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CAULERPA CONTROL PROTOCOL (Version 2.1 - March 6, 2006)  

A. Background Information:  

Caulerpa taxifolia (“Caulerpa”) is a green alga native to tropical waters that typically grows in 
limited patches.  A particularly cold tolerant clone (tolerant of temperatures at least as low as 
10 °C for a period of three months) of this species has already proven to be highly invasive in 
the Mediterranean Sea and efforts to control its spread have been unsuccessful. In areas where 
the species has become well established, it has caused ecological and economic devastation by 
overgrowing and eliminating native seaweeds, seagrasses, reefs, and other communities. In the 
Mediterranean, it is reported to have harmed tourism and pleasure boating, devastated 
recreational diving, and had a significant impact on commercial fishing both by altering the 
distribution of fish as well as creating a considerable impediment to net fisheries.  Currently, C. 
taxifolia has been detected in two locations in southern California and other infestations of 
Caulerpa species may also exist but remain undetected.    

This alga and potentially other Caulerpa species pose a substantial threat to marine ecosystems 
in California, particularly to the extensive eelgrass meadows and other benthic environments 
that make coastal waters such a rich and productive environment. The eelgrass beds and other 
coastal resources that could be directly impacted by an invasion of Caulerpa are part of a food 
web that is critical to the survival of numerous native marine species including those of 
commercial and recreational importance.  

In September 2001, Assembly Bill 1334 was enacted by the State of California banning the 
transport, sale, and possession of nine potentially invasive species of Caulerpa, including C. 
taxifolia. The other species include C. mexicana, C. racemosa, C. cupressoides, C. 
sertularioides, C. ashmeadii, C. floridana, C. scalpelliformis, and C. verticillata. In order to 
detect existing infestations as well as avoid the spread of these invasive species within other 
systems, the following provisions have been established for California nearshore coastal and 
enclosed bays, estuaries, and harbors from Morro Bay to the U.S./Mexican border. This protocol 
outlines the certification, survey, and reporting guidelines required when surveying for the 
species listed above.  

 
B. Definitions:  

Disturbing Activity – a work activity (i.e., bulkhead repair, pile driving, dredging,  
placement of navigation aids, etc.) initiated by a permit holder which could  
fragment or disseminate Caulerpa.  

Area of Potential Effect (APE) – the area surrounding an authorized project site that  
could be affected by a Disturbing Activity related to the implementation of the  
project work. This includes the project footprint, areas where equipment is stored  
or moored, areas where vessel prop-wash could occur in association with work, or  
in-water disposal areas used by the project.  It does not include EPA designated  
deep-ocean disposal sites.  



High Growth Period – March 1 to October 31.  

Infected System – any bay, harbor, estuary, or lagoon in which Caulerpa has been 
identified, regardless of where the infestation occurs geographically within the 
system.  Following eradication and subsequent verification surveillance for at least 
two High Growth Periods, an Infected System may be re-designated as a “Caulerpa-
Free System” by the National Marine Fisheries Service (NOAA Fisheries) and 
California Department of Fish and Game (CDFG). Currently identified infected 
systems are: Agua Hedionda Lagoon Huntington Harbour (including Seal Beach 
Weapons Station/National Wildlife Refuge and Anaheim Bay)  

NOAA Fisheries/CDFG Contacts – the designated federal and state agency contacts for 
submittal of survey reports and reports of Caulerpa findings.  All submitted 
material must be provided to these agencies at the following addresses:  

National Marine Fisheries Service Calif. Dept. of Fish & Game  
Southwest Regional Office South Coast Region  
501 West Ocean Boulevard, Suite 4200 4949 Viewridge Drive 
Long Beach, CA 90802 San Diego, CA 92124 
Attn: Robert Hoffman Attn: William Paznokas 
ph.: (562) 980-4043 ph.: (858) 467-4218 
fx.: (562) 980-4092 fx.: (858) 467-4299 e-mail: 
Bob.Hoffman@noaa.gov e-mail: wpaznokas@dfg.ca.gov  

Survey Area – the area over which surveys are conducted, typically synonymous with the 
Area of Potential Effect.  

Survey Level – the level of intensity of the survey within the survey area. Survey levels are 
defined as either:  

1) Surveillance Level – General survey coverage providing a systematic sub-
sampling of the entire APE during which at least 20% of the bottom is inspected 
and widespread occurrences of Caulerpa would be expected to be identified if 
present. Surveys may be accomplished using diver transects, remote cameras, 
and acoustic surveys with visual ground truthing.  Other proposed methodologies 
may be approved on a case-by-case basis by NOAA Fisheries and CDFG.  

2) High Intensity Level– More intensive survey using a systematic sub-sampling of 
the entire APE during which at least 50% of the bottom is inspected. Surveys may 
be accomplished using diver or remote camera transects.  Other proposed 
methodologies may be approved on a case-by-case basis by NOAA Fisheries and 
CDFG.  



3) Eradication Level – This is the most intensive survey using a systematic and 
comprehensive survey of the entire APE during which 100% of the bottom is 
inspected. Surveys must be accomplished using divers moving at a rate appropriate 
to the site conditions to ensure that all areas are comprehensively searched 
irrespective of site conditions which may complicate surveys. Other proposed 
methodologies may be approved on a case-by-case basis by NOAA Fisheries and 
CDFG.  

Surveyors – Individuals conducting Caulerpa surveys must be certified by NOAA Fisheries or 
CDFG. That certification shall consist of passing an exam demonstrating their ability to 
identify banned Caulerpa species in the State of California. Upon successfully passing 
that exam, individuals shall be certified for a set two-year period beginning December 1, 
2004 and expiring on December 1, 2006. Recertification may be completed up to 120 
days prior to expiration of current certification. Any individual who fails the exam may 
retake the exam once within a six month period.    

 
C.  Reporting Requirements:  

1. Surveys conducted in accordance with requirements outlined in this document shall be 
submitted to the NOAA Fisheries/CDFG Contacts within 15 days of completion of each 
survey.  Surveys shall be completed by certified Caulerpa surveyors and submitted on the 
attached survey form or in a suitable reproduction of the form fields.    

2. If Caulerpa is identified at a permitted project site during a survey or at any other time 
prior, during, or within 120 days after completion of authorized activities, the NOAA 
Fisheries/CDFG Contacts shall be contacted within 24 hours of first noting the 
occurrence.  

3. For survey actions requiring input or coordination with NOAA Fisheries/CDFG Contacts, 
please provide information in a timely fashion and allow at least 5 working days for 
agency coordination and feedback.  

 
 
D.  Surveys within Caulerpa-Free System:  

The following survey conditions shall apply to permitted Disturbing Activity within 
Caulerpa-Free Systems.  

1.  Prior to initiation of any permitted Disturbing Activity , a pre-construction survey of the 
project APE shall be conducted to determine the presence or absence of Caulerpa. This 
survey shall be conducted at a Surveillance Level.  Survey work shall be completed not 
earlier than 90 days prior to the Disturbing Activity and not later than 30 days prior to the 
Disturbing Activity and shall be completed, to the extent feasible, during the high growth 
period of March 1 – October 31.  Surveys outside of the high growth period shall be 
allowed on a case-by-case basis by the appropriate regulatory agency in consultation with 
NMFS and CDFG.  

2.  In the event that Caulerpa is detected, the Disturbing Activity shall not be conducted until 
such time as the infestation has been isolated, treated or the risk of spread from the 
proposed Disturbing Activity is eliminated in accordance with section F.  



3.  Exemptions – Individual, privately owned boat docks and related structures are exempt 
from provisions 1 and 2 of this section when such facilities are found in Caulerpa-Free 
Systems and permitted activities are limited to structural repairs, replacement, 
modification, and pile driving and do not include dredging or other significant bottom 
disturbing activities.  

 
 
E.  Surveys within Infected Systems:  

The following survey conditions shall apply to permitted Disturbing Activity within 
Infected Systems.  

1. Prior to initiation of any permitted Disturbing Activity within an Infected System, two 
surveys, initiated not less than 60 days apart, shall be conducted within the project APE 
during the High Growth Period. The first survey shall be conducted using High Intensity 
Level techniques and the second survey shall be conducted using Eradication Area Level 
techniques.  

2. At least one survey shall be conducted within 45 days of initiation of permitted 
Disturbing Activity dredging (a “Pre-Act Survey”).  This survey could be the second 
(Eradication Area Level) survey conducted during the High Growth Period. However, 
project delays may require that a third survey be conducted prior to initiation of 
Disturbing Activity in order to meet this 45 day requirement.  If a third survey is 
required, this survey shall be conducted at a either a High Intensity Level or Eradication 
Area Level as determined by the NOAA Fisheries/CDFG Contacts based upon site 
circumstances and proximity to infestations. To determine appropriate survey level, 
please contact the NOAA Fisheries/CDFG Contacts with project specific information.  

3. If the Disturbing Activity extends for over 90 calendar days, the portions of the APE that 
would be expected to be impacted by a Disturbing Activity within the subsequent 90 days 
must be re-surveyed at a High Intensity Level. This subsequent survey must be conducted 
within 15 days following the first 90 days.  Prolonged activities would require a 
repetition of this phased survey requirement.   

4. If dredged material is removed from the APE and placed elsewhere in the marine 
environment, then no sooner than 60 days after placement of the dredged materials and 
during the next High Growth Period, the applicant shall conduct a Surveillance Level 
survey at all disposal areas except where material is disposed of within an existing EPA 
designated deep ocean disposal site.  The specific survey requirements shall be 
determined by NOAA Fisheries and CDFG on a case-by-case basis.  

 
 
F.  If Caulerpa is Found:  

1. If Caulerpa is found, then the NOAA Fisheries/CDFG Contacts shall be notified within 
24 hours of the discovery.  

2. All Caulerpa assessment and treatment shall be conducted under the auspices of the 
CDFG and NOAA Fisheries as the state and federal lead agencies for implementation of 
Caulerpa eradication in California.  

3. Within 96 hours of notification, the extent of the Caulerpa infestation within the project 



APE shall be fully documented. Caulerpa eradication activities shall be undertaken using 
the best available technologies at the time and will depend upon the specific 
circumstances of the infestation.  This activity may include in situ treatment using 
contained chlorine applications, and may also incorporate mechanical removal methods.  
The eradication technique is subject to change at the discretion of NOAA Fisheries and 
CDFG and as technologies are refined.  

4. The efficacy of treatment shall be determined prior to proceeding with permitted 
activities.  To determine effectiveness of the treatment efforts, a written Sampling and 
Analysis Plan (SAP) shall be prepared.  The plan shall be developed in conjunction with 
the CDFG and NOAA Fisheries and shall be approved by these agencies prior to 
implementation.   

5.  This policy does not vacate any additional restrictions on the handling, transport, or 
disposal of Caulerpa that may apply at the time of permit issuance or in the future. It is 
incumbent upon the permittee to comply with any other applicable State or Federal 
regulations, restrictions, or changes to the Protocol that may be in effect at the time of 
initiation of permitted activities.  

 
 



Caulerpa Survey Reporting Form  
 

This form is required to be submitted for any surveys conducted for the invasive exotic alga Caulerpa 
taxifolia that are required to be conducted under federal or state permits and authorizations issued by the  
U.S. Army Corps of Engineers or Regional Water Quality Control Boards (Regions 8 & 9).  The form has 
been designed to assist in controlling the costs of reporting while ensuring that the required information 
necessary to identify and control any potential impacts of the authorized actions on the spread of 
Caulerpa. Surveys required to be conducted for this species are subject to modification through 
publication of revisions to the Caulerpa survey policy.  It is incumbent upon the authorized permittee to 
ensure that survey work is following the latest protocols.  For further information on these protocols, 
please contact: Robert Hoffman, National Marine Fisheries Service (NOAA Fisheries), (562) 980-4043, 
or William Paznokas, California Department of Fish & Game, (858) 467-4218).  

Report Date:   

Name of bay, estuary,   
lagoon, or harbor:   
Specific Location Name:   
(address or common   
reference)   
Site Coordinates:   
(UTM, Lat./Long., datum,   
accuracy level, and an   
electronic survey area map   
or hard copy of the map   
must be included)   
Survey Contact:   
(name, phone, e-mail)   
Personnel Conducting   
Survey (if other than   
above): (name, phone,    
e-mail)   
Permit Reference:   
(ACOE Permit No.,   
RWQCB Order or Cert. No.)   
Is this the first or second   
survey for this project?   
Was Caulerpa Detected?: 
(if Caulerpa is found, please 
immediately contact NOAA 
Fisheries or CDFG personnel 
identified above)  

__________________Yes, Caulerpa was found at this site and  
___________________has been contacted on __________ date. 
__________________No, Caulerpa was not found at this site.  

 



Description of Permitted 
Work: (describe briefly the 
work to be conducted at the 
site under the permits 
identified above)  

 

Description of Site: 
(describe the physical and  

Depth range:   
Substrate type:   

biological conditions within the 
survey area at the time of the 
survey and provide insight into 
variability, if known. Please 
provide units for all numerical 
information).  

Temperature:   
Salinity:   
Dominant flora:   

Dominant fauna:   

 Exotic species 
encountered 
(including any 
other Caulerpa 
species):  

 

 Other site 
description notes:  

 

Description of Survey 
Effort:  

Survey date and 
time period:  

 

(please describe the surveys 
conducted including type of 
survey (SCUBA, remote 
video, etc.) and survey 
methods employed, date of 
work, and survey density 
(estimated percentage of the 
bottom actually viewed).  
Describe any limitations 
encountered during the 
survey efforts.  

Horizontal 
visibility in water:  

 

Survey type and 
methods:  

 

Survey personnel:   

 Survey density:   

 Survey limitations:   

Other Information: (use 
this space to provide 
additional information or 
references to attached maps, 
reports, etc.)  

 

 
Caulerpa Survey Reporting Form (version 1.2, 10/31/04)  
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EXECUTIVE SUMMARY

The marine biological environment of Long Beach and Los Angeles Harbors has been
periodically studied since the 1950s.  Early studies documented severe pollution in several of the
basins in the harbors.  Comprehensive studies in the 1970s reported a dramatic improvement in
marine habitat quality relative to the 1950s, although areas of pollution were still evident in inner
harbor and blind-end slip areas.

In the last three decades, the Ports of Long Beach and Los Angeles (Ports) have undertaken long-
range development efforts to increase the shipping and commercial capacity of the harbors.
During the 1980s and 1990s several separate biological studies were conducted that were limited
to either one port or the other in support of these anticipated harbor modifications.

Considerable changes have occurred in the harbors since the comprehensive surveys of the 1970s
and more focused surveys of the 1980s and 1990s.  Some of these changes included deepening of
navigational channels and basins, constructing substantial landfills at Piers 300 and 400 in Los
Angeles Harbor, constructing a transportation corridor out to Pier 400, expanding Pier J in Long
Beach Harbor, and constructing the west basin of the Cabrillo Marina complex.  As part of
mitigation for construction and channel deepening, shallow water habitats were created in
formerly deepwater areas near Pier 300, the San Pedro Breakwater, and on the east side of Pier
400.  Thus, several areas that were previously aquatic habitat are now land, some previous areas
that were deep water are now shallow, and circulation patterns within the harbors have been
altered.

The Ports retained MEC Analytical Systems, Inc. (MEC) and its subcontractors to conduct
environmental studies in Long Beach and Los Angeles Harbors in the year 2000. The goal of this
study was to provide an update of quantitative information on physical/chemical and biological
conditions within the different marine habitats of the harbors.
The specific objectives of the study were to:

•  Measure water quality and sediment grain size to provide physical/chemical
characterization of environmental conditions during biological surveys,

•  Provide an updated quantitative baseline of the benthic invertebrate community,
•  Provide an updated quantitative baseline of larval, juvenile, and adult fish populations,
•  Provide an updated description of biological communities attached to rocky riprap

habitats,
•  Map kelp distribution and describe macroalgae communities,
•  Map eelgrass distribution,
•  Provide an updated quantitative baseline of bird use patterns,
•  Identify relative occurrence of non-indigenous (exotic) species among native

populations,
•  Compare year 2000 study findings with previous baseline studies.

The Year 2000 Baseline Study is the first comprehensive examination of the status of biological
communities within both inner and outer harbor areas of both Ports since the 1970s.  It is the first
study to map kelp and eelgrass distribution throughout both Ports.



PORTS OF LONG BEACH AND LOS ANGELES
YEAR 2000 BASELINE STUDY EXECUTIVE SUMMARY

ES-2

Major findings of the Year 2000 Baseline Study are summarized according to the survey element
below.

Physical/Chemical Conditions
Oceanographic conditions at the onset of the Year 2000 Baseline Study were characterized by
the dissipation of a weak to moderate La Niña event, which had followed the strong El Niño of
1997-1998.  Water quality measurements conducted quarterly for the 2000 study were generally
consistent with expected values for near-coastal and harbor environments, and indicated minimal
spatial and temporal trends within the harbor complex.  Slightly reduced salinities in surface
waters at a subset of the monitoring sites reflected freshwater inputs; however, the magnitude of
this effect was spatially and temporally limited.  Results indicate a continued trend of water
quality improvement since the 1970s, with most dissolved oxygen concentrations in excess of 5
milligrams/liter.  Episodic and localized changes in some parameters, such as low dissolved
oxygen concentrations coinciding with low transmissivity, suggested minor effects possibly
associated with sediment resuspension events.  Water clarity (transmissivity) decreased with
increasing depth and was relatively lower in bottom waters at stations with fine sediments and/or
in the vicinity of dredging and/or disposal.

Water circulation in the harbors has been modified by some of the construction activities that
have occurred since the 1980s.  Review of modeling studies indicate that changes to tidal
circulation as a result of construction of Pier 400 mainly involve a blocking of north to south
flow through Angel’s Gate, which reduces flow velocity into the harbor.  The flow under flood
current is forced to go around the structure to the east and west.  Model studies indicate that
reduced flushing does not have significant impacts on dissolved oxygen concentrations.  Results
of the Year 2000 Baseline Study did not observe any depressions in dissolved oxygen near Pier
400 or within the adjacent Pier 300 Shallow Water Habitat outside the range observed elsewhere
in the harbor.

Adult and Juvenile Fish
Studies of adult and juvenile fish were conducted quarterly and employed three different
sampling methods including use of large lampara nets to sample pelagic fish throughout the
water column, otter trawl to sample bottom-associated (demersal) species, and beach seines to
sample shallow nearshore waters.  A total of 76 taxa representing 74 unique species of fish were
collected with the different sampling nets over all stations and sampling periods.  Fish appeared
healthy, with a very low incidence (< 0.01%) of obvious abnormalities or external parasites.
Northern anchovy (Engraulis mordax) and white croaker (Genyonemous lineatus) were the
abundant species collected in 2000.  White croaker was top ranked in terms of biomass.  Other
species caught in very high abundance were queenfish (Seriphus politus), topsmelt (Atherinops
affinis), and specklefin midshipman (Porichthys myriaster).  California tonguefish (Symphurus
atricauda), speckled sanddab (Citharichthys stigmaeus), Pacific sardine (Sardinops sagax),
shiner surfperch (Cymatogaster aggregata), salema (Xenistius californiensis), and white
surfperch (Phanerodon furcatus) also had high abundances.

Commercially and/or recreationally important species, including California halibut (Paralichthys
californica) and barred sand bass (Paralabrax nebulifer) had moderate abundance.  California
halibut was collected primarily with otter trawl nets, and ranked seventh in total abundance and
second in total biomass for that sampling gear.  California halibut were found at all stations, but
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more juveniles were found in shallow waters, particularly the created shallow water habitats,
which were constructed as part of mitigation for Port development projects.  Barred sand bass
also were caught primarily by trawls, and ranked tenth in total abundance with that gear.

Fish abundance showed seasonal trends with significantly higher catch during the summer.
Similar to previous studies in which day and night samples were collected, a greater variety and
more fish were collected at night in the present study.  Day/night differences in catch are
believed to result from a combination of fish behaviors at night related to decreased visual
avoidance of sampling gear, increased dispersal of schooling species, and increased foraging
activity at night by several species (Horn and Allen 1981).

More species of fish were collected in shallow water, including all three of the created shallow
water mitigation sites (Cabrillo, Pier 300, Long Beach Shallow Water Habitats), than at
deepwater stations in open water, channel, basin, and slip habitats.  The greater diversity may be
explained in part to the greater habitat heterogeneity associated with the shallow water habitats,
which were adjacent to rock riprap and/or vegetated areas (e.g., eelgrass beds, kelp bed).  For
instance, the Cabrillo Shallow Water Habitat is located alongside the San Pedro Breakwater,
which supports giant kelp and other macroalgae; the Long Beach Shallow Water Habitat is
located adjacent to riprap shoreline along Pier 400 that supports giant kelp and other macroalgae,
and extensive eelgrass beds occur within the Pier 300 Shallow Water Habitat.

Little difference was observed in lampara fish catch between inner and outer harbor areas,
indicating that pelagic schooling species range in high abundances throughout the harbor
complex.  In contrast, deepwater habitats in outer to middle harbor areas generally had a greater
number, biomass, and variety of trawl-caught fish than inner harbor areas.  Benthic invertebrates,
which represent an important food source for demersal fish, also exhibited a trend of decreasing
habitat quality from outer to inner harbor areas.

Fish catch using lampara nets in 2000 was similar to studies in 1986-1987 in Los Angeles
Harbor.  On the Long Beach side of the harbor complex, catch values were within the range
previously reported in 1994 and 1996; however, basins of the middle and outer Long Beach
Harbor had higher abundance in 2000, primarily due to large catches of northern anchovy.
Numbers of collected species were similar between 2000 and previous studies.

Evaluation of long-term trends in trawl catch is confounded by smaller sized nets used in
previous studies.  This is particularly problematic for comparing abundance, since the net size
comparison study conducted in the present study indicates considerable catch variability with
different sized nets.  Nevertheless, trawl catch values appeared to be higher in Long Beach
Harbor in 2000 than recorded in 1994 and 1996.  The City of Los Angeles has reported shifts in
trawl catch abundance in Los Angeles Harbor each year since 1996 that they have attributed to
the ongoing construction of Pier 400.  Although there was some indication that dredging and/or
disposal activities may have resulted in lower lampara fish catch near Pier 400, there was little
correspondence between otter trawl fish catch and locations near or away from dredging or
disposal in 2000.

An estimate of harbor-wide fish abundance based on 2000 catch data standardized to area and
adjusted by net efficiency totaled about 44 million fish.  An estimate for only outer Los Angeles
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Harbor in 1986-1987 was 15 million fish for that harbor.  The higher estimated value for 2000
reflects consideration of the area throughout both inner and outer areas of Long Beach and Los
Angeles Harbors.  The top five species (northern anchovy, white croaker, queenfish, Pacific
sardine, and topsmelt) account for nearly 92% of the total fish populations.

Ichthyoplankton
Forty-nine taxa representing 44 unique species of fish larvae and 13 categories of fish eggs were
identified.  The most abundant fish larvae were Goby type A (arrow goby, cheekspot goby, and
shadow goby) (33%), bay goby (16%), northern anchovy (14%), California clingfish (13%),
queenfish (10%), blennies (5%), and white croaker (5%).  Dominant egg taxa were unidentified
eggs (likely including high numbers of California halibut eggs) (57%) and sciaenid eggs (35%).
Although not as abundant, eggs of speckled sanddab, California tonguefish, and spotted turbot
together comprised nearly 7% of the collected eggs.

With the exception of the Pier 300 Shallow Water Habitat, which had high larval abundance, and
the Long Beach West Basin, which had low larval abundance, the abundances of larvae were
generally higher on the Long Beach side of the harbor complex.  This bears some similarity to
the abundance pattern indicated for adult fish caught by lampara, which generally showed higher
abundance in deepwater channel, basins, and slips in Long Beach Harbor.  The very high larval
abundance noted in the Pier 300 Shallow Water Habitat did not correspond to adult fish
distribution, which showed moderate abundance in both the lampara and otter trawl catches at
that location.  The larval catch was dominated by benthic associated gobies (arrow goby,
cheekspot goby, shadow goby), which inhabit burrows and were undersampled by the lampara
and trawl nets used to capture adult fish.

Species composition varied among different areas and habitats in the harbor.  Larvae of pelagic
or demersal species found over sand and/or mud bottoms as adults (e.g., croakers, gobies,
anchovies) generally had a wide dispersal pattern within the harbor complex.  Some of the
species were more strongly associated with deep or shallow water habitats.  For example, Goby
type A larvae (arrow goby, cheekspot goby, shadow goby) were strongly associated with shallow
water habitats, whereas bay goby larvae were more abundant at the deepwater stations.  White
croakers were substantially more abundant at deepwater habitats, whereas queenfish had
localized high abundance in either shallow or deep water.  Larvae of flatfish such as California
halibut, diamond turbot, speckled sanddab, horneyhead and spotted turbot generally had higher
abundances in deepwater habitats in the outer harbor, basins, and channels.  Fish associated with
vegetation and/or rocky substrate during some part of their life stage (eggs and/or juvenile-
adults) (e.g., atherinids, kelpfish, pipefish, reef finspot) had a more localized larval distribution at
locations near rirprap or macroalgae beds.

Larval abundance was significantly higher in spring and summer and a secondary peak occurred
in the fall.  A primary peak in egg abundance during the winter and a secondary peak in summer
preceded the periods of higher larval abundance.  During the past 30 years, the dominant larval
fish and egg species in Long Beach and Los Angeles Harbors have remained relatively consistent
although there have been shifts in dominance.  Dominant larval fish species in the current study
are similar to those caught in the past, but they differ in ranked abundance. The Year 2000
Baseline Study differs from past studies in surveying both inner and outer harbor and shallow
and deepwater habitats nearly equally in both harbors.  Earlier studies focused more on outer
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harbor areas.  The increased number of shallow water habitats surveyed in 2000 study probably
accounts for the higher ranked abundance of gobies and clingfish over northern anchovy in the
present study.

The ichthyoplankton survey provided a good measure of the importance of species inhabiting
burrows or associated with rocky and/or vegetated habitats in the Long Beach-Los Angeles
harbor complex.  These species were poorly represented in the adult fish surveys, yet are an
important part of the overall ecology of the diverse marine habitats in the harbors.  The
ichthyoplankton results also demonstrate that a wide variety of fish spawn and develop within
Long Beach and Los Angeles Harbors.

Benthic Invertebrates

Over 400 species of benthic infauna (small organisms that live on and within the sediment) and
larger macroinvertebrates were collected during the Year 2000 Baseline Study.  Both the small
infaunal and larger macroinvertebrates exhibited significant declines in abundance between the
winter (January-February) and remaining surveys, which may have been related to the
dissipation of the La Niña period, which followed the strong 1997-1998 El Niño.

Small infaunal organisms, which tend to be less motile than larger macroinvertebrates, exhibited
spatial variability in species composition that appeared to be tied to a combination of factors
including water depth, years since dredging/disposal, and habitat quality. Assemblages in the
outer harbor differed between shallow and deepwater habitats, and differences were apparent
between assemblages from areas that have or have not experienced recent dredging.  Areas of
recent dredging had fewer species and lower abundance than non-dredged areas, indicating that
the recently dredged areas were still in the colonization phase.  In general, habitat quality was
highest at the created Cabrillo, Pier 300, and Long Beach Shallow Water Habitats and the deep
open waters of both harbors.  A gradient of decreasing habitat quality was observed in basin and
slip habitats and the back channels of the inner harbor.

Larger macroinvertebrates exhibited spatial variability, some of which appeared to relate to
water depth and some of which may have been related to habitat and/or dredging/disposal.
Assemblages generally differed between shallow and deepwater habitats.  Similar to fish, catch
abundance was higher in basin habitats in Long Beach Harbor than in the open waters of the
outer harbor.  The lowest catch was obtained in the inner harbor.

Similar benthic invertebrate species have been collected in the harbors over the past 30 years, but
the relative abundances of the species have varied and there has been a shift in the dominance of
several species.  There has been a steady improvement in benthic habitat quality as demonstrated
by increased diversity and less dominance by pollution tolerant benthic infauna species over the
past half century.  Many areas in the harbors were severely polluted in the 1950s with
depauperate faunal assemblages.  Polluted and “semi-healthy” areas still exist in the harbors;
however, the spatial extent of these areas of relatively poorer habitat quality is not as widespread
today.  The most polluted area is the Consolidated Slip of Los Angeles Harbor; “semi-healthy”
areas exist in the Cerritos Channel of the inner harbor and in confined basins and slips in both
harbors.  There were different species assemblages in the basins and slips of Los Angeles and
Long Beach Harbors, with those in Los Angeles Harbor appearing to have a somewhat lower
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habitat quality.  The quality of these “semi-healthy” areas has improved over the conditions
reported in the 1950s and 1970s.

Riprap Associated Organisms
A total of 265 species of invertebrates and algae was identified within the riprap community.
Distinct tidal zonation was observed with increasing numbers of species with increasing depth.
However, abundances were similar throughout the upper and lower intertidal and subtidal zones.

The riprap community during the Year 2000 Baseline Study exhibited similar spatial patterns
and dominant species as reported in the 1980s.  Similar to historical studies, more species
occurred on riprap in the outer than inner harbor areas.  Barnacles dominated the upper intertidal
and were conspicuous in the middle to lower intertidal strata.  The non-indigenous
Mediterranean mussel Mytilus galloprovincialis was a dominant in the lower intertidal and
shallow subtidal.  Tanaid and amphipod crustaceans also were dominant species in the shallow
subtidal.  Other commonly observed fauna included crabs, sea anemones, sea urchins, and
starfish in lower intertidal and shallow subtidal zones.  Giant kelp and/or feather boa kelp were
overstory species in the subtidal zone of riprap stations in the outer harbor, and sargassum and to
a lesser extent feather boa kelp were observed in the inner harbor.

Kelp and Macroalgae
Kelp and macroalgal communities are narrowly distributed within the harbor areas, being
principally restricted to the shallow hard bottom environments associated with riprap shorelines,
breakwaters, and pier structures, as well as harbor debris (e.g., rubble, mussel shells, calcareous
tubes).  The true kelp communities were restricted to the outermost portions of the harbor where
giant kelp forms a principal component of macroalgal assemblages.  While nowhere within the
Ports is algal diversity high, there is a general cline of lessening algal diversity from the
outermost portions of the harbors to the innermost channel environments.

Giant kelp (Macrocystis pyrifera) communities within Long Beach and Los Angeles Harbors are
not abundant totaling only about 25 acres in the spring of 2000 and declining to about 14 acres in
the fall of 2000.  While algal communities within the Ports exhibit year-round presence, there is
substantial seasonality to the communities.  All of the algal communities appear to exhibit
relatively vigorous growth during the spring months.  During the summer months, warm
temperatures, lack of nutrients and poor water circulation are all likely contributors to a decline
in Macrocystis dominated communities.  Other dominant alga such as Sargassum muticum in the
inner harbor also likely decline for these same reasons.

The occurrence of giant kelp within the harbors is relatively recent according to reports of prior
investigations.  Macrocystis was established within the Ports as transplants to the San Pedro
Breakwater in 1977.  The distribution of kelp has expanded within outer Los Angeles Harbor
since that time.  During the present study, giant kelp also was found along the Middle
Breakwater, submerged dike at the Cabrillo Shallow Water Habitat, riprap edges of Pier 400,
other localized riprap shorelines, and on cobbles offshore Cabrillo Beach.

Eelgrass
Eelgrass habitat occurs in shallow waters offshore Cabrillo Beach and within the Pier 300
Shallow Water Habitat in Los Angeles Harbor.  These beds, while consistent in their occurrence
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from year to year, exhibit relatively strong seasonal variation in overall area.  Eelgrass beds
within the Port of Los Angeles ranged from approximately 50 acres in the spring to
approximately 100 acres at their peak in the fall.  This pattern of expansion and contraction of
eelgrass habitat is not atypical of what is regularly observed in other areas where eelgrass occurs
in marginal habitat areas that are typically on the deeper fringes of normal depth distribution
ranges.

Within the Cabrillo Beach and Pier 300 sites, eelgrass distributions were influenced by light
restrictions, seasonality, and extrinsic biotic factors.  Large areas that were devoid of eelgrass in
March 2000 were dominated by a dense growth of a filamentous brown alga and urchin barrens
were also observed within the eelgrass beds.

In addition to the two eelgrass beds located within the Port of Los Angeles, there was a single
plant located in Long Beach Harbor within the Cerritos Channel along the north shoreline of Pier
A at Berth A88.  An eelgrass leaf from a broad-leaved form of eelgrass also was found floating
around the Arco Terminal during March 2000.  This broad-leaved eelgrass is not at all similar to
the eelgrass found within the larger beds found in the Port of Los Angeles and has been noted to
occur in deeper waters than the more typical form of eelgrass.  These observations suggest that
other limited eelgrass beds may exist in the harbors.

Birds
A total of 99 species, representing 31 families, were observed within the Ports of Long Beach
and Los Angeles during the 2000-2001 monitoring year.  Of that total, 69 species are considered
to be dependent on marine habitats.  The greatest number of individuals was observed during the
July 2000 survey and the first survey in August 2000, primarily due to large numbers of Elegant
Terns nesting at Pier 400 that were foraging in the harbor waters.  Despite the high abundances
observed during July and August, the June through September surveys yielded the lowest
numbers of species (36 to 41), and fall and winter surveys yielded the highest numbers of species
(43 to 60 species).

The most abundant birds were gulls (44.1% of mean observations during the survey year), and
the Western Gull was the most numerous gull species.  Diving birds that feed on fish (Aerial Fish
Foragers) were second in abundance (22.4% of mean observations); this bird guild was
dominated by Elegant Terns and Brown Pelicans.  The third most abundant bird guild was
waterfowl (21.4% of mean observations), represented largely by Western Grebe, Brant's
Cormorant, and Surf Scoter.  Upland birds, dominated by large numbers of Rock Doves roosting
under docks and pilings, accounted for 5.9% of mean observations.  Small shorebirds, large
shorebirds, and wading/marshbirds accounted for 2.7%, 1.4%, and 1.5% of mean observations,
respectively.  Commonly observed species included Surfbirds, Black-bellied Plovers, and
Western Sandpipers (small shorebirds); Willets and Black Oystercatchers (large shorebirds); and
Great-blue Herons and Black-crowned Night Herons (wading/marshbirds). Raptors accounted
for < 0.05% of the mean number of individuals observed. As during previous surveys, birds were
not equally distributed among survey zones and habitats; survey zones along the breakwaters
supported the highest densities of birds.

Due to variations in total area surveyed, duration and timing of surveys, and survey methods, as
well as a reduction in available open water habitat, data collected during the 2000-2001 and
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previous surveys are not always comparable, particularly raw abundances.  However, the total
number of species and average number of species (species per survey) during 2000-2001 surveys
increased from that of previous surveys.  Average number of individuals (number per survey)
during 2000-2001 also increased from previous surveys (however, these data were not available
for 1986-1987 surveys).

Several sensitive species were observed during the 2000-2001 surveys. The California Brown
Pelican accounted for 9.5% of the total observations, which was a substantial increase from the
3.8% of the total observations recorded during the 1973-1974 studies.  Peregrine Falcons were
observed during 12 of the 20 survey dates; several pairs of Peregrine Falcons are known to nest
within the Ports and vicinity.  California Least Terns nest in the Port of Los Angeles.  There were
over 500 nesting pairs in 2000, which was substantially higher than the approximately 100
nesting pairs during the 1986-1987 study. Other sensitive terns nesting within the Port of Los
Angeles and observed in high numbers during the 2000 summer surveys were Caspian Tern and
Elegant Tern, as well as the related Black Skimmer. Other sensitive species observed during
surveys included Black-crowned Night Herons (nesting sites on the Navy Mole of Long Beach
West Basin), Black Oystercatcher, Burrowing Owl, and Loggerhead Shrike.

Dredging and Disposal Activities

Lower water clarity (transmissivity) was measured in waters near locations of dredging and
disposal activities.  Lower water clarity also was measured at stations with finer sediments due to
sediment resuspension.  With the exception of depth and possibly temperature, physical/chemical
parameters such as dissolved oxygen, pH, and salinity provided little insight to species
composition of adult fish and ichthyoplankton in different areas of the harbors.  Species
composition differed between shallow and deepwater habitats, which appeared to be related
more to broad dispersal patterns associated with widely distributed pelagic or soft-bottom
associated demersal species, or to localized distribution patterns of species associated with rock
and/or vegetated habitats.

It is not known to what extent fish and ichthyoplankton abundance may have been affected by
dredging and/or disposal activities.  An indication that these perturbations may have been
influential was the lower abundance of adult fish caught by lampara in outer Los Angeles Harbor
near Pier 400; however, lampara catch was high in Long Beach West Basin where dredging also
occurred.  Larval abundance was lower than expected in Long Beach West Basin, where
dredging occurred, and relatively lower in outer Los Angeles Harbor near Pier 400 as compared
to outer Long Beach Harbor.  On the other hand, there was little correspondence between the
abundance of adult fish caught by otter trawl and locations near or away from dredging and
disposal activities.

Benthic invertebrate assemblages differed between areas that have or have not experienced
recent dredging.  Areas of recent dredging had a similar species assemblage as non-dredged
areas, but there were fewer species and lower abundance indicating that the recently dredged
areas were still in the colonization phase.
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Exotic Species
The only exotic (non-indigenous) fish species collected in the 2000 sampling surveys was the
yellowfin goby (Acanthogobius flavimanus).  This species, which was introduced from Japan,
has been reported in previous studies of the harbors, but its relative abundance appears to be
higher in 2000 as compared to earlier studies.

Non-indigenous fauna potentially comprise about 15% of the invertebrate species that inhabit the
harbors.  A few of the species are dominant in abundance.  The polychaete Pseudopolydora
paucibranchiata and clam Theora lubrica comprised 26% of the total infaunal abundance and
the New Zealand bubble snail Philine auriformis accounted for 4.5% of the macroinvertebrate
abundance in 2000.  The relative abundance of these species has increased in the harbors since
the 1970s.

Approximately 11% of the species associated with rocky riprap were potentially non-indigenous.
Conspicuous were the Mediterranean mussel (Mytilus galloprovincialis) and Pacific oyster
(Crassostrea gigas).  While the Mediterranean mussel has been a common inhabitant of the
harbors for many years, the occurrence of the Pacific oyster is fairly recent and is localized
mainly in Los Angeles Harbor.  Its occurrence was not reported during comprehensive studies of
Los Angeles Harbor in 1986-1987, and apparently has established since then.

Known occurrences of invasive exotic algae within the harbors include the ubiquitous Sargassum
muticum and the first discovery of Undaria pinnatifida on the eastern Pacific coastline.  While
Sargassum has become a naturalized element of the algal flora and no substantial changes in this
species distribution pattern within the Ports are expected, this is not the case with Undaria.  The
relatively recent introduction of Undaria, probably as a result of hull fouling or ballast water
transport, and its recent identification at a number of other locations along the coast suggest that
this species may become much more widespread within Long Beach and Los Angeles Harbors
over time.




