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Distribution of Anthropogenic and Natural
Debris on the Mainland Shelf of the
Southern California Bight

ABSTRACT

arious studies have been conducted to
‘ /- quantify the types and amounts of debris

found along beaches; however, little infor-
mation has been compiled about the distribution of
debris on the seafloor. This study describes the
distribution, types, and amounts of benthic marine
debris found on the mainland shelf of the Southern
California Bight (SCB) using trawl data collected
from a regional survey conducted in July and August

of 1994, Trawl samples were collected at 113

randomly selected stations from Point Conception,
California, to the United States-Mexico international
border at depths of 10 to 200 m. Anthropogenic
debris was most common in the central (urbanized)
region, on the outer shelf, and in areas near publicly
owned treatment works (POTWSs). Fishing gear was
the most common type of anthropogenic debris in
the central region and in the outer shelf zone,
whereas glass bottles and plastic were most common

in POTW areas, Natural debris,
primarily marine vegetation
(from nearshore reefs) and
terrestrial vegetation (a marker
for stormwater runoff), was
more common close to shore in
the inner shelf zone than anthro-
pogenic debris, The deeper
distribution of anthropogenic
debris relative to natural debris,
as well as the types of debris
(i.e., fishing gear and plastic),
suggest that the primary source
of anthropogenic debris is
marine vessel and fishing

Shelly L. Moore and M. James Allen

INTRODUCTION

Marine debris is a focal point for public concern
and a visible expression of human impact on the marine
environment. In the last few decades, marine debris has
been recognized as an indicator of pollution that poses
risks to marine organisms via entanglement and inges-
tion. Many organizations, such as the Center for Marine
Conservation, are currently collecting and analyzing
beach debris data as a means to inform the public of
this growing problem (Ribic et al. 1997). -

Although marine debris has become the focus of an
increasing number of studies, most address only the
types and distribution of anthropogenic debris found on
coasta] beaches (MBC 1988, Ribic et «l. 1997, SMBRP
1998). While a limited number of studies have focused
on floating debris surveyed from ships {(Baba and Kiyota
1994, Matsumura and Nasu 1997), very
few have examined the types and distribu-
tion of marine debris on the seafloor (June
1990, Golik 1997).

Here we present the first study of debris
on the seafloor of the SCB. The objectives
of this study (which was part of a regional
trawl survey of demersal fishes and
megabenthic invertebrates (Allen et
al.1998)), were (1) to assess the distribu-
tion, types, and amounts of both anthrepo-
genic and natural {marine and terrestrial)
debris on the seafloor of the mainland shelf
of the SCB in 1994, and (2) to provide a
baseline for future comparisons.

activity rather than stormwater
runoff,
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METHODS

Seafloor debris was surveyed in July and August of
1994 at 113 trawl stations located on the mainland shelf
of the SCB from Point Conception, California, to the
United States-Mexico international border at depths of
10 to 200 m (Figure 1). Trawl sites were selected using a
stratified random design, with strata defined by three
subpopulation categories: depth — inner shelf (10-25
m), middle shelf (26-100 m), and outer shelf (101-200
m); location — northern region (Point Conception to

FIGURE 1. Stations sampied by trawl in the
regional survey of the mainland shelf of
southern California at depths of 10-200 m,
July to August 1994,
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Point Dume}, central region (Point Dume to Dana
Point), and southern region (Dana Point to the United
States-Mexico international border); and proximity to
POTW monitoring areas (Stevens 1997, Allen et al,
1998).

Trawl sampling was conducted using standardized
methods described in the field operations manual
prepared by the Southern California Bight Pilot Project
{(SCBPP 1994). Trawl samples were collected with 7.6-
m head-rope and 8.8-m foot-rope semiballoon otter
trawls with a 1.25-cm cod-end mesh. Otter boards were
76.2 cm wide and 40.8 cm tall, and bridles were 22.9m
long. Deviations within 10% of these dimensions were
acccptaBle. Trawls were towed along isobaths for 10 min
at 0.8-1.2 m/sec (1.5-2.4 kn). Debris was categorized
into 13 predetermined types of anthropogenic and
natural debris: plastic; metal; paper; medical waste;
cans; glass bottles; fishing gear; tires; modified wood;
terrestrial vegetation (twigs, branches, leaves, and
uprooted plants); marine vegetation (drift algae, kelp,
and seagrasses); rocks; and other debris. Debris in each
category was then counted and placed into one of four

categories based upon numerical classification: trace (1
item); low (2-10 items); moderate (11-100 items); and
high (>100 items). Debris was also weighed and placed
into four categories by weight: trace (0.0-0.1 kg); low
{0.2-1.0 kg); moderate (1.1-10.0 kg); and high (>10.0
kg).

Data analysis was focused upon determining the
spatial coverage (percentage of area) of the different
debris types on the mainland shelf as a whole and by
subpopulation. Spatial coverage was calculated using a

ratio estimator (Thompson 1992, Stevens 1997, Allen
et al. 1998). Debris data were expressed as values per
standard 10-min trawl haul (representing approxi-
mately 2,944 m? of seafloor) (Alien er al. 1998). The
spatial coverage of a debris type in a subpopulation
was defined as the occurrence of a debris type in a
standard trawl haui collected at stations representing a
given percent of the total subpopulation area,

RESULTS

Anthropogenic Debris
Anthropogenic debris occurred on approximately
14% of the mainland shelf of the SCB (Figure 2).
Fishing gear had the largest spatial coverage, followed
by plastic, metal, and other debris (shoe soles and
automobile parts) (Table 1). All of these categories
occurred primarily in trace numerical and weight
densities (Tables 2 and 3). However, glass bottles and
metal debris occurred most commonly at low weight
densities.
The distribution and spatial coverage of anthropo-
genic debris varied by region, depth, and proximity to

FIGURE 2. Percent of area with natural and

" anthropagenic debris in the regional survey of the
mainland shelf of southern California at depths of
10-200 m by subpopulation, July to August 1994,
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POTWs (Figure 2). Regionally, the TABLE 1,

percent of area where debris oc-
curred was highest in the central

Spatial coverage by subpopulation of debris types collected in
the regional trawl survey of the mainland shelf of southern California depths
of 10-200 m, July to August 1994,

region, followed by the southern and
northern regions. Bathymetrically,

the percent of area where debris
occurred increased with increasing
depth (inner shelf; middle shelf; and
outer shelf). Anthropogenic debris
occurred over more area in middle
shelf POTW areas and less area in
non-POTW areas,

The types of anthropogenic
debris also varied by region, depth,
and proximity to POTWs (Tables |
and 4). Regionally, fishing gear and
plastic were the most common types
of debris found in the central region,
whereas metal, plastic, and cans
were the most common types of
debris found in the southern region;
only modified wood occurred in the

northern region (Table 1). Bathy-
metrically, the most commeon types

Percent of Area
Region __Shelf Depth Zone Entire
Calegory N C S IS MS OS SCB
Anthropogenic debris .
Fishing gear - 8 - 4 4 9 B
Plastic - 8 5 - 2 9 3
Metal debris - 3 9 4 4 - 3
Other - 9 2 - 4 4 3
Glass bottles - 5 4 - 2 4 2
Maodified wood 2 2 3 4 - 6 2
Cans - 2 5 - 2 4 2
Natural debris
Marine vegetation 59 60 54 70 83 34 58
Terrastrial vegetation 8 8 7 16 25 25 23
Benthic debris 20 - 2 4 14 9 11
Rocks 5 5 5 - 4 13 5
Cverall 80 €8 71 72 82 59 75
N = Northem,
C = Central.
§ = Southemn.
IS = Inner Sheif.
MS = Middle shelf.
0OS = Outer shelf.
8SCB = Southemn California Bight.

of debris found in each zone are as

follows: fishing gear, plastic, and modified wood on the
outer shelf zone; fishing gear and metal debris on the
middle shelf zone; and fishing gear, metal debris, and
modified wood on the inner shelf zone (Table 1). On the
middle shelf, glass bottles, plastic, and cans occurred
exclusively in areas near POTWs (Table 4). The spatial
coverage of fishing gear and metal debris was slightly

" higher in POTW areas than in non-POTW areas (Table
4). Fishing gear was found primarily in the Redondo
Canyon area and eastern San Pedro Shelf. Glass bottles
and cans were found near Redondo Canyon, Oceanside,
and off Point Loma.

Natural Debris

Overall, natural debris was more widespread
than anthropogenic debris, occurring on 73% of the
mainland shelf (Figures 2 and 3). Marine vegetation was
the most commonly occurring natural debris overall and
in all subpopulations on the mainland shelf of the SCB
{Figure 4), followed by terrestrial vegetation, benthic
debris (worm tubes and shells), and rocks. Spatial
coverage was highest for debris with low numerical
densities, followed by those with trace, moderate, and
finally high numerical densities (Table 2). The spatial
coverage of marine and terrestrial vegetation was highest
at trace weight densities and decreased with increasing

weight (Table 3). Benthic debris was equaily common at
trace and low weight densities and decreased at moder-
ate weight densities. However, rocks were found in a
higher percentage of area at high and low weight densi-

ties than at moderate weight densities.

Natural debris also varied in spatial coverage by
depth, region, and proximity to POTWs, but differed
from the pattern of variation found in anthropogenic
debris (Figure 2). Spatial coverage for natural debris
ranged from 36% in middle shelf POTW areas to 80%
in the northern region. Regionally, the percent of spatial
coverage was higher in the northern region than in the
southern and central regions. Bathymetrically, natural
debris covered a higher percentage of area on the middle
shelf zone, followed by the inner shelf and outer shelf
zones. Spatial coverage for natural debris was higher in
non-POTW areas than in POTW areas.

The types of natural debris also varied by
region, depth, and proximity to POTWs (Tables 1 and
4). Marine vegetation was most widely distributed on the
inner shelf and middle shelf non-POTW areas and least
widely distributed on the outer shelf and middle shelf
POTW areas. Regionally, marine vegetation was nearly
equally distributed among all subpopulations (Table 1).
Terrestrial vegetation occurred most commonly in the
northern region, middle and outer shelf zones, and non-
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TABLE 2. Spatial coverage of abundance categories by debris types found on the outer shelf (fishing
collacted in the regional trawl survey of the malnland sheif of southern

ear and plastic)—suggest that
Californla at depths of 10-200 m, July to August 199_4. gear and p ¢)—suggest tha

the source of this debris is the

Percent of Area n SCB fhsposal of trash and incidental
No. of - items from boats. .
~ Category Stations T L M H An alternative hypothesis is that
Anthropogenic debris most of the anthropogenic debris
E’g;‘{l'g gear g ; 1 : : in the outer shelf zone originates
Other 3 - 3 - - from urban runoff that is washed
gieatgl %%tt)tﬂass : g o - ) offshore by the high currents
godi jed wood g ; 1 - - associated with stormwater
ans events. Approximatelyl3 mt of
Natural debris a ic debri
Marine vegetation 61 18 3 5 1 r.lthropogemc ebris was
Terrestrial vagetation 21 8 12 5 - discharged by stormwater from
Benthic debris 9 2 5 2 1 Ballona Creek into Santa -
Rocks 8 1 3 0 - ] . .
Monica Bay in a single storm
Overall &0 40 60 13 5 event in 1997 (SMBRP 1998; J.
Woodson, Los Angeles County
T = Trace (1 item). Department of Beaches and
L = Low {2-10 items). Harbors, Planning Division,
M = Moderate (11-100 items). : ;
H = High {>100 items). Los Angeles, CA, pers. comm,,
SCB = Southern Callfornia Bight. 1998). Approximately 4,036 mt
of litter was collected each year
from 1988 to 1996 on beaches
POTW areas. Terrestrial vegetation was least commeon from the Ventura-Los Angeles county line to San Pedro
in the southern region and inner shelf zone and was by the Los Angeles County Department of Beaches and

completely absent from POTW areas (Tables 1 and 4). Harbors (SMBRP 1998). However, this alternative
Benthic debris occurred mostly in the northern region,

middle shelf zone, and non-POTW areas; it was absent

in the central region and POTW areas.

Rocks were most widely distributed on TABLE 3. Spatial coverage of weight categorles by debris types

the outer shelf. were absent on the collected in the regional trawl survey of the mainland shelf of southern
H

, i - A ,
inner shelf, and were generally equally California at depths of 10-200 m, July to August 1994,

distributed among all other subpopula- )
. : Percent of Area in SCB
tions. - No. of
Category Stations T L M H
Anlh;_o;:}t:ganic debris
ishing gear 6 3 2 - -
DISCUSSION . . Plastic 5 2 1 4 -
Anthropogenic debris was not Other 3 2 0 1 -
widespread on the mginland shelf, but g;‘:; zz’t’t'ifs 2 3 % ! :
was relatively common in the central I\cﬂodiﬁed wood g ; 1 - -
region, outer shelf zone, and POTW ans ) ) )
Fi s 2 and 3). The higher Natural debis .
areas ( lgur.e ) . g Marine vegetation &1 30 19 7 2
occurrence in the central region (and gerrehsitrial vegetalion 21 18 5 3 .
; : enthic debris 9 5 ] 1 -
southern.re.glon) can be attnbl}ted to Rooks B 0 5 1 >
the proximity of large population
centers in these are.as (e.g., Los‘ Overall a0 61 a7 13 4
Angeles and San Diego). The higher
frequency of anthropogenic debris on I;Iw ?O(gg-g?(g';g)
the outer shelf relative to the inner ﬂ=mo#?ra1tg I((1.)1-10 kg).
3 = High (>10 kg).
shelf—as well as the types of debris SCB = Southem California Bight.
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TABLE 4. Spatial coverage by publicly owned
traatment work {POTW) subpopulation of debris
types collected in the regfonal trawl survey of the
mainland shelf of southern California at depths of

10-200 m, July to August 1994,

Petcerit of Area
on Middle Shelf

Catagory : P NP
Anthropogenlc debris
Fishing gear 3 2
Plastic 10 -
Metal debris 3 2
Other 3 2
Glass bollies 10 -
Modified wood - -
Cans 7 -
Natural debris
- Marine vegelalion 32 48
Terrastrial vegelation - 21
Benthic debris - i2
Rocks 3 2
Overall 45 62

P = POTW monitoring area.
NP = Non-POTW monitoring area.

hypothesis appears to be unlikely because of the dispar-
ity in spatial distribution between natural and anthropo-
genic debris. If urban runoff was primarily responsible
for the distribution of anthropogenic debris, its distribu-
tion would be more similar to that of terrestrial vegeta-
tion, which comes from a stormwater source.

The types of anthropogenic debris (glass bottles,
cans, and plastic) found in areas near POTWs offer
additional evidence that marine vessels are a primary
source of offshere anthropogenic debris. Glass bottles
and cans, which were prevalent ncar POTW outfalls, are

FIGURE 3. Distribution of anthropogenic and natural
debris in the regional survey of the mainland shelf of
southern California at depths of 10-200 m, July to August
1094,

o us.Mence

too large to pass through the screens covering POTW
outfall pipes and thus could not be discharged from this
source. However, because these outfall pipes are cssen-
tially artificial reefs, they are popular fishing spots for
recreational anglers. The disposal of trash (bottles and
cans) and incidental items from fishing boats is the
likely source of these types of anthropogenic debris in
POTW outfall areas,

FIGURE 4. Distribution of marine vegetation, terrestrial
vegetation, and rocks in the regional survey of the main-
tand shelf of southern California at depths of 10-200 m,

July to August 1994.

Marina Vegolwtion and Rodts San
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In contrast to anthropogenic debris, natural
debris was most common in the northern region, on the
middie and inner shelf zones, and on the middle shelf
zone in non-POTW areas (Figures 2 and 3). The more
frequent occurrence in the northern (rural) region may
be due to the increased availability of marine and
terrestrial vegetation in this area. Although the primary
reason for describing the occurrence of natural debris in
this study was to provide a marker for nearshore sources
(e.g., stormwater runoff and nearshore recfs), an addi-
tional purpose was served because natural debris (par-
ticularly of marine vegetation) is an important micro-
habitat for juvenile fishes on sediment bottoms (Allen
and Franklin 1988, Allen and Herbinson 1991). This
study is the first to estimate the potential spatial coverage
(73%) of natural debris, and hence of this microhabitat,
on the mainland shelf of southern California. Because nc
historical data are available from the mainland shelf of
the SCB for assessing trends in anthropogenic or natural
debris, this study provides baseline information for
future comparisons.
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