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Abstract 

The serpulid annelid Ficopomatus enigmaticus is found as a non-indigenous species in many subtropical and temperate habitats, where it 
often has major effects on the physical structure and community ecology of invaded habitats. In the northeastern Pacific, it has been present 
in northern California since about 1920, but clearly established populations have not previously been reported from southern California. We 
describe a large population of F. enigmaticus in the intertidal zone of the Los Angeles River, near Long Beach, California, and a much 
smaller population in the nearby Port of Los Angeles. Both reproductive adults and new recruits were common in the Los Angeles River 
population, suggesting that it is well established. We also describe previously unpublished observations of two additional populations in 
isolated lagoons in Santa Barbara County. Broader surveys aimed at establishing the distribution of this serpulid in central and southern 
California are needed to evaluate hypotheses on its pathway and timing of introduction to southern California, to evaluate risks of 
intraregional spread, and to begin to explore management strategies. 
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Introduction 

The serpulid annelid Ficopomatus enigmaticus 
(Fauvel, 1923) was first described from Normandy, 
France, where it was recognized as a non-
indigenous species. It has since been found in 
many subtropical and temperate locations, often 
in brackish water habitats (ten Hove and Weerden-
burg 1978; Orensanz et al. 2002). Its native 
distribution is uncertain but is sometimes stated 
to be temperate regions of the Indian Ocean and 
Australia (e.g., Cohen and Carlton 1995; Orensanz 
et al. 2002; Dittmann et al. 2009). Members of 
the species typically form aggregations of tubes 
on hard substrates in shallow water; these 
aggregations may be up to several meters in 
maximum dimension (e.g., Obenat and Pezzani 
1994; Bianchi and Morri 1996; Fornos et al. 1997). 
Where common, F. enigmaticus dramatically 
alters the physical structure of benthic habitats 

(Fornos et al. 1997; Schwindt et al. 2004; McQuaid 
and Griffiths 2014), and has diverse direct and 
indirect effects on native planktonic (Bruschetti 
et al. 2008; Pan and Marcoval 2014) and benthic 
communities (Schwindt et al. 2001; Casariego et 
al. 2004; Heiman and Micheli 2010); it is thus 
often referred to as an ecosystem engineer. In 
addition to its effects on native communities, it 
can be an economically important fouling species, 
encrusting boat hulls and clogging power station 
cooling water intakes (Tebble 1953; Read and 
Gordon 1991). 

In the northeast Pacific, newspaper reports 
indicate that F. enigmaticus has been present in 
San Francisco Bay since about 1920 (Carlton 1979; 
Cohen and Carlton 1995; Cohen et al. 2005a), 
though members of that population were only 
formally identified (as Merceriella enigmatica, an 
older name for the species) a few years later 
(Fauvel 1933).   In 1994, it was reported as present 
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Figure 1. Ficopomatus enigmaticus from the east side of the Los Angeles River, near Golden Shore RV Resort (site #23). A. Aggregations 
of worms in the intertidal zone. The ruler in the foreground is 30 cm long. B. A small group of worms removed from an aggregation, 
showing the flanges (peristomes) that are typical of this species. Scalebar=1 mm. C. Apical view of the operculum, showing the ring of dark, 
incurved spines.  Diatoms  are  visible  on  the  spines,  and  a green  alga  is  growing from the center of the operculum. Scalebar=400 µm. 
D. Lateral view of an isolated operculum. Scalebar=400 µm. Photographs by Bruno Pernet. 

 
in Elkhorn Slough, an estuary ~150 km south of 
San Francisco Bay (Wasson et al. 2001). As of 
1980, it had not been observed south of Point 
Conception (Abbott and Reish 1980). Since then, 
it has been reported as present in southern 
California on four occasions. Cohen et al. (2002, 
2005b) collected two individuals of F. enigma-
ticus in August 2000 from a floating dock at a 
small boat marina in the Port of Los Angeles’ 
Dominguez Channel; these specimens were 
identified by J.T. Carlton, but later lost (Cohen, 
pers. comm.). In August 2001, A. Cohen collected 
one more living individual and an empty tube at 
the same site; these were identified by LHH 
(Cohen, pers. comm.). Bastida-Zavala (2008) 
reported F. enigmaticus on settling plates set out 
in San Diego in 1999–2002 by the Smithsonian 
Environmental Research Center; this record, 
however, was apparently made in error, and in 
fact there is no evidence that F. enigmaticus has 
ever been seen in the San Diego area (Bastida-
Zavala, pers. comm., 10 November 2015). The 
most recent report was of 86 individuals taken in 
Newport Bay in 2011 as part of the “Introduced 
Aquatic Species in Bays and Harbors 2011 
Survey” (California Department of Fish and Wild-
life 2014). This record is also apparently incorrect. 
LHH oversaw polychaete identifications for this 
survey, and no F. enigmaticus were reported by 

her or the other two polychaete taxonomists at 
any station. Specimen counts of 86 were listed 
for three other polychaete species from Newport 
Bay samples, so the report of F. enigmaticus is 
likely to be due to an error in data entry. 

In April 2014, one of us (BP) noticed dense 
aggregations of serpulids on cobbles and boulders 
along the edge of Golden Shore Marine Biological 
Preserve, at the mouth of the Los Angeles River, 
in Long Beach, California. He collected worms 
from these aggregations and identified them as 
F. enigmaticus by their distinctive tubes (which 
often bear flanges along their lengths) and opercula 
(which bear dark, incurved spines at their apical 
ends) (Figure 1). He noticed these aggregations 
again in August 2015. On that occasion he again 
collected worms, and LHH confirmed their identi-
fication as F. enigmaticus. Confirmation of their 
identity spurred us to survey the area to determine 
the extent of the population, and to determine if 
there were other populations in suitable habitats 
nearby. 

Methods 

From August-October 2015, we surveyed 54 
intertidal sites in Los Angeles and Orange 
Counties, from Marina del Rey in the north to 
Newport Bay in the south  (Figure 2, Supplemen- 
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Figure 2. Sites sampled in Los Angeles and Orange Counties. Sites are numbered as in supplementary Table S1. Red points and numbers 
indicate sites at which F. enigmaticus was found; black points and numbers indicate sites at which F. enigmaticus was not found. 

 
tary Table S1). All sites were relatively wave-
protected, and all had hard substrate that seemed 
likely to be suitable for colonization by Ficopomatus 
enigmaticus. Surveys were carried out at or near 
the time of predicted low tide. At each site, we 
characterized substrate type, measured water 
temperature (with an alcohol or digital thermo-
meter) and salinity (with a calibrated refractometer), 
and searched the area for ~5 min for the presence 
of serpulids. The tubes of F. enigmaticus are 
very distinctive and were easily identifiable in 
the field. We characterized populations of 

F.  enigmaticus at each site as “sparse” when 
primarily isolated individuals were identified, 
and “abundant” when worms were found in large 
aggregations. When we encountered serpulids 
that we could not immediately identify in the 
field, we collected them for later examination in 
the laboratory. At sites 23 and 24 (Table S1), we 
estimated the vertical range occupied by aggre-
gations of F. enigmaticus using an automatic level 
(SAL series, CST/Berger, Watseka, Illinois, USA). 
These were compared to NOAA tide predictions 
to calculate elevation relative to mean lower low 
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water (MLLW). Samples of F. enigmaticus were 
collected from some sites and either fixed in 5% 
formalin in seawater and then preserved in 70% 
ethanol, or preserved directly in 95% ethanol. 
All samples were deposited in the polychaete 
collection of the Natural History Museum of Los 
Angeles County.  

Results 

We found Ficopomatus enigmaticus at 16 of the 
54 sites surveyed (Figure 2, Table S1). Fifteen of 
these sites were along a continuous stretch of the 
Los Angeles River, from the Long Beach 
Shoreline Marina Jetty near the river mouth to a 
point ~3 km upriver, approximately midway 
between the Anaheim Street and Shoreline Drive 
bridges (note that we were unable to access the 
west side of the river except near its mouth). At 
these sites, F. enigmaticus were found in the 
intertidal, almost always on cobbles or boulders 
present as shoreline armor. Except at the extremes 
of this river range, where worms were present as 
isolated individuals, they were present in substantial 
aggregations of hundreds or thousands of worms. 
The largest aggregations (up to ~1 m in diameter) 
and most continuous cover of F. enigmaticus 
were found between Catalina Landing (site 26, 
near the river mouth) and West 3rd St. (site 22, 
upriver ~1.8 km). We estimated the vertical range 
occupied by F. enigmaticus at two of the Los 
Angeles River sites, 23 and 24, as between ~0.7 
m above MLLW and ~0.5 m below MLLW. At 
both sites, hard substrate was rare immediately 
below 0.5 m below MLLW, and was replaced 
with mud. 

The remaining site at which we found 
F.  enigmaticus was deep in the Port of Los Angeles, 
on cobble and floating docks at the Leeward Bay 
Marina, in the Port’s Dominguez Channel. At 
this site we found seven worms on concrete blocks 
in the intertidal zone and on the Styrofoam floats 
of floating docks. Most worms occurred as isolated 
individuals, but one group of three worms 
formed an aggregation on a concrete block. This 
site is ~12 shoreline km from the nearest site in 
the Los Angeles River at which we found 
F.  enigmaticus. 

We collected aggregations of F. enigmaticus 
from sites 23 and 24 (Figure 2; Table S1) repeatedly 
from August-October 2015 and examined tubes 
and worms in the laboratory. The smallest tubes 
observed were ~250 µm internal diameter, and the 
largest ~2 mm internal diameter. When removed 

from tubes, larger worms often released gametes 
into the petri dishes. The unfertilized eggs of two 
females averaged 41.8 (n=27) and 42.5 (n=22) 
µm in diameter. We attempted to fertilize eggs 
five times in October 2015, and in each case 
swimming, feeding trochophore larvae were 
produced within 16 h at ~23°C. 

The only other serpulid species we encountered in 
these surveys were Hydroides elegans (Haswell, 
1883), Hydroides gracilis (Bush, 1905), and 
Salmacina tribranchiata (Moore, 1923). These 
species were all easily distinguished from 
F.  enigmaticus by the absence of flanges on the 
tubes, or, for S. tribranchiata, by its diminutive 
size and branching tubes. Like F. enigmaticus, 
H. elegans is not indigenous to California (Carlton 
1979; Bastida-Zavala 2008). 

Discussion 

A large population of Ficopomatus enigmaticus 
occupies the lower ~3 km of the Los Angeles 
River. Worms in this population form aggregations 
of tubes up to ~1 m in diameter in the mid-
intertidal zone. In their zone of highest density, 
these aggregations occupy almost all available 
hard substrate (mainly cobbles and boulders). 
This population is clearly established, according 
to the criteria of Ruiz et al. (2000), which are a) 
multiple records of presence of the species, in 
either different locations or different years, and 
b) documentation of reproduction. Aggregations 
of F. enigmaticus were present at numerous sites 
in the lower ~3 km of the Los Angeles River, 
and were documented at one site (site 24, Table 
S1) in two consecutive years. Gravid adults (as 
determined by the spawning of viable gametes in 
the laboratory) are present at several Los 
Angeles River sites, as are tiny juveniles, 
indicative of recruitment. These observations 
suggest strongly that F. enigmaticus found in the 
Los Angeles River are reproductive. 

Ficopomatus enigmaticus has been documented 
in the Los Angeles area twice before, in 2000 
and 2001, when a total of four individuals – 
three living specimens and one empty tube – 
were collected from floating docks at Island 
Yacht Anchorage #1, a small boat marina in the 
Port of Los Angeles’ Dominguez Channel (Cohen 
2011). We did not sample at that site, but found 
a few individuals of F. enigmaticus at the Lee-
ward Bay Marina (site 12), only ~0.5 shoreline 
km away. We were unable to sample more 
intensively in the Port of Los Angeles, so it is 
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entirely possible that F. enigmaticus occurs at 
other sites in that body of water. Further 
sampling is needed to determine the distribution 
of F. enigmaticus in the Port of Los Angeles. 

It is unclear if the apparently low-density Port 
of Los Angeles population – which is ~12 km 
from the mouth of the Los Angeles River – is 
established, though repeated collections of living 
F. enigmaticus there (in 2000, 2001, and now 
2015) suggest that that may indeed be the case. 
Alternatively, it may represent the result of rare 
larval dispersal events from the larger Los Angeles 
River population, or from larger, currently 
undocumented populations elsewhere in the Port. 
The planktonic feeding larvae of F. enigmaticus 
become competent to settle and metamorphoses 
~5–7 d after fertilization given adequate food and 
relatively warm temperatures (Gabilondo et al. 
2013). However, larvae of several other serpulids 
can delay settlement and metamorphosis for 5–11 
d after acquisition of competence, even if starved 
(Okamoto et al. 1995; Qian and Pechenik 1998). 
It is likely that competent larvae of F. enigmaticus 
have similar abilities, and the ability to delay 
settlement might permit wider dispersal during 
the larval phase. Further information on the develop-
ment and behavior of larvae of F. enigmaticus, 
and on current patterns in the area, is needed in 
order to determine whether the Los Angeles 
River and Port of Los Angeles populations might 
be demographically connected by larval dispersal. 

It is unclear why F. enigmaticus is limited in 
its local distribution to the Los Angeles River 
and the Port of Los Angeles (Figure 2), as many 
nearby sites have apparently suitable intertidal 
hard substrate. However, spatial variation in 
salinity likely plays a role. The 15 Los Angeles 
River sites where we found F. enigmaticus had 
among the lowest salinities (24–29) observed in 
our surveys; the Leeward Bay Marina had a 
slightly higher salinity (31). Although adults of 
F.  enigmaticus can survive in full oceanic 
salinities (~35: Pernet, Langland, and Perria, 
unpubl. data), it is possible that they cannot grow 
rapidly, compete effectively with other sessile 
organisms, or reproduce at high salinities. Such 
effects may explain the disappearance of 
F.  enigmaticus at sites oceanward of the mouth 
of the Los Angeles River. Indeed, previous work 
suggests that the optimal salinity range for 
growth and reproduction of F. enigmaticus is 
~10–30 (reviewed by Dittmann et al. 2009). 
Salinity would not, of course, explain the fact 
that F. enigmaticus seems to disappear upstream 
of ~3 km from the mouth of the river. We 

examined only one site above this point (site 19). 
Though salinity at that site (23) was the lowest 
of any site we sampled, it was well within the 
reported optimal range for F. enigmaticus (Dittmann 
et al. 2009). The absence of F. enigmaticus at 
this site may be due to indirect effects of 
salinity; alternatively, the tiny ciliated larvae of 
F. enigmaticus may not disperse effectively against 
downstream flowing surface currents. 

It is not currently possible to identify when the 
Los Angeles River population became established. 
It was first noticed in April 2014 at our site 24, but 
at that time there were already large aggregations 
of tubes at that site, so it was undoubtedly present 
and simply unnoticed earlier. The “Southern 
California Exotics Expedition 2000” (Cohen et 
al. 2002, 2005b), a rapid survey of the region for 
non-indigenous species, primarily sampled commu-
nities on floating docks. They did sample at one 
site (their SCX-11) that was very close to our sites 
29–32, all of which had F. enigmaticus present 
in 2015. Because F. enigmaticus occurs both in the 
intertidal zone and on floating docks, and 
members of the Expedition were actively looking 
for its tubes, it is likely that they would have 
seen it at SCX-11 if it were present within their 
search area.  

Likewise, it is not currently possible to determine 
how F. enigmaticus first arrived in southern 
California, or from which source the propagules 
were derived. All of the sites we surveyed were 
in or very near to the Ports of Los Angeles and 
Long Beach, which are among the world’s busiest 
commercial shipping ports. Transport on or in 
commercial vessels is thus an obvious potential 
vector for the transport of F. enigmaticus to 
southern California. There is also substantial 
traffic of recreational vessels within California, 
and F. enigmaticus may have arrived in southern 
California from established northern California 
populations via that vector (Davidson et al. 
2010; Zabin et al. 2014). It is also possible that 
the Los Angeles area populations we and Cohen 
et al. (2002, 2005b) describe were established by 
settlement of larvae originating from established 
populations to the north. That larvae with a 
planktonic duration of only ~1–2 weeks could 
directly travel ~550–700 km to reach the Los 
Angeles area from San Francisco Bay or Elkhorn 
Slough seems unlikely (e.g., Shanks 2009), even 
with the assistance of the predominantly 
southward-flowing California Current. However, if 
southward-dispersing larvae settled and established 
populations at geographically intermediate sites in 
southern Central California, or northern Southern 



B. Pernet et al. 

18 

California, these might have served as “stepping-
stone” populations that produced propagules that 
eventually colonized the Los Angeles area. 

We are aware of unpublished observations of 
two geographically intermediate populations of 
F. enigmaticus, at least one of which is likely 
established, in northern Southern California. 
These populations were found at two sites in 
Santa Barbara County, ~170 km to the north of 
the Los Angeles River. First, specimens of 
F.  enigmaticus were collected from Arroyo Burro 
Creek (a body of water ~420 m long and 10–15 m 
wide, isolated from the ocean by a sandbar; 
34.4034 N; 119.7432 W) from hard surfaces and 
plant stems in 2008 by C. Swift (Cardno ENTRIX) 
and provided to LHH, who identified them and 
deposited specimens in the Natural History 
Museum of Los Angeles County. We visited Arroyo 
Burro Creek on 10 October 2015, and found living 
F. enigmaticus present in small aggregations on 
intertidal boulders and cobbles. Water temperature 
and salinity at the time of sampling were 27°C 
and 36, respectively. Second, in October 2015, 
dense aggregations of serpulids were collected 
by R. Thompson (Cardno, Santa Barbara, CA) 
from sheet piling material in Mission Creek 
Lagoon (~34.4126 N; 119.6882 W), a coastal 
lagoon ~7 km to the east of Arroyo Burro Creek. 
She provided LHH with photographs of the 
serpulids, which were easily identifiable as F. 
enigmaticus. The repeated sightings of this species 
over a period of seven years at Arroyo Burro 
Creek suggest that this population is established 
and self-sustaining. Thus, F. enigmaticus has likely 
been continuously present in Santa Barbara 
County since at least 2008. 

Additional intensive surveying is needed to 
determine the current distribution of F. enigmaticus 
in southern California. Between Point Conception 
and the Mexican border, there are many creeks 
and rivers whose mouths may be suitable habitat 
for F. enigmaticus (e.g., Gaviota Creek, Atascadero 
Creek, Ventura River, Santa Clara River, San 
Mateo Creek, Santa Margarita River). The numerous 
coastal lagoons and estuaries in this region (e.g., 
Devereaux Lagoon, University of California Santa 
Barbara Lagoon, Mugu Lagoon, Malibu Lagoon, 
Agua Hedionda Lagoon, San Elijo Lagoon) may 
also contain suitable habitat for this species. 
Rapid visual surveys by LHH in 2014 failed to 
turn up any specimens in Malibu Lagoon, Agua 
Hedionda Lagoon, and San Elijo Lagoon. To our 
knowledge, none of the other sites have been 
surveyed specifically for the presence of F. 
enigmaticus. A detailed description of the current 

distribution of this serpulid in southern California 
is crucial to evaluate hypotheses on its pathway 
and timing of introduction to the region, to evaluate 
risks of intraregional spread (e.g. Wasson et al. 
2001; Davidson et al. 2010), and to begin to 
explore management strategies. 
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