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ABSTRACT OF THE THESIS 

 

Quantification of the Interaction Between a Parasitic Copepod, Caligus klawei Shiino, on its Fish 

Host, the Northern Anchovy (Engraulis mordax Girard), from Inner Cabrillo Beach, San Pedro, 

California, USA; with the Discovery of the Chalimus Stages of this Copepod and a Description 

of the Male of the Species 

 

by 

 

Mason W. Gamble 

 

Master of Science in Biology 

University of California, Los Angeles, 2016 

Professor Donald G. Buth, Chair 

 

Infections of Northern Anchovies (Engraulis mordax) with the parasitic copepod Caligus klawei 

are reported from inspection of 1,256 anchovies collected at Inner Cabrillo Beach, San Pedro, 

CA during multiple collecting trips from 2014-2016.  The overall prevalence of infection across 

all samples was 31.6%.  The overall intensity of infection was 1.19.  No significant correlation 

between the standard length of the host and prevalence or intensity was observed.  Thirty-five of 

the 556 copepod specimens collected were in a chalimus developmental stage.  This study 

constitutes the first record of developmental stages of C. klawei and their infection of  
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E. mordax, the only recorded host for this species of copepod.  Prior to this study, it was 

hypothesized that a possible intermediate host other than E. mordax may exist for the 

developmental stages of C. klawei.  This current observation weakens the previous theory of an 

intermediate host and provides strong support that E. mordax is the sole host of C. klawei 

throughout its life cycle.  A description of the male is also given herein for the first time, based 

on specimens collected, with a comparison of sexually dimorphic features. 
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Quantification of the Interaction Between a Parasitic Copepod, Caligus klawei Shiino, on 

its Fish Host, the Northern Anchovy (Engraulis mordax Girard), from Inner Cabrillo 

Beach, San Pedro, California, USA; with the Discovery of the Chalimus Stages of this 

Copepod. 

 

Introduction 

 Caligus klawei is a parasitic copepod from the family Caligidae, in the order 

Siphonostomatoida.  This family contains around 559 species that have been identified across 37 

genera.  Of these species, 268 are in the genus Caligus (Dojiri and Ho, 2013).  All of the species 

from this genus are known to be ectoparasites of marine fish.  They are distributed globally and 

found in every ocean (Dojiri and Ho, 2013).  Caligid copepods are more commonly known as 

“sea lice”, due to their attachment to, and ability to move around, the outside of their host’s 

body.  Unlike some parasitic copepods from other families that embed themselves deep into the 

tissue of their host, caligid copepods use specially designed appendages to cling tightly to their 

hosts body, while retaining the ability to move about or detach themselves from their host at will 

(Dojiri and Ho, 2013; Roberts et al., 2013). 

 The caligid life cycle consists of both free living and parasitic stages, with each stage 

separated by a molt.  The copepod hatches from its egg into the first nauplius stage.  It then molts 

and enters the second nauplius stage.  During these stages, the copepod is free living and 

subsides off of a nutrient reserve, not needing to feed.  The third stage is the copepodid stage, 

which is the infective stage.  It seeks out a host and attaches to the body of the fish using a 

frontal filament.  It then feeds and continues to molt, going through 4 chalimus stages before  
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reaching the adult stage.  The copepodid and chalimus stages can be distinguished from the adult 

stage by the presence of the frontal filament, which is lost upon reaching adulthood.  Whereas 

the frontal filament does not allow the copepodid and chalimus stages to move around the host 

once attached, the adult stage is mobile on the fish and can switch hosts if necessary (Dojiri and 

Ho, 2013; Roberts et al., 2013).  Once the copepodid stage attaches to a host, it will feed on 

mucus and tissue while it continues to mature through adulthood.  Some adult females have been 

found to also consume blood from their host, but this is likely a consequence of extensive 

damage to the hosts tissue and not a primary food source (Dojiri and Ho, 2013). 

 While some caligid copepods are generalists and infect several species of hosts, many are 

highly host-specific, often having only one host species (Dojiri and Ho, 2013).  Those that do 

infect more than one species are often only found on species within the same family (Love and 

Moser, 1983; Dojiri and Ho, 2013).  Caligus klawei has only one known host, Engraulis mordax 

(Love and Moser, 1983).  Caligus klawei has been found throughout its host’s range in the 

Northeast Pacific, from Vancouver, British Columbia at the northern end, to Baja California, 

Mexico in the south. 

 Since its description by Shiino (1959), little information has been collected on the 

parasitic copepod Caligus klawei.  This original description came from a single adult female 

specimen.  Only one other study by Barnett (1976) looked at this species and its interactions with 

Engraulis mordax.  Therefore, this current study constitutes an important addition to the very 

limited body of knowledge on C. klawei. 

 Attention to parasitic copepods has been slowly increasing since the 1950’s.  Sindermann 

(1961), Kabata (1963) and Margolis (1965) used parasitic copepods as biological tags to monitor  
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movement and distinguish distinct populations of host fish.  The importance of using parasites as 

biological tags was more recently reviewed by MacKenzie (2002), highlighting the use of 

copepods for studying populations of marine organisms.  Caligus klawei is the only copepod on 

record to infect E. mordax, and as such has the potential to be a valuable tool for studying and 

monitoring this ecologically important fish species. 

 It is also important to understand the detrimental health effects of caligid copepods and 

their role as agents of disease within fish populations (Johnson et al., 2004).  While most studies 

on the health effects of copepod infections look at caged or farmed fish, understanding these 

dynamics may serve crucial for management of wild fish stocks if infection levels of copepods in 

a population reach a critical level (Boxshall and Defaye, 1993; Ho, 2000).  Studying the copepod 

interactions and fluctuations on a fish species like E. mordax that historically supported a large 

and important commercial fishery, could give insight into the management of copepod infections 

for current commercial fisheries and fish farms.  With declining wild fish stocks and an 

increasing trend toward aquaculture fisheries, studies focused on parasites, such as these 

copepods, that affect the success of these fisheries will be ever more important (Rosenberg, 

2008). 

  

Materials and methods 

 All Engraulis mordax were collected from the Port of Los Angeles in conjunction with 

the Cabrillo Marine Aquarium’s Inner Cabrillo Beach Survey during seasonal sampling trips in 

2014, 2015 and 2016.  Collections took place on June 29, 2014, October 9, 2014, February 19, 

20 and 21, 2015, June 5, 6 and 7, 2015, October 25, 26 and 27, 2015, March 3, 4 and 5, 2016 and  

3 



 

June 25, 2016.  Repeated collections were attempted in February 2015, June 2015, October 2015 

and March 2016 because no E. mordax were collected in the initial samples.  Collections were 

performed at three specific locations along the shore of the Inner Cabrillo Beach at low tide and 

were consistent for each trip.  A 15x2 m haul seine, with a 3.175 mm Ace style mesh was used.  

For each location, the seine was set perpendicular to the shoreline starting at the water’s edge.  It 

was then pulled parallel to the shore for a distance of 35 m.  The seine was then pulled up onto 

the beach where specimens were sorted by species and location and separated into holding 

buckets for transportation back to the laboratory.  All specimens of E. mordax captured during 

each sample were collected and processed.  At the time of collection, size class and batch weight 

data were taken for each group of fish before being transported to the laboratory.  All specimens 

of E. mordax were then frozen until they could be processed for parasites.  Freezing was found 

not to damage the ectoparasites present on the host (pers. obs.).  Ectoparasites also typically 

remained attached to the host throughout the freezing and thawing process.  Host specimens 

were processed separately by location for each collection.  Standard length (SL) was recorded for 

each host specimen at the time of processing.  Voucher specimens of the host (CMA 

2009.04.0060) and caligid parasites (CMA 2016.07.0001; CMA 2016.07.0002 and CMA 

2016.07.0003) were deposited at the Cabrillo Marine Aquarium, San Pedro, CA.  A dissecting 

microscope was used to locate and remove all ectoparasites from each specimen. 

 Host processing consists of first locating and removing any ectoparasites present.  The 

entire body, fins, gill cavity and mouth were searched for parasites.  Ectoparasites were removed 

using small paintbrushes to prevent damage to any soft tissue or appendages, labeled with the 

specific host specimen and placed into 70% ethanol.  The attachment location on the host was 
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recorded for each copepod.  If a detached copepod was found, it was labeled as loose and 

included in the overall abundance data, but not attributed to a specific host or infection site.  

Identification of copepods was performed with the aid of Dr. Julianne Kalman Passarelli (pers. 

comm.) of the Cabrillo Marine Aquarium and Dr. Danny Tang (pers. comm.) of the 

Environmental Lab & Ocean Monitoring Division Orange County Sanitation District, along with 

the use of specialized literature (Ho and Lin, 2004; Dojiri and Ho, 2013).  Copepods were 

removed and placed in 70% ethanol for preservation and identification.  Selected copepods were 

cleared in 85% lactic acid for identification.  Specimens were placed in several drops of lactic 

acid and viewed on a well slide, using a technique similar to that discussed in Humes and 

Gooding (1964), with the aid of a compound microscope for dissection. 

Statistical analyses were performed using the program Quantitative Parasitology and in 

accordance with the guidelines and recommendations discussed in Rozsa et al. (2000).  This 

paper presents the primary statistics and analyses that should be reported as part of any 

quantitative parasite study.  Confidence intervals (CI) were calculated and are reported along 

with all quantitative descriptions.  The prevalence of infection for each sample was compared 

using Fisher's exact test to determine if the proportion of infected hosts varied significantly 

between samples, CIs for prevalence are reported as a Clopper-Pearson interval belonging to the 

95% probability.  Intensities were analyzed using both the mean and median intensities of 

infection.  With highly aggregated distribution, median intensity can often provide a more useful 

metric for comparing parasitic infections.  Mean intensities were compared using a bootstrap t-

test and comparisons of median intensities using Mood's median test.  CIs for mean intensities 

were calculated with bias-corrected and accelerated bootstrapping, exact CIs were used for  
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median intensities.  Abundances were compared using a bootstrap t-test for the mean abundances 

of each sample along with a bias-corrected and accelerated bootstrap CI.  Crowding was 

compared using the means for each sample and determining if the two 97.5% CIs overlap.  If 

there is no overlap, then crowding was determined to be different at a 95% level of significance.  

The March 2016 sample was excluded from comparative analysis due to its small sample size. 

 

Results 

 A total of 1,256 E. mordax were collected and examined (Table 1).  In total 556 copepods 

were found (465 attached to a host; 91 loose).  Loose copepods were only used to calculate 

abundance data.  A total of 519 adult females, 2 adult males and 35 female larval copepods (21 

chalimus III and 14 chalimus IV) were collected.  Intensity of infection showed a strongly right-

skewed distribution, with the majority of infected hosts having only one copepod (Figure 1).   

There were three fish infected by more than three copepods (four, five and six copepods 

respectively), all of which were in chalimus stages of development.  No fish was infected by 

more than three adult copepods.  No significant correlation was observed between standard 

length of a host and intensity of infection (Figure 2) or prevalence (Figure 3). 

 Comparison among samples is shown in Table 2.  Prevalence was found to be 

significantly different at a 99.9% confidence level between the October 2014 sample and each 

June sample.  Mean and median intensity of infection was found to be significantly different at 

the 99% confidence level between the June 2014 sample and each of the other samples.  

Abundance was found to be significantly different at the 99.9% confidence level between the 

October 2014 and June 2016 samples.  Crowding was found to be significantly different at the  
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95% confidence level between the June 2014 and October 2014 samples.  However, if the three 

fish that were infected by four, five and six chalimus larvae are excluded from the analysis, only 

prevalence was found to still be significantly different between the October 2014 and each June 

sample.  No other quantitative measure showed a significant difference between samples. 
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Table 1.  Engraulis mordax collected (n) by sample date showing prevalence, intensity and abundance of C. klawei.  

95% CIs are included for prevalence, mean intensity and abundance.  Exact confidence level for median intensities is 

100%. 

 
Date n SL range 

(mm) 

Prevalence Intensity 

(mean) 

Intensity 

(median) 

Abundance 

6/29/14 150 32.6-55.8 20.0% (13.9%-27.3%) 1.73 (1.37-2.30) 1.00 (1.00-2.00) 0.35 (0.22-0.51) 

10/9/14 944 31.8-52.4 35.5% (32.4%-38.6%) 1.15 (1.11-1.19) 1.00 (1.00-1.00) 0.50 (0.46-0.54) 

3/5/16 9 35.2-38.3 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 

6/25/16 153 35.8-58.0 20.9% (14.8%-28.2%) 1.09 (1.00-1.28) 1.00 (1.00-1.00) 0.26 (0.19-0.34) 

Total 1256 31.8-58.0 31.6% (29.3%-34.5%) 1.19 (1.14-1.24) 1.00 (1.00-1.00) 0.45 (0.42-0.49) 
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Figure 1. Number (n) of hosts (E. mordax) at each intensity of infection (excluding the three outlier fish with 4, 5 and 

6 larval copepods) for all fish collected. 
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Figure 2. Distributions of standard lengths for the hosts (E. mordax) associated with each infection intensity 

(excluding the three outlier fish with 4, 5 and 6 larval copepods). The black line at the center of each distribution 

represents the median standard length for that intensity.  The heights of the boxes have been adjusted to better represent 

the number of host specimens (n) infected at each intensity. 
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Figure 3. Distributions of standard lengths for the hosts (E. mordax) associated with infection by a copepod. The 

black line at the center of each distribution represents the median standard length for that intensity.  The heights of the 

boxes have been adjusted to better represent the number of host specimens (n) infected at each intensity. 
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Table 2. P-values from comparison of prevalence, intensity, abundance and crowding between the corresponding 

samples as well as the 97.5% CIs for crowding.  The prevalence of infection for each sample was compared using 

Fisher's exact test.  Mean intensities were compared using a bootstrap t-test and comparisons of median intensities 

using Mood's median test.  Abundances were compared using a bootstrap t-test for the mean abundances of each 

sample.  Crowding was compared using the means for each sample and determining if the two 97.5% CIs overlap.  If 

there is no overlap, then crowding was determined to be different at a 95% level of significance.  Comparisons found 

to be significant at the 95% confidence level are in bold. 

 

Samples Prevalence  Mean 

Intensity 

Median 

Intensity 

Abundance Crowding (CIs) 

June 2014:October 

2014 
<0.001 0.047 0.003 0.415 (1.77-3.98):(1.20-

1.36) 

October 2014:June 

2016 
<0.001 0.456 0.284 <0.001 (1.20-1.36):(1.00-

1.77) 

June 2014:June 2016 0.887 0.037 0.004 0.178 (1.77-3.96):(1.00-

1.82) 
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Discussion 

 The host species, Engraulis mordax, disappeared from the sampling location between the 

October 2014 collection and the March 2016 collection.  The cause of the disappearance is not 

known, but it has been previously shown that shifts in environmental conditions and El Niño 

effects can drastically affect the abundance and occurrence of larval E. mordax (Brodeur et al., 

1985).  The period of time this disappearance occurred corresponds to a very strong El Niño 

event, which gives support that shifts in environmental conditions may have played a role.  The 

lack of hosts resulted in an inability to collect specimens from the sampling location during this 

time and yielded a significant gap in data.  The March 2016 sampling resulted in only nine fish 

being collected, so this sampling was left out of the comparative analysis due to its small size. 

 Intensity of infection showed a strongly aggregated distribution with 86% of infected 

hosts having only a single copepod.  No fish was found to be infected by more than three adult 

copepods.  There were three fish with more than three copepods, which were found to be 

infected by four, five and six larval copepods, respectively.  These larval copepods were in the 

chalimus III and chalimus IV stages of development and attached to the host by their frontal 

filament.  The higher intensity of infection by these larval copepods provides evidence that C. 

klawei may infest its host at higher intensities during development and somehow reduce this 

intensity of infection by the time they reach maturity.  A reduction of infection intensity may 

occur by several copepods actively detaching and seeking another host after reaching the adult 

stage, or as the result of individual mortality events, possibly due to predation.  It is also possible 

that these three instances of higher levels of intensity were outlier occurrences, possibly a result  

of increased parasite density in the host population. 
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The June 2014 and June 2016 samples resulted in nearly identical results for all 

quantitative measures, even with the fish disappearing from the area between those times.  This 

replication gives support that the numbers reported are a good representation of this host-parasite 

relationship at this location during the summer months.  The prevalence of infection was found 

to be significantly higher in the October 2014 sample than in either of the June 2014 or 2016 

samples.  The October 2014 sample resulted in a significantly higher prevalence than what 

Barnett (1976) found.  According to her study, October-December represented the time of lowest 

incidence of infection, with the prevalence of infection reported between one and two percent.  

Overall, Barnett (1976) reported sampling over 10,000 fish during a two year period from 1974-

1975, but collected only 205 copepods in total.  There are several possible reasons for this 

discrepancy.  Firstly, the previous study took place over 40 years ago, so it is possible there has 

been a significant shift in the host-parasite community since that time.  Additionally, the host 

specimens from the 1976 study were collected commercially, and Barnett herself concedes that a 

number of copepods may have been lost during handling and transfer.  The possible loss of 

copepods must be considered in this study as well, but as Kabata (1979) showed, the ability of 

copepods to attach securely and often permanently to their hosts, along with a minimal delay 

between collection and sorting, makes this less of a concern for this study.  There is also a 

significant difference between the size of E. mordax sampled in this study and those from 

Barnett (1976).  All of the fish sampled in this study were collected nearshore and none were 

longer than 58 mm.  Of the fish sampled by Barnett (1976), only a dozen were less than 60 mm, 

with the majority of the fish being over 100 mm in length.  These differences in methods and 

host demographics makes it difficult to compare the results between these two studies, and 
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 because these are the only two studies that have looked at the host-parasite interactions between 

C. klawei and E. mordax, their results must be looked at on their own. 

 This is also the first study to find C. klawei in any of its larval stages.  The lack of larval 

copepods left Barnett (1976) to hypothesize that there may be an intermediate host for C. klawei.  

This possibility was brought back up recently by Dojiri and Ho (2013).  The record of chalimus 

III and chalimus IV stages in this study detracts from this theory, and provides support that E. 

mordax is in fact the only host of C. klawei throughout its life-cycle.  This is consistent with 

other research on parasitic copepods that indicates they show high levels of host specificity, with 

most having a single species of host (Boxshall, 1974; 1976). 

 Of the 556 copepods collected in this study, only two were male.  This extreme sex ratio 

is in contrast to the sex ratio found among many caligid copepods, with males often 

outnumbering females (Hogans and Trudeau, 1989; Anstensrud, 1990; 1992).  One explanation 

is that males can typically move from host to host more easily, while females, once attached, will 

usually remain with a single host their entire lives (Ritchie, 1997).  The females of C. klawei 

were found to be embedded slightly into the flesh of their host as well.  This would result in a 

higher chance of male copepods being already detached at any given moment from a host fish, or 

being detached more easily during the collection of a host prior to getting removed from the net.  

Additionally, male caligid copepods are known to find immature or nearly mature females for 

reproduction.  This ensures that as soon as the female becomes mature, the male will be the first 

to mate with her (Antensurd, 1992).  The high majority of females collected in this sample were 

already mature or gravid with egg sacs.  As it has been shown that males are less likely to be 

attached near a female that is already mature or gravid, unless mate guarding, this could also help  
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explain the reduced number of male copepods attached to the hosts in these samples.  However,  

more research on the behavior of this species of copepod is required before any definitive 

conclusions can be made as to the cause of this extreme sex ratio. 

 This is only the second study on the ecology of C. klawei since the species was first 

described and will serve to bolster the very limited scope of work on this specific copepod.  Due 

to gaps in this study’s data and the limited work done on this species by other researchers, further 

investigation is needed before more substantial claims can be made regarding the host-parasite 

interaction of C. klawei and E. mordax.  Further study on the seasonality and reproductive trends 

of this species are critical to gain a more complete understanding of this parasite community.   

There is insufficient data available to determine homogeneity of the population throughout the 

year and throughout its range.  Additional studies on the population of E. mordax near Baja, 

California and the northern population near British Coumbia should be performed to compare 

with the central population.  This information will help determine the potential use of C. klawei 

as a biological tag for monitoring populations and movement of E. mordax.  Additional research 

should also focus on identifying the complete life cycle of this copepod and confirming that it is 

host-specific to E. mordax throughout its life cycle. 

 

 

 

 

 

 

16 



 

References 

Anstensrud, M. 1990. Mating strategies of two parasitic copepods [(Lernaeocera branchialis  

(L.)(Pennellidae) and Lepeophtheirus pectoralis (Müller)(Caligidae)] on flounder: 

polygamy, sex-specific age at maturity and sex ratio. Journal of Experimental Marine 

Biology and Ecology 136(2):141-158. 

 

Anstensrud, M. 1992. Mate guarding and mate choice in two copepods, Lernaeocera branchialis  

(L.)(Pennellidae) and Lepeophtheirus pectoralis (Müller)(Caligidae), parasitic on 

flounder. Journal of Crustacean Biology 12(1):31-40. 

 

Barnett, P.A. 1976. Studies on the Host-parasite Relationship Between the Northern Anchovy 

 (Engraulis Mordax Girard) and a Caligid Copepod (Caligus Klawei Shiino). Unpublished

 Master’s Thesis, California State University Long Beach 

 

Boxshall, G.A. 1974. Infections with parasitic copepods in North Sea marine fishes.  Journal of

 the Marine Biological Association of the United Kingdom 54:355-372. 

 

Boxshall, G.A. 1976. The host specificity of Lepeophtheirus pectoralis (Müller, 1776)  

(Copepoda: Caligidae). Journal of Fish Biology, 8(3):255-264. 

 

Boxshall, G.A. and Defaye, D. eds. 1993. Pathogens of Wild and Farmed Fish: Sea Lice.

 London: Ellis Horwood. 

17 



 

Brodeur, R.D., Gadomski, D.M., Pearcy, W.G., Batchelder, H.P., Miller, C.B. 1985. Abundance  

and distribution of ichthyoplankton in the upwelling zone off Oregon during anomalous 

El Niño conditions. Estuary Coastal and Shelf Science 21(3): 365–378. 

 

Dojiri, M. and Ho, J.S., 2013. Systematics of the Caligidae, Copepods Parasitic on Marine  

Fishes. Crustaceana Monograph Series 18: 1-448. 

 

Ho, J.S. 2000. The major problem of cage aquaculture in Asia relating to sea lice. In Liao, I.C.,  

Lin C.K. eds. Cage aquaculture in Asia.  Proceedings of the first international symposium 

on cage aquaculture in Asia.  Asian Fisheries Society, Manila, and World Aquaculture 

Society – Southeast Asian Chapter, Bangkok pp.13-19. 

 

Ho, J.S., and Lin, C.L. 2004. Sea Lice of Taiwan: Copepoda, Siphonostomatoida, Caligidae.

 Sueichan Press. 

 

Hogans, W.E., and Trudeau, D.J. 1989. Caligus elongatus (Copepoda: Caligoida) from Atlantic  

salmon (Salmo salar) cultured in marine waters of the Lower Bay of Fundy. Canadian 

Journal of Zoology 67(4):1080-1082. 

 

Humes, A.G. and Gooding, R.U., 1964. A method for studying the external anatomy of 

copepods. Crustaceana 6(3): 238-240. 

 

18 



 

Johnson, S.C., Bravo, S., Nagasawa, K., Kabata, Z., Hwang, J.S., Ho, J.S., & Shih, C.T. 2004. A

 review of the impact of parasitic copepods on marine aquaculture. Zoological

 Studies, 43(2): 229-243. 

 

Kabata, Z. 1963. Parasites as biological tags. International Commission of the Northwest Atlantic

 Fisheries, Special Publication 4:31-37. 

 

Kabata, Z., 1979. Parasitic Copepoda of British fishes. London. The Ray Society. 

 

Love M.S. and Moser M. 1983. A checklist of parasites of California, Oregon and Washington

 marine and estuarine fishes. NOAA Technical Report NMFS SSRF- 777:1-576. 

 

MacKenzie, K. 2002. Parasites as biological tags in population studies of marine organisms: an 

update. Parasitology 124(07):153-163. 

 

Margolis, L. 1965. Parasites as an auxiliary source of information about the biology of Pacific  

salmons (Genus Onchorhynchus). Journal of Fisheries Research Board of Canada

 22:1387-1395. 

 

Ritchie, G. 1997. The host transfer ability of Lepeophtheirus salmonis (Copepoda: Caligidae) 

from farmed Atlantic salmon, Salmo salar L. Journal of Fish Diseases 20(2):153-157. 

 

19 



 

Roberts, L., Janovy Jr, J. and Nadler, S., 2013. Foundations of Parasitology (9th ed). McGraw

 Hill. New York, NY. 

 

Rosenberg, A.A. 2008. The price of lice. Nature 451:23-24. 

 

Rozsa L., Reiczigel J. and Majoros G. 2000. Quantifying parasites in samples of hosts. Journal

 of Parasitology 86(2):228-232. 

 

Shino, S. M. 1959. On a new species of Caligus (Copepoda parasitica) from the coast of

 California. Pacific Science 13:351-356. 

 

Sindermann, C.J. 1961. Parasitological tags for redfish of the western North Atlantic.

 International Commission of the Northwest Atlantic Fisheries, Special Publication

 3:111-117. 

 

 

 

 

 

 

 

 

20 



 

A Description of the Male Caligus klawei Shiino, 1959 (Copepoda: Caligidae) 

Parasitic on Northern Anchovy (Engraulis mordax) in Southern California, 

USA. 

 

 

Introduction 

The parasitic copepod Caligus klawei was first described by Shiino (1959) from a single female 

specimen found attached to the body of a Northern Anchovy (Engraulis mordax) collected off 

the coast of San Diego, California.  While male specimens have been previously recorded 

(Barnett, 1976), no description for the male of the species exists.  The male of C. klawei is herein 

described for the first time from two specimens collected off of E. mordax in June and October, 

2014, during surveys of Inner Cabrillo Beach in San Pedro, California.  A full description of the 

male is given and differences between the female and male of C. klawei are discussed using the 

original female description from Shiino (1959) for comparison.  Observations of females 

collected in this study were consistent with those made by Shiino (1959). 

The bodies of members of the Caligidae are typically dorsoventrally flattened, consisting 

of four tagmata: the fused cephalothorax followed by one to three thoracic somites, the fourth 

leg-bearing somite, the genital complex, and the abdomen.  The cephalothorax can be followed 

by one to three thoracic, leg-bearing somites depending on genus.  Species with three segments 

are considered a more primitive form, while species with only one segment, such as members of 

the genus Caligus, are considered more derived (Dojiri and Ho, 2013; Roberts et al., 2013).  The 

fourth thoracic somite is free and constitutes the primary articulation of the body.  
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Materials and methods 

Host specimens of E. mordax were collected adjacent to the shoreline using a 15x2 m 

haul seine with a 3.175 mm Ace style mesh.  Copepods were removed and placed in 70% ethanol 

for preservation and identification.  Preserved copepods were cleared in 85% lactic acid for 

description and measurement.  Specimens were viewed on a well slide, using a technique similar 

to that discussed in Humes and Gooding (1964), with the aid of a compound microscope at 

magnifications between 4x and 40x for dissection and drawing.  All drawings were made with 

the aid of a drawing tube.  Measurements are shown as the mean with the ranges in parentheses.  

Terminology used coincides with that of Dojiri and Ho (2013).  Voucher specimens of the host 

(CMA 2009.04.0060) and caligid parasites (CMA 2016.07.0001; CMA 2016.07.0002 and CMA 

2016.07.0003) were deposited at the Cabrillo Marine Aquarium, San Pedro, CA. 

 

Results 

Caligus klawei Shiino, 1959 

Adult male (Figs. 1-12) 

 Description:  The overall body size of the adult male is smaller than that of the female.  

Total length 2.25 mm (2.17-2.33 mm, n=2), carapace width 1.18 mm (1.07-1.29 mm, n=2).  

Cephalothorax ovate (Fig. 1), width approximately three quarters the length, strongly convex.  

Anterior margin has prominent frontal plates, two thirds the carapace width, with large lunules.  

Median lobe of cephalothorax roughly twice as wide as lateral lobes and about as long as it is 

wide.  Sinuses between lateral and median lobes shallow and narrow.  Posterior sinuses are wide 

and deep. 
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 Antennule two-jointed (Fig. 2).  Proximal segment triangular and stout, broader than 

distal segment which is slender.  Proximal segment carries three rows of plumose setae on the 

anterior and ventral margins.  Distal segment has a single sub-terminal seta at the midpoint of the 

posterior margin and terminates in 13 filamentous setae, typical of copepods in the genus 

Caligus.   

 Antenna three-jointed (Fig. 3).  Proximal segment is bare.  Second segment is enlarged 

and robust with two corrugated pads.  Terminal segment smaller than others, greatly reduced, 

much smaller than terminal segment of female’s antenna.  Claw-like, very short and stout with 

two minute setae near base.  Can be clearly distinguished from female by the size and shape of 

similar to the rest of the genus terminal segment antenna. 

 Mouth tube approximately as long as it is wide.  Postantennal process long and slender, 

curved with two fine setules at base (Fig. 4).  Postantennal process significantly longer than that 

of female.  Maxillule slender towards tip with a broader base and three spines at the base, one 

longer than the rest, as in female (Fig. 5).  Maxilliped three-segmented, proximal segment very 

stout, second and terminal segments narrower and fused ending a claw (Fig. 6).  Second segment 

with two small spines at inner distal area.  Maxilliped appears larger and more pronounced than 

on female, especially the breadth of proximal segment and size and curvature of terminal claw.  

Maxilla two-segmented, long and slender with the distal segment longer and thinner than the 

proximal, as in female. (Fig. 7).  Calamus with tiny spinules, canna with two rows of short 

spinules.  Sternal furca narrow at base with flared tines rounded at tip, as in female. 

 Leg 1 (Fig. 8) biramous.  Protopod has two setae, one inner and one outer.  Exopod with 

two segments, first with a distal spine and a row of medial setules.  Second segment terminates 
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 with four spines, first spine simple with second and third spines forked.  Fourth spine is simple 

but twice as long as the first three.  Three longer, plumose setae of differing lengths on posterior 

margin of same segment.  Endopod is unarmed. 

 Leg 2 (Fig. 9) coxa with a single spine and plumose seta carrying shorter hairs on one 

side.  Basis has one medial setule.  Exopod with three segments; inner most segment has outer 

spine and inner plumose seta; second segment with smaller outer spine and inner plumose seta; 

third segment with three spines on anterior margin (first spine very small; second spine with 

hyaline membrane on inner side; third spine has inner row of hairs) and five plumose setae.  

Endopod also three segmented; first segment with inner, plumose seta bearing row of shorter 

hairs on one side; second segment with two inner, plumose setae and row of short hairs on outer 

margin; third segment with six terminal, plumose setae and short hairs on outer margin. 

 Leg 3 (Fig. 10) exopod with three segments; first segment with large, basal spine and 

lateral setule; second segment with inner, plumose seta; third segment with three similar length 

spines and four plumose setae; second and third segments have row of hairs on lateral margins.  

Endopod with two segments; first segment with medial, plumose seta; second segment with six 

plumose setae and hairs on lateral margin. 

 Leg 4 (Fig. 11) uniramous with unarmed protopod and two-segmented exopod.  Exopod 

slenderer than protopod.  Three terminal spines on expopod, one slightly shorter.   

 Leg 5 (Fig. 12) rudimentary on lateral margin of genital complex represented by three 

setae.  Distinct from female, which lacks any trace of fifth leg.   

 Leg 6 (Fig. 12) rudimentary on posterior margin of genital complex represented by two 

setae.  Distinct from female, which lacks any trace of sixth leg. 
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Fourth pediger wider than it is long, distinct from genital complex.  Genital complex with 

rounded posterolateral corners.  Abdomen one-segmented, about as long as it is wide.  Caudal 

rami small, terminating in six plumose setae, the inner and two outer of which are much shorter, 

less than a quarter of the length of the three longer ones. 

 

Comparisons 

 In general, the morphology of the male Caligus klawei is typical of male copepods in this 

genus.  Male C. klawei can be distinguished from males of the similar species C. polycanthi by 

their one-segmented abdomen, versus two-segmented in C. polycanthi (Demirkale et al., 2015).  

Males of other species are less similar and can be more easily distinguished using the same 

features used to distinguish the females of the species apart, including the presence, absence or 

number of setae present on the legs, or the shape of the cephalothorax and genital segments 

(Dojiri and Ho, 2013).  Male C. klawei are distinguishable from female C. klawei by the reduced 

structure of their antenna, longer postantennal process, enlarged maxilliped and the presence of 

vestigial fifth and sixth legs on the genital complex.  The male genital complex is also greatly 

reduced in size and structure compared to that of the female.  The other structures of the male are 

similar to that of the female.   
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Figures 1-7. Male Caligus klawei, Fig. 1. Habitus, dorsal.  Fig. 2. Antennule.  Fig. 3. Antenna.  Fig. 4.  Postantennal 

process.  Fig. 5. Maxillule.  Fig. 6. Maxilliped.  Fig. 7. Maxilla.  Scale bars are in millimeters. 
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Figures 8-12.  Male Caligus klawei, Fig. 8. Leg 1.  Fig. 9. Leg 2.  Fig. 10. Leg 3.  Fig 11. Leg 4.  Fig 12. Legs 5 and 

6.  Scale bars are in millimeters. 
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