
al., 2003; Aliani et al., 2003a; Barnes et al., 2005), 
damage coastal economic activities such as fish­
eries, and affect marine fauna by entanglement and 
ingestion (Laist, 1987; S azi m a et al., 2002).

The nature and abundance of beach debris can be 
related to both terrestrial and marine-based activities, 
whose relative importance varies regionally. Maritime 
sources of litter arc associated with ships, recreational 
boats and offshore installations such as fish-farm s and 
oil extraction platforms, whereas terrestrial-based 
sources include rivers, drainage systems, landfill sites 
and beach users. The typology of items found in the 
literature relates the quantity of marine litter to the 
inadequate handling of solid wastes, which can remain 
in the environment for long periods and be transport­
ed over long dis tarrees by winds, rivers and marine 
currents (Vauk et al., 1987; Silva-Iñiguez et al., 2003). 
Shipping-related activities (Dixon et al., 1981; Vauk et 
al., 1987), commercial fishing (Otley et al., 2003; 
Edyvane et al., 2004) and waterborne sources 
(Stefatos et al., 1999; Moore et al., 2001) have been 
reported as the origin of litter. However, in arcas with 
intensive beach usage, there is evidence that direct 
inputs by beach goers can significantly contribute to a 
deterioration of the coastal environment (Willoughby, 
1986; Velander et al., 1998).

Enclosed seas such as the Mediterranean arc far 
more sensitive to anthropogenic pressures than open 
oceanic arcas. The population increase along the 
Mediterranean coast has been paralleled by an 
increase in coastal and nearshore debris, which can 
remain in its waters for long periods of time. Studies 
in the Mediterranean reveal that land-based activities 
and shipping lanes produce most of the litter (Galil et

al., 1995; Stefatos et al., 1999; Aliani et al., 2003b), 
with higher abundance of marine debris related to 
densely populated and highly industrialised arcas (e.g. 
Katsanevakis et al., 2004). The influence of urbanised 
arcas has also been found on the European continental 
shelf (Galgani et al., 2000) and on Mediterranean 
beaches (Gabrielides et al., 1991).

Tourists associate the presence of wastes along the 
coast with polluted beaches and poor water quality 
(Dinius, 1981), and hence littered beaches arc a major 
deterrent to tourism. For small tourist islands such as 
the Balearics this problem is particularly acute 
because the economy is largely dependant on the 
increasing recreational use of the coast. Additionally, 
most of the local population lives in the vicinity of the 
coast, and hence is directly affected by coastal degra­
dation. This has raised concern among local authori­
ties, managers and stakeholders, who perceive litter 
as a major environmental problem, so costly efforts 
arc made to keep beaches clean. However, few stud­
ies have made a quantitative assessment of litter char­
acteristics in insular- areas.

In this paper, the nature, abundance and possible 
origin of beach debris in the Balearic Islands is quan­
titatively addressed, and the importance of the sources 
of litter on the shore is analysed. Sampling of debris 
was carried out along the Balearic coasts in 2005. 
With some exceptions, the coastal areas of the archi­
pelago are essentially dedicated to the tourist industry 
and the resorts are concentrated in the vicinity of 
beaches in what has been called the ‘sun and beach 
model’. In the Balearics, coastal industrial activity is 
low, riverine inputs are non-existent and sporadic 
runoff occurs during major storm events. Although 
tourist visits are received throughout the year-, high 
beach usage is restricted to the summer months when 
up to 11 million people visit the Balearic coastal 
resorts (source: Instituto Balear de Estadística). In this 
season, sandy beaches of intensive use are regularly 
cleaned by the local municipalities.

MATERIALS AND METHODS

The Balearic coast was divided into 9 different 
zones according to their- main orientation. A general 
survey comprising 32 randomly selected beaches (3 
or 4 per zone) was conducted in July 2005 (Fig. 1 and 
Table 1). With the exception of beach no. 14 (a cob­
ble beach located in a remote area with difficult 
access), all beaches shared the common characteris-
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F ig . 1. -  Map of the Balearics showing the locations of the sampling 
sites and the zone divisions used for this study.

tics of being sandy beaches near villages or tourist 
resorts. Each survey consisted of five 2 m-wide tran­
sects perpendicular to the shoreline extending from 
the waterline to the backshore, 15 m apart from each 
other (between 200 and 400 m2 depending on beach 
width). According to Williams et al. (1999), 85% of 
the number of debris species would thus be covered. 
As in other studies, debris concentrations were

expressed as integrated values per unit of beach front 
(e.g. Jones, 1995; Willoughby et al„ 1997; Debrot et 
al., 1999). This notation was selected as most suitable 
for intercomparison purposes since litter was general­
ly found unevenly distributed across the beach (most­
ly stranded and/or accumulated by wave action in the 
waterline). The upper few centimetres of the surface 
to be surveyed were raked to lift all semi-buried 
debris up to the surface and then sieved with a 1 mm 
mesh. Raked surfaces were measured and recorded in 
order to normalise the values obtained on all beaches.

Collected items were identified, classified, count­
ed and weighed. Two classification methods were 
used according to composition and origin (see 
Appendix). Wooden building waste and other wood 
products such as painted woods, boat pieces and 
bulky items were classified as wood debris, but tree 
trunks and branches constituted a separate classifica­
tion. Smoking-related activities were a group on their 
own given the large number of cigarette butts found.

To analyse temporal differences in debris abun­
dance, monthly measurements were earned out in 
Mallorca (zones 1-4) during the high tourist season 
(June to September). Additionally, a survey was 
undertaken during the low tourist season (April). All 
surveys were carried out early in the morning, 
before cleaning activities took place and tourists 
occupied the beach.

A multivariate statistical approach (Redundancy 
analysis, RDA; ter Braak et al., 2002) was used to test 
whether there were significant differences regarding 
the composition of debris between the three islands 
considered. Similarly, between-month differences and 
beach orientation differences were evaluated. RDA

T a b l e  1. -  Litter survey sites and codes as referred to in text and figures. Tire degree o f tourist occupation was obtained from the Ministry
of Environment.

Code Name Occup. Lat. (N) Lon. (E) C. Name Occup. Lat. (N) Lon. (E)

1 M agalluf High 39=30' 2°32' 17 Mesquida Medium 3 9 =5 5 - 4=17'
2 Covetes High 39°21' 2°58' 18 Binimel.la Low 40°03' 4°03'
3 Es Penyo High 3 9 0 3 3 . 2=41' 19 Binibeca Medium 3 9 =4 9 - 4=14'
4 Santanyi High 39°20' 3=09' 20 En Porter High 3 9 0 5 2 - 4°08'
5 Cala Millor High 39=36' 3°23' 21 Son Bou High 39=54' 4°04'
6 Son Moll High 39=42' 3°27' 22 Blanca High 39=58' 3°50'
7 Estany Mas High 39 o3 r 3=19' 23 Talamanca High 38°55' 1°27'
8 St. Pere Low 39=44' 3°16' 24 Sta. Eulalia High 38=59' 1°32'
9 Mesquida High 39=45' 3°26' 25 St. Vicenç High 3 9 =0 4 ' 1°35'
10 Llenaire High 39=54' 3°05' 26 Ca N a M artina High 38=59' 1=34'
11 Son Bauló High 39=45' 3°10' 27 Xarraca Low 39°06' 1°30'
12 Molins High 39=55' 3°03' 28 Salada Low 39°00' 1°18'
13 S oiler High 39=50' 2°46' 29 Es Torrent High 38°58' 1°16'
14 Canonge Low 39=42' 2°33' 30 Vedella Medium 38°55' 1°13'
15 Castell Medium 40°0E 4 ° i r 31 Ses Salines Medium 38°50' 1°23'
16 Es Grau Medium 3 9 0 5 7 . 4°16' 32 d 'Hort Medium 38=53' 1°13'
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can be considered the multivariate extension of uni­
variate analysis of variance (ANOVA). Prior to these 
inferential statistical analyses, conventional descrip­
tive multivariate analyses (principal components 
analyses, PC As) were completed. The PC As were 
intended to resume high-dimensionality data (i.e. 13 
categories of debris in 32 beaches) in a simpler (usu­
ally two-dimensional) space. The aim was to interpret 
major tends of similarities between sites and the 
major correlational patterns between abundances of 
types of debris. This descriptive approach has been 
successfully used in other beach litter studies (Tudor et 
al., 2002; Williams et al., 2003).

Both the PCAs and the RDAs were completed 
using CANOCO (ter Braak et al., 2002). All multi­
variate analyses focused on the relative composi­
tion of debris rather than on the absolute amount of 
items. Therefore, between-survey similarities were 
based on correlations rather than on variance- 
covariance (as in W illiams et al., 2003). 
Concerning RDA, multivariate data rarely meet the 
normality assumption needed to estimate the prob­
ability that the observed data may be obtained 
under the null hypothesis. Consequently, an inten­
sive permutation Monte Cardo approach was adopt­
ed. The specificities of the three hypotheses (i.e. 
differences between islands, orientation and sea­
sons) were emulated using the nested permutation 
capabilities of CANOCO (ter Braak et al., 2002).

100
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40

Menorca Mallorca Ibiza

B Other ■  Food left-overs

□ Cotton sticks □  Plastic pieces >2 cm
□ Wood pieces ■  Plastic pieces <2 cm
un Paper pieces □  Cigarette butts

Fio. 2. -  A, box plots o f the average number o f items per linear 
metre with associated standard deviations collected in Menorca, 
M allorca and Ibiza in July 2005. Upper boxes represent the 75% 
quartile, the lower ones the 25% quartile; B. most abundant items 
per beach surveyed in the three Balearic islands during July 2005.

RESULTS 

Litter abundance

The visual appearance of the beaches in the 
Balearics during the summer was generally good, 
since cleaning activities took place on a daily 
basis. The largest debris in size was in the vicinity 
of rubbish bins, which were usually full at the end 
of the day, and was mainly composed of beach 
mats and rubber floats. Stranded small sized items 
were most visible on the high water line and were 
usually mixed with remnants of the endemic sea- 
grass Posidonia oceanica.

A total amount of 10 kg and 11231 items were 
collected in the nine zones during the general sur­
vey in July. Mallorca, which is host to 80% of the 
population and 70% of the visitors, contributed 
54% of the total weight collected and 51% of the 
total number of item s.

A comparison of item average abundance between 
islands revealed clear similarities (Fig. 2A). In the 
case of Menorca, the difference between quartiles was 
the highest, particularly given the exteirt of the 25% 
quartile. This shows that the data (in number of items 
per linear metre) were skewed in this case, whereas in 
Mallorca they were symmetrical and in Ibiza the 75% 
quartile was slightly wider than the 25% oire. Higher 
litter contamination (132 items m_1 of beach front) was 
observed near densely populated urban areas (i.e. 
Palma >20000 inhabs. krrr2 and Ibiza >3800 iirhabs. 
km-2) and on geomorphologically constrained beach­
es. Conversely, cleaner beaches (i.e. 8 items m 1) gen­
erally corresponded to low-developed areas (i.e. Cala 
X anae a and Cala Mesquida) and to the most exposed 
beaches where wave action and currents may disperse 
debris. Figure 2B displays the items which were found 
in highest quantities on each island, with cigarette 
butts occupying the fust position. Small plastic frag­
ments were the secoird most frequent item, represeirt-
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F i g . 3. -  Monthly variation o f mean (±SD) number o f debris items 
(open circles) and percentage o f  hotel occupation for the 

corresponding date (squares). Data from CITTIB, 2005.

ing 16% of all objects collected in the nine zones. 
Most of these plastic items were highly fragmented 
and degraded, and thus hardly identifiable. Strong 
fragmentation of plastic litter is claimed to be indica­
tive of long retention time (Kusui et al., 2003).

The trends over time for Mallorca of item abun­
dance and hotel occupation (%) are depicted in 
Figure 3. Debris values ranged from the approxi­
mately 3000 items collected in the low tourist sea­
son to the more than 6000 items in August. The 
trend of hotel occupation, which can be considered 
as an indicator of tourist activity, paralleled debris 
abundance, suggesting a relationship between beach 
usage and alongshore abundance of debris. It should 
be noted that wintertime values did not correspond 
to rain periods when runoff could significantly 
increase debris inputs.

A comparison of the abundance and weight of 
debris in each of the nine zones of this study
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F ig . 4. -  Plot o f the principal component analysis of the temporal 
variability in beach litter abundance. The lines group the samples 

corresponding to tire same month.

T a b l e  2. -  Total debris abundance (number o f items and weight in 
grams) for July on the monitored beaches o f Mallorca (zones 1-4), 
M enorca (zones 5-6) and Ibiza (zones 7-9) normalised to one linear 

metre o f beach with their associated standard deviations (SD).

Zone No. of samples Items m 1 ±SD Weight (g n r 1) ±SD.

1 4 59±50 33±27
2 4 36±17 27±12
3 4 25±15 29±14
4 3 39±28 75 ±62
5 4 17±4 26±8
6 4 44±4 30±9
7 4 37±15 37±19
8 3 35±27 21  ±20
9 3 29±6 18±8

(Table 2) showed that most items were collected in 
the south and east of Mallorca (zones 1 and 2). 
This area included Palma, the most populated city 
where more than 48% of the island’s population is 
concentrated (source: IB AE). The northern coast 
of Menorca (zone 5) had the lowest number of 
items, but large objects were found in this area, so 
it did not contain the lowest weight of debris (26 g 
m 1). Summer debris abundances in Mallorca were 
double those in the low tourist season (38±12 
items nr in summer) but values of weights were 
considerably higher in winter. This difference in 
weight was explained by the abundant large rem ­
nants of natural wood found in winter.

Multivariate statistical analysis (RDA) did not 
reveal significant differences between the four zones 
of Mallorca, or between the nine zones of the archi­
pelago (P>0.05). Thus, there was no change in the 
pattern of the presence of debris from one island to 
another and the geographic orientation among zones 
did not influence this pattern either. In contrast, sta­
tistically significant differences were found between 
months (P<0.05). These differences were visualised 
in the PC A plot (Fig. 4), which showed a temporal 
pattern in the relative composition of beach debris 
(number of items per group). A high variation in this 
factor was indicated by the irregular shape of the 
surface for each month in the plot, generated by the 
distribution of the different groups. The groups of 
items considered for completing these analyses arc 
listed in Table 3.

Litter composition

The relative abundance of the different types of 
debris for Mallorca in 2005 is displayed in Figure 5. 
Debris was generally composed of small fragments 
(<5 cm) and only occasionally (1% of the total items)
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T a b l e  3. -  Groups of items selected for the multivariate analyses.

Group Items included

Drinking
Food
Users (left items)
Personal hygiene/medical items (sewage)
Smoking
Fishing
Building
Dead animals or remains 
Styrofoam 
Plastic pieces 
Natural wood 
Processed wood 
Plastic bags

Bottles, cups, straws, tins, bottle rings, tops, glass fragments 
Food leftovers, wrappers, cutlery, toothpicks, ice and sweets sticks
Shoes, newspapers, clothing labels and items, recently used batteries, coins, balloons, medicines
Cotton bud sticks, hygienic towels, tampons and applicators
Cigarette butts, tobacco packets, lighters
Pieces o f net, fishing gear, rope, pieces o f cork
Concrete fragments, metal cables, tubes, pipe fragments
Egg shells, bones, dead animals
Pieces o f white plastic boxes
Unidentified pieces of plastic
Branches or trunks
Pieces o f boats, placards, signs

large items were observed (bricks, bodice, pieces of 
wood). In wintertime, when there were few beachgo- 
ers, debris was mainly composed of pieces of plastic. 
Cotton bud sticks, found on most of the beaches, were 
the most abundant item within the plastics, and were 
particularly numerous in some areas (e.g. Es Penyd 
beach), where up to 42 items nr were counted. 
Cigarette butts were frequent (5 items m 1), although 
markedly less than in summer (17 items m 1).

Generally, debris composition was more heteroge­
neously distributed in the summertime, when there 
was also a wider variety of items. The dominant group 
in the high tourist season (i.e. ‘Other’) included mate­
rials of heterogeneous nature (cigarette butts, batteries, 
building fragments). Amongst these, cigarette butts 
were the most frequently observed items (56% of the 
group), with occurrences on all sampled beaches. 
Maximum butt densities (up to 68 items m 1) were 
observed on an urban beach located on the eastern 
coast of Mallorca. Wood debris, although comprising 
75% the weight of debris in the wintertime, only 
accounted for 2.8% of the number of objects. Despite 
scavengers (principally seagulls) feeding on leftovers, 
the abundance of rapidly degrading material such as

80

60 

g  40 

20 

0

F ig . 5. -  Fitter composition in low and high tourist season. 
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organic matter was significant. This type of litter 
accounted for up to 5.5% of number of items in sum­
mer. Scarcely degraded paper items such as tickets, 
napkins and wrappers from nearby shops and bars 
were also frequent.

A further PCA analysis was performed to distrib­
ute the surveyed beaches along the same axis 
according to the groups of items collected on them 
(refer to Table 3), in order to identify the existence 
of any clustering pattern (Fig. 6). Figure 6A presents 
an outlier (no. 14) corresponding to a cobble beach 
located on the north coast of Mallorca which was 
relatively unfrequented due to access difficulties. 
The analysis also revealed a small group of three 
beaches (nos. 3 ,8  and 13), all in Mallorca, which are 
close to urban centres. A second cluster included 
beaches 6 ,9 ,1 2 ,1 8 ,2 2  and 27, which arc all but one 
facing north, and were characterised by the number 
of smoking items (mainly cigarette butts) and pieces 
of plastic. The rest of the beaches were placed close 
to the zero point, and there was no significant dif­
ference among them with respect to the number and 
types of items collected. Thus, as followed from the 
initial statistical results, there were no sharp differ­
ences between the beaches.

The correlational plot among items (Fig. 6B) 
indicated that there were some groups that had a dif­
ferent distribution to others, and these were hence 
separated. For instance, dead animals, plastic bags 
and Styrofoam were not found on all beaches, and 
when they were, only a few items were collected. 
Another group on its own was building material, 
which only occurred in areas that were close to con­
struction sites or on recently renewed sites, and 
included pieces of bricks or plastic tubes. Pieces of 
plastic were numerous on all beaches, ranging from 
0.3 to 37 items m 1. Food leftovers, items left by
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beach users and toilet debris (related to sewage sys­
tems) were grouped together, which can be 
explained by the high number of visitors occurring 
on those beaches close to urban centres, which usu­
ally have sewers nearby. Processed wood and fish­
ing litter were together with smoking-related items, 
even though the latter was the most abundant group 
on almost all beaches. The values for the smoking 
group ranged from 1 item m_1 on beach 14 to 46 
items m_1 on a highly visited beach close to Palma 
(beach 3).

Estimated origin

The main type of debris collected during the 
high season (43.8%) on the sampled beaches of

60
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77OX
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0

F ig . 7. -  Estimated origin o f the litter collected in low and high 
tourist season.

Mallorca was attributed to the smoking group (see 
Fig. 7), composed not only of cigarette butts but 
also of the plastics that wrap the packets, lighters, 
matches and empty packets. A secondary source 
(41.1%) included activities on the shore or recre­
ational activities. Other sources were significantly 
lower (between 0.2 and 4.9%) and, strikingly, natu­
ral marine debris accounted for only 0.2% 
(.Posidonia oceanica leaves which can be occasion­
ally significant were disregarded). This type of 
debris was mainly represented by bones of Sepia 
officinalis, which has its reproductive cycle from 
spring to late July, after which it dies (Guerra, 
1992). Within the group personal hygiene/medical 
items (4.1%), on certain beaches there was a great 
abundance of cotton bud sticks, which have been 
related to sewage systems (Velander et al., 1998; 
Ribic, 1998). This kind of debris notably became 
the most abundant litter source in winter. The activ­
ities on the shore were still important, at almost 
31%, and their contribution in weight (49%) was 
particularly high. Wood items of terrestrial origin, 
although low in number (1%), constituted the most 
important source in weight during winter.

DISCUSSION AND CONCLUSIONS

Though beach litter levels are not critical on the 
Balearic Islands, they are of great concern to local 
authorities, particularly during the summer months 
when tourist occupation is highest. This is because 
cleanliness is recognised as the most important factor 
in influencing choice of beach, especially for foreign 
tourists (Ballance et al., 2000). Additionally, the per­
ception of the quality of the Balearic Islands as a des-
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filiation is mirrored by the environmental state of the 
beaches and beach cleaning implies costly economic 
efforts. In this study, the main source of high season 
debris in the Balearics was due to direct inputs by 
beach-users, who generate more than 80% of what is 
collected on the shore (waste from activities on the 
shore or recreational and smoking debris). This result 
is supported both by the temporal trend of litter abun­
dance, which follows that of tourist occupation, and 
by the litter type which, with some exceptions (i.e. 
small plastic pieces), suggests a recent and land-based 
origin related to recreational activities.

As expected, strong similarities in litter abun­
dance among the different areas or islands were 
observed since the majority of the coasts of the 
archipelago are devoted to the tourist/recreational 
sector and beachgoers carry out comparable activi­
ties. An exception was beach 14 (Port des Canonge) 
where both litter abundance and relative composi­
tion were different as revealed by PC A analysis. The 
differences from the other beaches in litter abun­
dance were attributed to the lower fréquentation of 
this beach due to access difficulties and the users’ 
preference for sandy beaches. However, these two 
factors did not explain the differences in litter com­
position. Explanations for these differences arc a 
difference in substrate composition (boulder and 
cobble on beach no. 14), which allows deep pene­
tration of small objects; the low number of nearby 
tourist facilities such as restaurants and shops, and 
the fact that mechanical beach cleaning is impossi­
ble. Indeed, Williams and Tudor (2001) highlight the 
importance of burial and disinterment on cobble 
beaches, in particular of small sized items.

Comparisons with other studies in the literature 
are difficult because of different sampling strategies. 
For example, visual counts arc known to underesti­
mate the amount of small plastic particles (Kusui et 
al., 2003). In spite of these caveats, average summer 
abundances in our study (31 items m 1) were very 
similar to the values reported for other Spanish beach­
es (33 items n r1; Gabrielides et al., 1991) but higher 
than the values observed at other Mediterranean loca­
tions (e.g. Golik et al., 1992). These latter differences 
could be attributed, among other reasons, to the prox­
imity to populated arcas. The quantity of litter on a 
beach is inversely related to its geographical distance 
from population centres and directly related to the 
number of visitors frequenting it (Gabrielides et al., 
1991). The highest amounts of debris in this survey 
were collected on beaches close to Palma city which

arc reachable either on foot or by metropolitan trans­
port. These arcas are subject to a more intensive use 
since beach physical and social carrying capacities 
arc strongly influenced by access. The former teim 
refers to the number of individuals a beach can phys­
ically accommodate, whereas the latter is associated 
with the concentration of individuals—crowding per­
ception (da Silva, 2002). Nevertheless, although the 
abundance of debris in this study was higher in arcas 
close to population nuclei, there was no significant 
correlation between abundance and proximity to 
urban centres, suggesting that factors influencing 
nearshore currents such as beach geomorphology and 
predominant wind/wave direction may regulate beach 
pollution (Basterretxea et al., 2004). This was also 
indicated by PCA analysis based on the relative com­
position of the collected debris, in which enclosed 
beaches were grouped together. Environmental fac­
tors—particularly wind forcing—have been reported 
to be of major importance in regulating litter abun­
dance in previous studies on islands (e.g. Corbin et 
al., 1993; Debrot et al., 1999; Orfila et al., 2005) and 
explain both the differences in litter amounts 
observed on nearby beaches and the accumulation in 
certain beach sectors.

In most studies all over the world, debris is domi­
nated by plastics. In a review of plastic debris, 
Derraik (2002) reported values between 32 and 90% 
of debris items represented by plastics. In the current 
study of the Balearics, the most important high season 
debris is under the category ‘Other’ (45%), which 
includes cigarette butts, the most frequently observed 
item in the Balearic beaches, and plastic is only sec­
ond in importance (36%). Sociological aspects such 
as beach-user perception should be considered in 
order to understand these discrepancies. Unlike plas­
tic objects, cigarette butts arc not viewed as a major 
threat to the environment by smokers and arc com­
monly buried in the sand. The relationship between 
plastic and smoking objects reverses in low season 
when, owing to the decrease in beach users, smoking 
objects decline considerably and plastics become pre­
dominant, accounting for up to 67% of the objects. 
This variation is accompanied by a change in the ori­
gin. The majority of plastic items found in high sea­
son originated from recreational activities, whereas 
low season objects were related to personal 
hygiene/medical items, possibly reaching the shore 
through drainage systems.

In the present study, PCA techniques revealed 
that most of the variability is explained by those
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groups of objects related to beach users. These 
observations are consistent with results of Tudor et 
al. (2002) who, also using PCA analysis, reported a 
beach-user source of debris found in the 
Mediterranean which is similar to litter pollution 
characteristics in other tourist locations around the 
world (e.g. the USA). These beaches, popular for 
recreation (and tourism), are typically marked by 
cigarette butts and other smokers’ materials, plastic 
fragments, papers and food leftovers. Small differ­
ences such as increases in wood or cotton sticks may 
be due to local anomalies.

Locally generated litter is important in the 
Balearic Islands, where beachgoers in summer and 
drainage systems in winter arc the main litter 
sources. Unlike other countries, where ships make a 
significant contribution to beach litter (e.g. 
Rodriguez-Santos et al., 2005), less than 1% of the 
items collected showed evident signs of exposure to 
the sea. Some of the labels (approximately 1%) that 
were identified suggested foreign origins, mostly 
from surrounding countries such as France, Algeria 
and Morocco (although Korean and Greek items 
were also found). The Balearic Islands are in the 
path of large cargo, fishing and cruise vessels which 
can generate a portion of this litter. Additionally, 
inputs from leisure boats can also be important. The 
relative contribution of these sources and the paths 
which floating objects follow transported by wind 
and currents until they arc stranded on the Balearic 
beaches still remain to be clarified.
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5. Paper 6 . Metal
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