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THE OCCURRENCE OF LEPEOPHTHEIRUS SALMONIS AND CALIGUS CLEMENSI
(COPEPODA: CALIGIDAE) ON THREE-SPINE STICKLEBACK GASTEROSTEUS
ACULEATUS IN COASTAL BRITISH COLUMBIA
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ABSTRACT: Infections with sea lice species belonging to Lepeophtheirus and Caligus are reported from examinations of 1,309
three-spine sticklebacks collected in coastal British Columbia. Over 97% of the 19,960 Lepeophtheirus specimens and nearly
96% of the 2,340 Caligus specimens were in the copepodid and chalimus developmental stages. The parasites were identified as
Lepeophtheirus salmonis and Caligus clemensi based on morphology of adult stages. Between 1,763 and 1,766 base pairs (bp)
of 18S rDNA from adult specimens collected from sticklebacks and salmon differed from the GenBank L. salmonis reference
sequence by a single bp and were distinct from those of 2 other Lepeophtheirus species. A 530-bp region of 18S rDNA from
chalimus stages of Lepeophtheirus obtained from sticklebacks and salmon was identical to that of the L. salmonis reference
sequence. The three-spine stickleback is a new host record for L. salmonis. The prevalence of L. salmonis was 83.6% and that
of C. clemensi was 42.8%. The intensities of these infections were 18.3 and 4.2, respectively. There was no significant relationship
between sea lice abundance and stickleback condition factor. Significant spatial and temporal variations both in abundance of
sea lice and surface seawater salinities were measured. The abundance of both sea lice species was lowest in zones in which
surface seawater salinity was also lowest. Sticklebacks appear to serve as temporary hosts, suggesting a role of this host in the
epizootiology of L. salmonis. The stickleback may be a useful sentinel species with which to monitor spatial and temporal
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changes in the abundance of L. salmonis and C. clemensi.

Copepods of the Caligidae (Siphonostomatoida: Copepoda),
collectively referred to as sea lice, occur on the skin, fins, and
gills, and in the buccal cavity of marine fishes. In coastal waters
of British Columbia (BC), Canada, 11 species of Lepeophthei-
rus and 1 species of Caligus have exploited these niches on 44
host species (Margolis and Arthur, 1979; McDonald and Mar-
golis, 1995). The development of caligids (Caligidae) includes
2 nonparasitic planktonic nauplii, a fish-infective planktonic co-
pepodid, and 7 parasitic stages (copepodid, chalimus I-1V, pre-
adult, and adult) that lead to sexual maturity on the fish host
(Pike and Wadsworth, 1999). Species are distinguished from
each other based mainly on morphological features of the adults
(Kabata, 1988), although mitochondrial DNA sequences have
also been used for species identification (Qines and Heuch,
2005).

Lepeophtheirus salmonis has a Holarctic distribution and oc-
curs on anadromous salmonids in the Atlantic and Pacific
oceans. The parasite is found on adult Pacific salmon (Oncor-
hynchus spp.) collected in the mid-Pacific Ocean (Nagasawa et
al., 1993; Nagasawa, 2001), in BC coastal waters (Beamish et
al., 2005), and on salmon that are farmed in BC (Johnson and
Margolis, 1993). Lepeophtheirus salmonis has recently been re-
ported on pink (Oncorhynchus gorbuscha) and chum (Oncor-
hynchus keta) salmon fry shortly after migrating from their na-
tal streams into BC coastal waters (Morton et al., 2004). The
parasite is considered specific to salmonids (Salmonidae), al-
though it has been reported on white sturgeon (Acipenser trans-
montanus), sand lance (Ammodytes hexapterus), and saithe
(Pollachius virens) (Kabata, 1973; Bruno and Stone, 1990).
Caligus clemensi, another sea louse, has been reported from 13
species of fish in BC, including juvenile coho salmon (Oncor-
hynchus kisutch), pink salmon, and chum salmon (Parker and
Margolis, 1964). Caligus clemensi shows no evidence of host
specificity and the latter authors suggested the parasite will in-
fect any species of fish inhabiting surface waters.

Annual surveillance of juvenile pink and chum salmon in
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coastal BC has been conducted by Fisheries and Oceans Canada
since 2003 to monitor the abundance and distribution of sea
lice (Jones and Nemec, 2004). In addition to the salmon, sea
lice were observed on three-spine stickleback (Gasterosteus
aculeatus) collected as a frequent by-catch. This report de-
scribes the spatial and temporal patterns of the sea lice infec-
tions on stickleback. Molecular evidence is used to assist in the
identification of Lepeophtheirus spp. specimens. The three-
spine stickleback is identified as an important host of L. sal-
monis.

MATERIALS AND METHODS
Collections of sticklebacks and sea lice identification

Fish were collected from sites in Knight Inlet, Tribune Channel, and
Kingcome Inlet north of Vancouver Island, BC, Canada (Fig. 1). The
study area was arbitrarily subdivided into 11 zones, designated A to K
(Fig. 1), each containing approximately 10 sample sites. Whenever pos-
sible, both beach (46 m in length) and purse (180 m to 275 m in length)
seines were used at each site to collect fish from depths of up to 3.7 m
and 16 m, respectively (see Boldt and Haldorson, 2004). The effective
stretched mesh size in the bunt of all nets was 6.4 mm. Attempts were
made to collect fish from each site in each of the following 3 periods:
10-16 May 2004, 25 May—1 June 2004, and 8-13 June 2004. These
periods shared the same dates as sea lice surveys of juvenile salmon
and stickleback in 2003 (Jones and Nemec, 2004) and of juvenile salm-
on in 2004 to be reported elsewhere. Up to 30 fish from each catch
were individually bagged directly from the net, labeled, and immedi-
ately stored at —20 C. Frozen specimens were transported to the Pacific
Biological Station, Nanaimo, BC, where total length and wet weight
were measured and condition factor calculated (CF = (weight/length’)
X 100). Each fish was examined under a dissecting microscope and all
sea lice were counted. All lice were identified to stage and species (or
to genus for nonadult specimens of Lepeophtheirus) using criteria adapt-
ed from Johnson and Albright (1991a) and Kabata (1972, 1988). All
Caligus sp. specimens were assumed to be C. clemensi based on earlier
observations (Parker and Margolis, 1964). Identified sea lice were stored
in 10% buffered formalin or 95% ethanol. Prevalence, mean abundance,
and mean intensity were calculated according to Bush et al. (1997). The
significance of differences in the abundance of sea lice among weeks
and zones was tested using the Kruskal-Wallis test. Differences were
considered significant when P < 0.05.
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FIGURE 1.

Seawater salinity

Surface seawater samples were collected coincidentally with fish
throughout the study area. The salinity was calculated from the con-
ductivity by using a Portasal® salinometer. The significance of differ-
ences in mean salinity was determined by ANOVA and Bonferroni-
adjusted multiple comparison tests. Differences were considered signif-
icant when P < 0.05.

Molecular identification of sea lice

DNA was extracted from adult and preadult stages of C. clemensi
collected from chum salmon and from Lepeophtheirus spp. collected
from pink salmon, quillback rockfish (Sebastes maliger), starry flounder
(Platichthys stellatus), and three-spine stickleback. The salmon and the

TABLE I. Sequences and locations of polymerase chain reaction primers
used to amplify 18S rDNA from Lepeophtheirus spp. and Caligus cle-
mensi.

Primer Location* Nucleotide sequence (5'-3")
9F 1 CCTGGTTCCTGCCAGTAGTC
TF 317 ATAGACGCCCACAGTGGTTT
9R 612 GCTTTTTGACCGCAACAACT
5F 866 GACAGTCGGGGGCATTAGTA
7R 897 CGGTCCAAGAATTTCACCTC
1F 1038 GCGATCCGCAGTTGTTTATT
3F 1192 AACACGGGAAATCTCACCAG
5R 1461 GCAGCCCAGAACATCTAAGG
1R 1633 GTACAAAGGGCAGGGACGTA
3R 1797 GATCCTTCCGCAGGTTCAC

* Location relative to Lepeoptheirus salmonis reference sequence (GenBank ac-
cession number AF208263).

Map of study area showing major water bodies and zone designations. bi, Broughton Island; gi, Gilford Island.

flounder were collected coincidentally with the sticklebacks whereas the
rockfish were collected in an unrelated study in the same study area in
February 2005. Adult parasites were identified using the taxonomic
keys of Kabata (1988). In addition, DNA was extracted from Lepeo-
phtheirus sp. chalimus III or IV collected from chum salmon and stick-
leback. DNA was extracted from individual ethanol-fixed lice using
DNeasy tissue kits following overnight digestion in protease K accord-
ing to manufacturer’s recommendations (Qiagen, Mississauga, Ontario,
Canada). Complete and partial segments of the 18S ribosomal RNA
gene (tDNA) were amplified by polymerase chain reaction (PCR) using
primers 1F and 1R, 3F and 3R, 5F and 5R, 7F and 7R, and 9F and 9R
(Table I) derived from the L. salmonis complete TDNA sequence
(GenBank accession number AF208263). The conditions for all PCR
amplifications were as follows: initial denaturation at 94 C for 2 min,
40 subsequent cycles of 94 C for 1 min, 56 C for 1 min, and 72 C for
2 min, followed by a final extension at 72 C for 10 min. Sequencing
reactions on all purified (QIAquick, Qiagen) PCR products were per-
formed using Big Dye™ Terminator V3.1 (Applied Biosystems, Foster
City, California). Reaction products were purified using DyeEx 2.0
(Qiagen) and sequences were obtained from a 48-capillary DNA ana-
lyzer (Applied Biosystems). Sequence data were assembled and edited
using Sequencher 4.1.4 (Gene Codes Corporation, Ann Arbor, Michi-
gan) and BLASTn analyzed (http://www.ncbi.nlm.nih.gov/BLAST/).
Consensus sequences obtained from each louse following bidirectional
sequencing were aligned using ClustalW. Similarities among nucleotide
sequences were estimated by using neighbor-joining (NJ) and maximum
parsimony algorithms in MEGA 3 (Kumar et al., 2004). Bootstrap val-
ues, calculated as percentages over 1,000 replicates, provided an esti-
mate of confidence in the branch nodes.

RESULTS
Stickleback surveillance

Sea lice were observed on a total of 1,103 (84.3%) of 1,309
sticklebacks from all zones with the exception of zone A (Table
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TABLE II. Number and weight of three-spine sticklebacks (Gusterosteus aculeatus) among study zones in coastal British Columbia.

Collection period

1 2 3

Zone Number Weight (g) Number ‘Weight (g) Number Weight (g)
A 0 21 4.8 £ 0.4* 0
B 0 11 54 0.5 0
C 0 92 4.7 £ 03 0
D 22 3302 24 3.0 04 11 44 05
E 4 28 04 0 1 7.2
F 78 25 *0.2 67 2.6 £ 0.2 47 25 %01
G 73 25 *0.1 83 3.1=*01 33 29 0.1
H 41 28 £0.2 61 2.7 0.1 43 2.6 £ 0.1
I 86 4.0 * 0.1 90 35*01 76 4.1 = 0.1
J 87 50 £0.2 64 3.7 £0.2 107 4.5 £ 0.1
K 14 3.1 x02 45 29 *0.1 28 29*1.0

* Mean + SEM.

II). Lice belonging to Lepeophtheirus sp. occurred on virtually
all infected fish (83.6% prevalence) and approximately half of
these fish were also infected with C. clemensi (42.8% preva-
lence). The overall intensities were 18.3 (range 1 to 290) and
4.2 (range 1 to 34), respectively. Among zones, the prevalence
of Lepeophtheirus sp. ranged from 0% to 100% and the vari-
ance-to-mean ratio ranged from 3.0 to 124.2 (Table III). Simi-
larly, the prevalence of C. clemensi ranged from 0% to 86.0%
and the variance-to-mean ratio ranged from 1.4 to 28.9 (Table
IIT). Throughout the study, the mean abundance of Lepeophthei-
rus sp. and C. clemensi ranged from 1.3 to 73.2 and from 0.02
to 5.9, respectively (Figs. 2, 3). For each of zones D, E G, H,
I, J, and K, differences in the abundance of C. clemensi and

Lepeophtheirus sp. over the 3 collection periods were signifi-
cant (KW = 2, P = 0). The abundance of Lepeophtheirus sp.
increased in zones G, I, J, and K but showed no consistent trend
elsewhere (Fig. 2). The abundance of C. clemensi increased in
zones D and H, decreased in zones F and K, and showed no
consistent temporal pattern elsewhere (Fig. 3). For each collec-
tion period, differences in the abundance of C. clemensi and
Lepeophtheirus sp. among zones were significant (KW = 2, P
= 0). The abundance of Lepeophtheirus sp. was consistently
greatest in zone K and least in zone J. The abundance of C.
clemensi was consistently greatest in zones H and K, and least
in zone J.

In total, 19,960 specimens of Lepeophtheirus sp. were ex-

TABLE III. Lepeophtheirus salmonis and Caligus clemensi on three-spine sticklebacks (Gasterosteus aculeatus) from coastal British Columbia.

Lepeophtheirus salmonis

Caligus clemensi

Zone P (%)* S*meant Lice} Cop (%0)§ P (%) S%*mean Lice Cop (%)
A 0 — — — 0 — — —
B 27.2 8.9 30 6.7 9.0 5.0 5 0
C 68.5 14.9 658 2.6 16.3 1.5 22 0
D 71.2 13.2 149.6 332 59.7 11.6 57.3 1.7
(45.5-100.0) (3.0-32.5) (14-358) (22.9-48.1) (36.4-79.2) (1.8-28.9) (39-92) (0-2.6)
E 100 4.5 16 375 50 4.0 8
F 95.9 239 1209.7 36.4 71.8 3.6 172.3 3.8
(91.5-100.0) (14.2-40.7) (898-1331) (31.5-43.9) (57.4-83.3) (1.4-4.8) (56-297) (1.8-6.0)
G 99.5 11.1 797.3 37.2 72.4 2.9 139.3 5.0
(98.6-100.0) (9.4-11.9) (571-1065) (27.8-43.0) (68.7-75.8) (2.3-3.8) (72-203) (4.2-6.3)
H 98.4 8.9 618.3 36.9 79.0 5.2 238.0 8.9
(95.1-100.0) (6.4-12.5) (573-677) (30.6-46.6) (65.9-86.0) (4.8-5.6) (126-336) (4.8-11.3)
I 93.4 32.6 22233 49.1 17.9 7.4 56.0 11.7
(84.9-98.7) (10.9-53.9) (648-4239) (39.9-61.6) (8.1-31.1) (3.3-13.2) (22-121) (0-19.0)
T 52.0 56.0 345.7 33.6 2.9 22 5.0 0
(35.9-67.3) (22.9-124.2) (146-602) (15.8-43.0) (0.9-4.6) (1.9-2.7) 2-9)
K 100.0 50.5 1404.7 44.1 69.4 7.3 94.3 16.5
(45.5-59.6) (219-2049) (38.4-53.9) (53.6-85.7) (6.1-9.8) (63-140) (3.6-33.3)

* Mean prevalence in 3 collections (range). Only 1 collection was made from zones A, B, and C. The data from zone E relate to collection 1 (see Table 11). The single

fish from collection 3 was infected with 14 L. salmonis and 18 C. clemensi.
1 Variance-to-mean ratio (range).

1 Mean number of lice (range).

§ Mean percent copepodids (range).
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FIGURE 2. Mean abundance (£SEM) of Lepeophtheirus salmonis on

three-spine sticklebacks among zones (see Fig. 1 for locations of zones)
during 3 collection periods, designated 1 (10-16 May 2004), 2 (25
May—1 June 2004), and 3 (8-13 June 2004). Zone E is omitted because
of small sample size.

amined. Copepodids were most frequently observed, represent-
ing 40.4% of all specimens. The copepodid, all 4 chalimus and
preadult stages together, included 99.9% of all specimens. Adult
stages, representing 0.03% (n = 5) of all specimens, were iden-
tified as L. salmonis. Among zones, the proportion of copepod-
ids ranged from 2.6% to 61.6% (Table III).

A total of 2,340 specimens of C. clemensi were examined.
The first chalimus stage was most frequently observed (35.2%),
whereas the copepodid represented 7.8% of all C. clemensi
stages. Developmental stages of C. clemensi up to, and includ-
ing, preadults, represented 97.1% and adults represented 2.9%
of all specimens. The adult stages (n = 68) were confirmed to
be C. clemensi. Among zones, the proportion of copepodids

Abundance

Zone

FIGURE 3. Mean abundance (=SEM) of Culigus clemensi on three-
spine sticklebacks among zones (see Fig. 1 for locations of zones) dur-
ing 3 collection periods (see Fig. 2 for dates). Zone E is omitted because
of small sample size.
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FIGURE 4. Scatterplot showing for each stickleback, the correlation
of condition factor (CF = (weight/length®) X 100) and the number of
Lepeophtheirus salmonis and Caligus clemensi. R> = 5 X 1073,

ranged from 0% to 33.3% (Table III). There was no significant
relationship between the total number of sea lice and stickle-
back condition factor (R? = 5 X 107%) (Fig. 4).

Seawater salinity

Salinity was measured in a total of 307 water samples and
on average, 9 measurements were obtained for each zone in
each period. However, measurements were not made from
zones A, B, and C in periods 1 and 3, and only 1 measurement
was made from zone E in period 3. Throughout the study, sa-
linity ranged from 0.48 to 30.0 parts per thousand (ppt), with
a mean of 18.0 ppt. Significant differences in mean salinity
were observed among zones in all sample periods. Mean salin-
ity declined (P < 0.05) between the first and second period in
all zones (Fig. 5). Between the second and third sample periods,
mean salinity remained stable in zones D, E, and G (P = 0.05)
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FIGURE 5. Mean salinity (£SEM) of surface seawater among zones

(see Fig. 1 for locations of zones) during 3 collection periods (see Fig.
2 for dates).
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Unrooted neighbor-joining phylogram showing relationships among 18S rDNA sequences of Lepeophtheirus spp. and Caligus

clemensi collected from fish in the study area. Comparisons were based on 530 base pairs amplified using primers 1F and 1R identified in Table
I. Bootstrap confidence levels are based on 1,000 resamplings. LepsalGB, Lepeophtheirus salmonis GenBank reference sequence (AF208263);
LepsalSB, L. salmonis from stickleback (DQ123829); LepsalPS, L. salmonis from pink salmon (DQ123828); LephospSE, Lepeophtheirus hospitalis
from starry flounder (DQ123831); LephospRE L. hospitalis from quillback rockfish (DQ123832); LepparvSE, Lepeophtheirus parvicruris from
starry flounder (DQ123830); Caligus, Caligus clemensi from chum salmon (DQ123833).

and rose (P < 0.05) in the other zones (Fig. 5). The highest
salinity was associated with zone H and the lowest with zone A.

Molecular identification of sea lice

A region of 1,763 to 1,766 base pairs (bp) of the 18S rRNA
gene was sequenced from 3 adult L. sal/monis collected from
each of pink salmon and sticklebacks and from 2 adult C. cle-
mensi collected from chum salmon. Similarly, a region of 1,768
to 1,799 bp was sequenced from 3 adult Lepeophtheirus parv-
icruris collected from starry flounder and from 5 adult Zepeo-
phtheirus hospitalis, 3 collected from starry flounder and 2 from
quillback rockfish. A shorter segment was amplified using prim-
ers 1F and 1R from a third specimen from the rockfish. The
BC L. salmonis consensus sequences, regardless of host, dif-
fered from the GenBank sequence (accession number
AF208263) by the insertion of a cytosine at position 445. The
C. clemensi consensus sequence, at 97.4% identity over 1,768
bp, was most similar to that of Caligus elongatus (GenBank
accession number AY627020). The consensus sequence ob-
tained from L. parvicruris was most similar to that of L. sal-
monis with an identity of 99.7% over 1,799 bp. Both L. hos-
pitalis consensus sequences were most similar to L. salmonis;
however, they differed from one another. The sequence identity
with L. salmonis was 99.3% for specimens from rockfish and

99.6% for specimens from starry flounder. NJ analysis resolved
the individual sequences obtained using primers 1F and 1R into
5 clusters corresponding to host—parasite groupings (Fig. 6). All
L. salmonis sequences, whether derived from pink salmon,
stickleback, or the GenBank reference, formed a single cluster
that was most closely related to the L. parvicruris sequence.
The L. hospitalis sequences from starry flounder clustered dis-
tinctly from those of L. hospitalis derived from the rockfish,
with the latter more distantly related to the L. salmonis—L. parv-
icruris cluster. The 18S rDNA sequences from C. clemensi clus-
tered distinctly from all Lepeophtheirus spp. sequences.

The 530-bp sequences obtained from 34 Lepeophtheirus sp.
chalimus stages collected from salmon (n = 14) and stickle-
backs (n = 20) using primers 1F and 1R shared 100% identity
with the homologous GenBank L. sa/monis sequence. NJ anal-
ysis of these sequences along with the homologous sequences
obtained from adult L. salmonis, L. hospitalis, L. parvicruris,
and C. clemensi produced a phylogram virtually identical to
Figure 5 and confirmed that all chalimus sequences lay within
the L. salmonis cluster. All rIDNA sequences obtained from
adult specimens have been deposited in GenBank (accession
numbers as follows: L. salmonis [pink salmon], DQ123828; L.
salmonis [stickleback], DQ123829; L. parvicruris [starry floun-
der], DQ123830; L. hospitalis [starry flounder], DQ123831; L.
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hospitalis [quillback], DQ123832; and C. clemensi [chum salm-
on], DQ123833).

DISCUSSION

Three-spine sticklebacks occurring in a coastal BC marine
ecosystem were frequent hosts of sea lice belonging to species
of Lepeophtheirus and Caligus. The morphology of adult Cal-
igus sp. specimens confirmed that they belonged to C. clemensi.
The sea lice identified as Lepeophtheirus sp. were approxi-
mately 8.5 times more abundant than C. clemensi, but their
specific identification was hampered by the observation that vir-
tually all were in early developmental stages that are difficult
to assign to species by using available morphological criteria.
This is particularly important in coastal BC where 11 Lepeo-
phtheirus spp. have been reported (Margolis and Arthur, 1975;
McDonald and Margolis, 1995). Seven of these Lepeophtheirus
spp. are described from more than 1 host species indicating a
lack of host specificity. Controlled studies to examine the extent
of host specificity of most Lepeophtheirus spp. have not been
conducted and workers either assign immature stages only to
genus (e.g., Kabata, 1988) or assume species identity based on
host association (e.g., Morton et al., 2004). Molecular data were
used to assist in the identification of the early Lepeophtheirus
stages. Analysis of over 1,700 bp of the 18S rRNA gene
(rDNA) from adult L. salmonis collected from sticklebacks and
pink salmon showed that they differed from the GenBank L.
salmonis reference by the insertion of a single base pair. This
supported the observation that the adult stages collected from
sticklebacks were morphologically identical to L. salmonis. Fur-
thermore, rIDNA sequences from L. salmonis and at least 2 oth-
er Lepeophtheirus spp., when subjected to a phylogenetic anal-
ysis, formed clusters that were consistent with the identifica-
tions based on morphology, thus validating the use of this se-
quence in species identification. Specimens identified as L.
hospitalis from starry flounder and quillback rockfish were
found to have distinct IDNA sequences. These distinct sequenc-
es may be evidence for 2 strains of L. hospitalis, possibly anal-
ogous to the occurrence of distinct strains of Lepeophtheirus
pectoralis that occur on flounder (Platichthys flesus) and plaice
(Pleuronectes platessa) (Boxshall, 1976). In the case of L. sal-
monis, rDNA sequences formed a single cluster regardless of
host species. The 34 chalimus were, therefore, confirmed to be
L. salmonis by the identity of 530 bp of their rDNA with the
GenBank reference sequence and by phylogenetic analysis.
Comparisons of 18S rDNA sequences have been used to dis-
tinguish species in several taxa of parasites (Andree et al., 1997;
Whipps et al., 2004; Dykova et al., 2005). The cytochrome C
oxidase 1 gene encoded in mitochondrial DNA has also been
used for phylogenetic analyses among Caligus spp. (Qines and
Heuch, 2005). In addition, the L. sa/monis mitochondrial ge-
nome has recently been sequenced (Tjensvoll et al., 2005), pro-
viding further opportunities for the use of molecular analysis in
the systematics of this genus. Morphologically indistinguishable
early sea lice developmental stages are identifiable to species
using genomic and, possibly, mitochondrial DNA sequences.

This, therefore, is the first evidence that L. salmonis is a
frequent parasite of the three-spine stickleback in a coastal BC
ecosystem. Previous reports of sea lice on sticklebacks in coast-
al BC include C. clemensi (Parker and Margolis, 1964; Lester,

1974) and chalimus stages of a Lepeophtheirus species (Kabata,
1988). Neither prevalence nor abundance was documented in
the earlier work; thus, there is no historical reference to the
extent of sea lice infections in stickleback populations. Al-
though infected sticklebacks occurred throughout the study
area, significant variations were evident in the abundance of
both parasite species. Low abundances of C. clemensi were ob-
served in zones A, B, C, I, and J, coincident with lower salin-
ities. In contrast, the abundance of L. salmonis, although low
in zones A, B, C, and J, was significantly elevated in zone I.
Schram et al. (1998) suggested that C. elongatus is less tolerant
to reduced salinity than L. salmonis and this may also be true
of C. clemensi, perhaps explaining the differences in abun-
dances observed in zone 1. Laboratory studies have documented
the adverse effects of reduced salinity on the hatching, devel-
opment, and survival of L. salmonis (Berger, 1970; Hahnen-
kamp and Fyhn, 1985; Johnson and Albright, 1991b; Tucker et
al., 2000). The few available field data tend to corroborate the
laboratory studies. Pemberton (1976) concluded that reduced
salinity played a role in the lower winter infestations of L. sal-
monis on sea trout (Salmo trutta) in Loch Etive, Scotland. Sim-
ilarly, residency in low-salinity water was one of several factors
to reduce L. salmonis infestation rates on sea trout in 2 fjords
in northern Norway (Rikardsen, 2004). Low salinity in the
Skagerrak was related to the reduced presence of C. elongatus
on sea trout over 2 winters and of L. salmonis in 1 winter
(Heuch et al., 2002), possibly by the exclusion of sea lice co-
pepodids from surface-orientated salmon smolts (Heuch et al.,
2005). Together, the laboratory and field observations indicate
the importance of low salinity in limiting the abundance of L.
salmonis and Caligus spp.

Despite the high prevalence of L. salmonis throughout much
of the study area, infections consisted primarily of early, non-
motile developmental stages. Similarly, early developmental
stages of C. clemensi dominated. The relatively low abundance
of adults of both sea lice species may be related to a loss of
the motile stages during or preceding fish capture. Indeed, adult
Caligus spp. stages display a tendency to swim from their hosts
(Pike and Wadsworth, 1999) and this locomotory behavior has
been described for L. salmonis (Kabata and Hewitt, 1971).
Swimming from the host may be one of several mechanisms to
explain the decline in the abundance of L. salmonis from ex-
perimentally infected salmon that has been repeatedly observed
during louse development (Johnson, 1993; Fast et al., 2002).
The effect is most pronounced on Pacific salmon (Oncorhyn-
chus spp.) and may be related to a host response (Fast et al.,
2002). Research is required to determine the mechanisms as-
sociated with the extremely low abundance of adult L. salmonis
on sticklebacks. In contrast, the relatively high percentage of L.
salmonis copepodids (and of C. clemensi chalimus I stages)
indicated exposures to new infections were ongoing throughout
the study. Considerable variation in the percentage of copepod-
ids of both species occurred among study zones, although it is
not clear whether this reflects differences in the abundance of
planktonic copepodids and, therefore, infection pressure. The
consistently low percentage of C. clemensi copepodids may be
related to the shorter duration of this stage, as was reported for
C. elongatus (Hogans and Trudeau, 1989) relative to L. sal-
monis (Johnson and Albright, 1991b). Variance-to-mean (V/M)
ratios greater than 1 throughout the study indicated that L. sal-
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monis and C. clemensi were overdispersed within the popula-
tion (Poulin, 1993). The lack of a significant relationship be-
tween sea lice intensity and condition factor suggested that the
observed infections did not adversely affect stickleback growth.
Although the low proportion of the larger and potentially harm-
ful motile stages of L. salmonis (Bjern and Finstad, 1998) sug-
gested any other impact was minimal, the consequences of sea
lice infection on stickleback require further laboratory study.

This study was conducted from mid-May to mid-June and
very little is known regarding sea lice on sticklebacks in this
area at other times of the year. Populations of marine, anadro-
mous, and freshwater three-spine stickleback occur in coastal
BC (McPhail, 1994); however, the extent to which strictly ma-
rine and anadromous forms differ in their spawning behaviors
is not clear and some authors have recognized only anadromous
and freshwater forms (Withler and McPhail, 1985). The stick-
lebacks examined in the present study are considered anadro-
mous, even though spawning may occur in brackish nearshore
habitats (Picard et al., 1989). In contrast to Pacific salmon (On-
corhynchus spp.), which migrate through the area, the stickle-
back is assumed to be nonmigratory. Given its evident suscep-
tibility, widespread distribution in the study area, apparent
abundance, and assumed nonmigratory behavior, the stickle-
back may be a useful sentinel species with which to monitor
spatial and temporal changes in the abundance of sea lice. The
factors that regulate sea lice abundance in coastal BC are not
well understood. A prominent oceanographic characteristic of
the study area is an estuarine circulation driven by winter pre-
cipitation and summer melting of glacial snow and ice (Brooks,
2005). This circulation resulted in the reduced surface salinity,
and correspondingly reduced sea lice abundances, associated
with those bodies of water farthest from the open ocean de-
scribed here. The highest abundances of sea lice were generally
observed in the high-salinity estuarine outflows nearest the open
ocean, consistent with the flushing of planktonic copepodids at
several cm/sec into this area (Brooks, 2005). Several salmon
farms are also located within the high-salinity outflows. In the
northeast Atlantic Ocean, salmon farms are important in the
epizootiology of L. salmonis (Heuch et al., 2005). It is evident
that considerable research is required to better understand the
distribution and abundance of sticklebacks in this marine eco-
system, the extent of seasonal changes in the abundance and
distribution of sea lice on sticklebacks, and the relationship be-
tween the sea lice on sticklebacks and on sympatric salmonids.
The relative roles played by local oceanography and farmed
salmon in regulating the abundance of sea lice also require clar-
ification.
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