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Observations of eleven Pseudo-nitzschia
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Abstract: Appearance of Pseudo-nitzschia species was observed in samples collected biweekly in
Tokyo Bay during April 2008—August 2009. Species identification was based on morphological
characteristics observed under light microscope (LM) and transmission electron microscope
(TEM). This is the first time that a periodic survey of this genus at species level was done in
the area. The following 11 species were found: P. americana, P. brasiliana, P. caciantha, P.
calliantha, P. delicatissima, P. galaxiae, P. fraudulenta, P. multistriata, P. multiseries, P.
pseudodelicatissima and P. pungens. The presence of five species, P. americana, P. brasiliana,
P. caciantha, P. calliantha and P. galaxiae is reported for the first time in Tokyo Bay.
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Introduction

Currently there are 32 species known in the
genus Pseudo-nitzschia (AMATO and MONT-
RESOR, 2008; CLEVE, 1897b; HASLE, 1965; HASLE,
1993; LUNDHOLM et al., 2002a; LUNDHOLM and
MogSTRUP, 2002; LuUNDHOLM et al., 2003;
PriisHOLM et al., 2002; Skov et al., 1999;
TAKANO, 1995). The type species of the genus,
P. seriata was renamed from Nitzschia seriata
CLEVE by PERAGALLO in (1897-1908). But it
was only in 1993 that half, i.e., 14 of the species
were transferred from Nitzschia to Pseudo-
nitzschia (HASLE, 1993).

Studies on this genus are numerous particu-
larly in Europe and North America. In contrast
studies of Pseudo-nitzschia in Southeast Asia
remain to be scant. Notable are taxonomic
works by LARSEN and NGUYEN (2004) that
identified Pseudo-nitzschia species in Vietnam
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waters and PRIISHOLM et al. (2002) that de-
scribed a new species, P. micropora found in
Thailand. TakaNO and KUROKI (1977) found
seven species of Pseudo-nitzschia, still under
Nitzschia that time, in various coastal waters
of Japan. These are P. delicatissima (N.
actydrophila), P. fraudulenta, P. multiseries
(N. pungens forma multiseries), P. pungens, P.
pseudodelicatissima, P. subfraudulenta, and P.
turgidula. Regular surveys of phytoplankton
in Tokyo Bay have reported the presence of
Pseudo-nitzschia, but their identification and
enumeration have been done only at the genus
level. As of this year 2010, there is no clear as-
sessment of Pseudo-nitzschia species composi-
tion in Tokyo Bay. Thus the purpose of this
study is to elucidate species composition of the
genus Pseudo-nitzschia in Tokyo Bay. Descrip-
tions and documentations put forth here are
for morphometric characterizations of local
populations and baseline data for future inves-
tigations of toxic or newly discovered taxa to
further ecological studies of Pseudo-nitzschia
in the area.
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Fig 1. Map of sampling stations. (http://gmt.soest.
hawaii.edu/)

Material and Methods
Field sampling

Samples collected by bucket from Odaiba sta-
tion (35°36'55"'N, 139°46'32”E) or by Van
Dorn Water Sampler from Stations 3 (35°33’
16”N, 139°54'29""E), 8 (35°25'24'N, 139°51'42"
E), 15 (35°36'24"'N, 139°57'48"E) and Funa-
bashi (35°38'43”N, 139°59'19”E) in Tokyo Bay
(Fig. 1) during April 2008—August 2009 were
assessed for presence of Pseudo-nitzschia. One
liter of sample was preserved with neutralized
formaldehyde at a final concentration of ap-
proximately 1 %. Another liter of sample re-
mained unfixed for culture strains establish-
ment.

Culture establishment

Pseudo-nitzschia cells were isolated by pick-
ing up single chains by -capillary method
(THRONDSEN, 1978). These were washed at least
three times with sterilized sea water under a
compound microscope and placed in 24-well
plates filled with /2 media (GUILLARD, 1975).
When cells are numerous enough, these were
then transferred to screw capped test tubes
with the same media. The culture conditions
were as follows: temperature 15°C (and/or 20
°C), light intensity 100 # mol photons m *s !
(daylight fluorescent lamps), salinity at 30 and
12L: 12D photoperiod.

Species observation and species confirmation
by TEM

Light microscope (LM) photomicrographs
were taken of live cells from the field, in culture
and preserved cleaned valves devoid of organic
material. Organic material was removed from
the cells as follows:

Aliquots of fixed Pseudo-nitzschia cells from
field and live cells from cultures were trans-
ferred to 15 ml centrifuge tubes. The live cells
were fixed with neutralized formaldehyde.
Cells were washed with milliQ water at least
three times prior to acid washing. Centrifug-
ations were done at 35,000 rpm for 10 minutes.
Organic material was dissolved following
LUNDHOLM et al. (2002b). The condensed sam-
ples (1 ml) were treated with 0.2 ml of 30% sul-
furic acid and 0.5-1 ml of saturated potassium
permanganate (KMnQ,) solution and were left
for 24 hours. And then 1-2 ml saturated oxalic
acid ((COOH),) was added until the purple
color turned out before the valves were washed
several times with distilled water to wash out
the acids. Drops of cleaned cells were mounted
on formvar coated copper grids and allowed to
dry. These were then observed under a JEM
2000EX JEOL Transmission Electron Micro-
scope (TEM). General shape of a cell, its length
and width, number of poroid rows, number of
poroid in 1z m, number of interstriae in 10 ¢
m, number of fibulae in 10 £ m and inner poroid
features were measured and noted. Pseudo-
nitzschia species were identified the following
several manuals and recent articles (HASLE and
SYVERTSEN, 1997; SKOV et al., 1999; LUNDHOLM
et al, 20022 and 2003; AMATO and
MONTRESOR, 2008).

Results
Culture strains

Ten species out of the 11 species of Pseudo-
nitzschia found in Tokyo Bay from sampling
period starting April 2008—May 2009 were es-
tablished into culture (Table 1). These were the
following: P. americana (4), P. brasiliana (3),
P. caciantha (1), P. calliantha (6), P. delicatis-
sima (1), P. fraudulenta (6), P. galaxiae (1),
P. multistriata (2), P. multiseries (2) and P.
pungens (7). Numbers in parenthesis are the
number of culture strains, all non-axenic, for
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Figs. 2-11. LM micrographs of 10 species.
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Fig. 2. P. americana, Fig. 3. P. brasiliana, Fig. 4. P. galaxiae, Fig. 5. P. caciantha, Fig. 6. P. calliantha, Fig.
7. P. delicatissima, Fig. 8. P. fraudulenta, Fig. 9. P. multistriata, Fig. 10. P. multiseries, Fig. 11. P. pungens.

Figs. 2, 3, 9: LM micrographs of live samples; Figs. 4-8, 10: LM micrographs of cleaned valves of cells in cul-
ture. Fig. 11. DIC micrograph of cell in culture. Scale bar = 10 £ m.

each species. These were useful for morpho-
metric measurements of species that rarely oc-
curred e.g.: P. delicatissima and P. galaxiae
and for tidy TEM photomicrographs. Dates of
isolation provide information on the days a

particular species appeared in the bay during
the sampling period.

Species Descriptions

Descriptions of each species in alphabetical
order follow herein. A summary of morpho-
logical characteristics of these species in Tokyo
Bay is shown in Table 2. Except for P. delicatis-

sima and P. galaxiae morphometric measure-
ments of which are from newly established cul-

tures, all measurements are from field samples
in Tokyo Bay.

Pseudo-nitzschia
FRYXELL in HASLE
Figs. 2, 12
LUNDHOLM et al., 2002a. pp. 483-484, Figs. 1-20.
ORLOVA and SHEVCHENKO, 2002, pp. 336-339,
Fig. 1. KACZMARSKA et al., 2005, pp. 4-7, Figs.
2-13, Table 1.

Synonym: Nitzschia americana HASLE

americana (HASLE)
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Table 1. Strains of Pseudo-nitzschiaand their corresponding origin and dates of isolation.

Name Strain No. Origin Date of Isolation Collector/Isolator
P. americana TBaMO01 Tokyo Bay, JP 16 March 2009 L. Yap-Dejeto
P. americana TBaAO1 Tokyo Bay, JP 04 April 2009 L. Yap-Dejeto
P. americana TBaA02 Tokyo Bay, JP 04 April 2009 L. Yap-Dejeto
P. americana TBaA03 Tokyo Bay, JP 04 April 2009 L. Yap-Dejeto
P. brasiliana TBbAO1 Tokyo Bay, JP 09 April 2008 L. Yap-Dejeto
P. brasiliana TBbS01 Tokyo Bay, JP 24 September 2008 L. Yap-Dejeto
P. brasiliana TBbS02 Tokyo Bay, JP 24 September 2008 L. Yap-Dejeto
P. caciantha TBec03 Tokyo Bay, JP 18 November 2008 L. Yap-Dejeto
P. calliantha TBecll1101 Tokyo Bay, JP 11 May 2009 L. Yap-Dejeto
P. calliantha TBcll1102 Tokyo Bay, JP 11 May 2009 L. Yap-Dejeto
P. calliantha TBecl2502 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. calliantha TBcl2503 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. calliantha TBcl2507 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. calliantha TBcl2508 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. delicatissima TBd05 Tokyo Bay, JP 07 July 2008 L. Yap-Dejeto
P. fraudulenta TBfJ02 Tokyo Bay, JP 07 July 2008 L. Yap-Dejeto
P. fraudulenta TBf1101 Tokyo Bay, JP 11 May 2009 L. Yap-Dejeto
P. fraudulenta TBf1102 Tokyo Bay, JP 11 May 2009 L. Yap-Dejeto
P. fraudulenta TBf2504 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. fraudulenta TBf2505 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. fraudulenta TBf2506 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. galaxiae TBg01 Tokyo Bay, JP 25 May 2009 L. Yap-Dejeto
P. multiseries Kums Kushimoto, JP 5 March 2008 T.OMURA/L. Yap-Dejeto
P. multiseries TBms01 Tokyo Bay, JP 15 June 2008 L. Yap-Dejeto
P. multistriata TBma01l Tokyo Bay, JP 21 October 2008 L. Yap-Dejeto
P. multistriata TBma02 Tokyo Bay, JP 21 October 2008 L. Yap-Dejeto
P. pungens TBpuA00 Tokyo Bay, JP 15 April 2008 L. Yap-Dejeto
P. pungens TBpuAO1 Tokyo Bay, JP 15 April 2008 L. Yap-Dejeto
P. pungens TBpuA03 Tokyo Bay, JP 15 April 2008 L. Yap-Dejeto
P. pungens TBpud01 Tokyo Bay, JP 07 July 2008 L. Yap-Dejeto
P. pungens TBpud02 Tokyo Bay, JP 07 July 2008 L. Yap-Dejeto
P. pungens TBpud03 Tokyo Bay, JP 07 July 2008 L. Yap-Dejeto
P. pungens TBpul3 Tokyo Bay, JP 16 March 2009 L. Yap-Dejeto

HASLE, 1964, pp. 41-44, P1. 1, Fig. 4, P1. 14, Figs.
13-19, PL. 15, Figs. 7-10.

HASLE, 1974, p. 427. HASLE and SYVERTSEN,
1997, p. 324, P1. 73.

Morphological Description:

Cells are linear to lanceolate with broadly
rounded ends with no central interspace in
valve view and almost linear with cut ends in
girdle view. This cell’s apical axis is between 15
—21 £ m and transapical axis about 2.3-2.9 u m.
Two rows of poroids, sometimes three are pre-
sent in striae (circled with arrow, Fig. 12b).
Poroids in 1 £ m are about 8-10. Interstriae in
10 £ m are about 38-43, and fibulae in 10 # m
are from 19-23.

Occurrence in Tokyo Bay:

This species was observed in March, April,
June, July, August and September at tempera-
tures of 14.5-27.5°C and salinity at 31-34. P.
americana is reported to for the first time here.
LUNDHOLM et al. (2002a) reported P. americana
from Japan (34°50°, 139°31") to be epiphytic to
Chaetoceros. We also found P. americana to be
epiphytic to some Chaetoceros species e.g.: C.
affinis, C. lorenzianous, C. socialis among oth-
ers from Tokyo Bay (Fig. 23).

Remarks:

This species was first described as Nitzschia
americana by HASLE in 1964. It was recently re-
defined by LUNDHOLM et al. (2002a) to separate
two species within P. americana complex, P.
brasiliana and P. linea.



Table 2.

11 Pseudo-nitzschia species in Tokyo Bay

Bay. Numbers in italics found below an entry are from original descriptions of the species.
(*AMATO et al., 2007; ** based from photomicrograph of original description)

Morphometric characteristics of the eleven species observed during April 2008- August 2009 in Tokyo

Shape central length width  rows of poroids Interstriae Fibulae poroid
P interspace (xm) (#gm)  poroids inlgm inl0gm in10gm sectors
P. americana , beent 1521 2329 23 810 3843 19-23
(n=18) mear - absent g of 9545 2-3 §10 2631 18-24
P. brasiliana i beent 2302 243 23 7-85  24-26 19-24
(n=14) mear - absent o g5 1816 23 710 2026 20-26
P. caciantha lanceolat resent 32-33 2.1-2.2 1 3-5 32-35 16-19 2-6
(n=6) anceotate DIOSONL so75 2785 1 355 2831 1522 26
P. calliantha , . 6987 1323 1 35 3239 1520  4-13
(n=50) mear. Present s 86 1447 1 46 3439 1722 several
P. delicatissima . ., 5065 1315 2 1112 36-38 93-95
(n=20) mear - present 079 112 2 10-12 3641 19-25
P. fraudulenta spindle- : 55-89 3.4-10 2-3 4.5-7 21-27 19-25
(n=26) shaped P'"" 50119 4510 23 57 1824 12-24
P. galaxiae | It . 225 1516 — — 55-57 15-16
(n=20) anceolate present o5 41 1.2-1.7 56-64 16-26
P. multistriata . beent 47853 2332 2 9-12  40-42 94-99
(n=44) mear — absent ;o g5 3136 2 17 37-42 23-26
P. multiseries linear- beent 76-89 2956 36 56 11-16 12-16
(n=22) lanceolate “*°°"" 68140 346 34 46 10-19 10-19
P. pungens linear- absent 70-92 2.9-5 2 3-5 11-17 12-17
(n=32) lanceolate 2% T4-174  2.4-53 1-2 4 9-16 6-16
P. pseudodeli- lnear oresent 1.8 1 448 30 16 9
catissima (n=1) pres 50-140  0.9-1.6 1 46 3046 14-16 2

Type locality of P. americana is in Atlantida,
Uruguay (LUNDHOLM et al., 2002a). P. ameri-
cana is a common epiphyte on Chaetoceros,
Odontella (LUNDHOLM et al., 2002a) and some-
times Bacteriastrum (FRYXELL et al., 1990;
HASLE and SYVERTSEN 1997). It has been found
in tropical to temperate waters in the world
(LUNDHOLM et al., 2002a).

Pseudo-nitzschia  brasiliana
HasLE and FRYXELL

Figs. 3, 13

LUNDHOLM et al., 2002a, pp. 484487, Figs. 21—
45.

LARSEN and NGUYEN, 2004, pp. 30-31, P1. III,
Figs. 1, 34. VILLAC et al., 2005, pp. 139-145,
Figs.2-3. QUIJANO-SCHEGGIA et al., 2009a, pp.
100-107, Fig. 2.

LuNDHOLM,

Morphological Description:

Cells are broadly linear, cigarette-shaped
with broadly rounded tips in valve view and lin-
ear with truncate ends in girdle view. Apical

axis is from 23-52 £ m and transapical axis at
2.4-3 pm. No central interspace is found. Two
rows of poroids, sometimes three near the bor-
der between valve face and mantle can be
clearly seen under TEM (Fig. 13b). Poriods in
1 m are about 7-8.5 small and closely spaced.
Interstriae in 10 x m are about 24-26 and the
fibulae in 10 £ m are in the range of 19-24.
Overlap of chains is within 1/8-1/11 of the
cell’s length.

Occurrence in Tokyo Bay:

This species was observed during the months
of April, July, and September at temperatures
of 14.5-26.4°C and salinity at 33-34. P. brasilia-
na is reported for the first time here.

Remarks:

The approximately equal number of fibulae
and striae, the coarser silicification, the single
row of poroids in the girdle bands, the slightly
longer length, the formation of stepped colo-
nies and the planktonic mode of living are
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Figs. 12-21. TEM micrographs of species observed in Tokyo Bay brought in culture.
A set of micrographs per species consists of: the whole valve (a), valve tip (b), and a section of the valve
showing pores (c). Fig. 12. P. americana (arrow point to circled striae with 3 rows of poroids), Fig. 13. P.
brasiliana Fig. 14. P. caciantha, Fig. 15. P. calliantha, Fig. 16. P. delicatissima, Fig. 17. P. fraudulenta, Fig.
18. P. galaxiae, Fig. 19. P. multistriata, Fig. 20. P. multiseries, Fig. 21. P. pungens. Scale bars: (a) = 10 zm;
valve section showing pores and tip (b and ¢) = 1 zm. Arrowheads point to central interspaces, respectively.

features distinguishing P. brasiliana from P.
americana under LM. P. brasiliana differs
from P. americana under EM by the morpho-
metric measurements found in Table 2.

Type locality of this species is in Sepetiba
Bay, Brazil (LUNDHOLM et al., 2002a). P. bra-
siliana is distributed mainly in warmer waters.
Brazil, Vietnam, Gulf of Panama, Gulf of Mex-
ico, Gulf of California, Vietnam, Indonesia (Ja-
karta Harbour), Thailand and Jinhae Bay, and
S. Korea (LUNDHOLM et al., 2002a).

Pseudo-nitzschia
HASLE and FRYXELL
Figs. 5, 14
LUNDHOLM et al., 2003, pp. 806-809, Figs. 5 A-F,
Table 2.

Synonym: P. pseudodelicatissima
HASLE 1993 pro parte

caciantha LuNDHOLM,

(HASLE)

Morphological Description:

Cells at valve view are lanceolate tapering
from the middle towards the tips and appear al-
most asymmetrical. A central interspace is pre-
sent (Fig. 14a, arrowhead). Its apical axis is
around 32-33 4 m and around 2.1-2.2 £ m
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transapical axis. One row of poroid is found in
striae. Poroids are large and are 3-5 in every
1 #m partly closed by a membrane with 2-6
sectors of poroid hymen (Fig. 14c). Interstriae
in 10 # m are about 32-35, while fibulae in 10
¢ m are about 16-19.

Occurrence in Tokyo Bay:

This species was observed in Tokyo Bay dur-
ing the months of July and November at tem-
peratures of 16.9-24.1°C and salinity at 31-33.
P. caciantha is reported for the first time here.

Remarks:

This species was described by LUNDHOLM et
al. (2003) from P. pseudodelicatissima com-
plex. P. caciantha is distinguished from the
“true” P. pseudodelicatissima by morphometric
measurement observed under EM (Table 2).

The morphometric measurements of P. caci-
antha from this study matched up more with a
newly described species, P. mannii (AMATO and
MONTRESOR, 2008) than with P. caciantha in
terms of length: measurements for this species
was at 32-38 um, P. manni was at 33-130 u m
while P. cactantha was at 53-75 ¢ m; width: this
study at 2.1-2.2 um, P. manni at 1.7-2.6 u m, P.
cactantha at 2.7-3.5 £ m; interstriae in 10 £ m:
this study at 32-38, P manni at 30-40, P. caci-
antha at 28-31 and fibulae in 10 £ m: this study
at 1619, P. manni at 17-19, P. caciantha at 15—
22. But according to AMATO and MONTRESOR
(2008), P. manni is primarily differentiated
from P. caciantha in three aspects: (1) the
valve shape which is linear in P. manni while
lanceolate in P. calliantha, (2) cell width, and
(3) the pattern of sectors in P. caciantha where
the poroids do not bear a central sector while P.
manni has 3.6% poroids bearing central sectors.
Our strain is lanceolate and all poroids do not
have a central sector. Thus this was identified
as P. caciantha.

Type locality of this species is Off Tuxpam,
Mexico (LUNDHOLM et al, 2003). This was
found in Mexico, Andaman Sea, near Phuket
Island Thailand (LuNDHOLM et al., 2003).
Pseudo-nitzschia calliantha  LUNDHOLM,
MOESTRUP and HASLE
Figs. 6, 15

LUNDHOLM et al., 2003, pp. 801-804, Figs. 2, A-
G, Table 2.

BARGU et al, 2002, pp. 480-482, Figs. 1-2.
LARSEN and NGUYEN, 2004, pp. 32-33, Figs. 5-8.
CAROPPO et al., 2005, pp. 763-774, Figs. 3a and
c. FEHLING et al., 2006, pp. 32-33, Figs. 5-8.
BESIKTEPE et al., 2008, p. 440, Figs. 2-3.
Synonym: P. pseudodelicatissima (HASLE)
HASLE 1993 pro parte

HASLE et al., 1996, pp. 149-150, Figs. 2629, 76—
81, Tables 1, 2, 8.

SKOV et al., 1999, pp. 13-15, Figs. 10A-G. PHLIPS
et al., 2004, pp. 41-42, Fig. 2.

Morphological Description:

Cells at valve view are straight and linear
and abruptly taper to rounded tips. A central
interspace is present (Fig. 15a, arrowhead). A
single row of poroids and about 3-5 large
poroids in 1 #zm are found in striae. Each poroid
is divided by hymen to form “flower
(calliantha) like appearance, with one “central
disc” and about four to 13 “petals” around it
(Fig. 15¢). Interstriae in 10 £ m are about 32—
39; fibulae in 10 £ m are from 15-20. Its apical
axis is runs from 69-87 £ m and transapical
axis at 1.3-2.3 y m.

Occurrence in Tokyo Bay:

This species was observed during the months
of May, June, July, August, September and
November at temperatures of 17.8-27.5°C and
salinity at 31-33. P. calliantha is reported for
the first time here.

Remarks:

P. calliantha is distinguished from the
“true” P. pseudodelicatissima by the following
features observed under EM: Poroids in 1 #m
for P. calliantha is 4-6 while for P. pseudodeli-
catissima, it was 56. Interstriae in 10 x m for
P. calliantha are 34-39 while P. pseudodelica-
tissima is at 36-43. Fibulae in 10 x m for P.
calliantha are at 17-22 while P. pseudodelica-
tissima is at 20-25. Inner poroid sectors of P.
calliantha are 7-10 with central poroid sector
while P. pseudodelictassima has only two sec-
tors.

Type locality of this species is in Ejby,
Isefjorden, Sealand, Denmark (LUNDHOLM et
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al., 2003). This is cosmopolitan (SKOV et al.
1999, LUNDHOLM et al., 2003).
Pseudo-nitzschia  delicatissima (CLEVE)
HEIDEN

Figs. 7, 16

HEIDEN and KOLBE, 1928.

HASLE et al., 1996, pp. 147-149, Figs. 23-25, 70—
75, Tables 1, 2, 7. SKOV et al., 1999, pp. 813,
Figs. 9A-J. STEHR, et al., 2002, p. 59, Figs. 3G
and H. CUSACK et al., 2004, pp. 58-71, PL. V.
LARSEN and NGUYEN, 2004, pp. 35-36, Pl. 1V,
Figs 2, 4, 8. CAROPPO et al., 2005, pp. 765, Fig.
3C. KACZMARSKA et al., 2005, p. 8, Figs. 14-23.
FEHLING et al., 2006, pp. 9597, Fig. B.
LUNDHOLM et al., 2006, pp. 467470, Figs. 1A-G,
Table 4. SCHNETZER et al., 2007, pp. 377-378,
Figs. 4c and d.

Synonym: Nitzschia delicatissima CLEVE
CLEVE 1897 b. p. 24.

Nitzschia actydrophila HASLE

HASLE, 1965, pp. 35-37, PL. 2, Fig. 10, PIL. 15,
Figs. 19-23, Pl. 16, Figs. 3-7.

Pseudo-nitzschia arenyesis QUIJANO-SCHEGGIA,
GARCES, LUNDHOLM

QUIJANO-SCHEGGIA et al., 2009b, pp. 506-508,
Figs. 30-34.

Morphological Description:

Cells in valve view are narrow and linear-
lanceolate with straight cut tips while linear
with straight cut ends in girdle view. A central
interspace is present (Fig. 16a, arrowhead).
There are two rows of poroids (Fig. 16b) and
about 11-12 small poroids in every 1 x m.
Interstriae in 10 £ m are about 36-38; fibulae in
10 £ m are about 23-25. Apical axis around 50—
65 £ m and transapical axis at 1.3-1.5 ¢ m.
Overlap of chains is within 1/7-1/10 of the
cell’s length.

Occurrence in Tokyo Bay:

This species was observed once on the months
July, 2008 at temperature of 24.1°C and salinity
at 31.

Remarks:

P. delicatissima can be easily distinguished
from P. pseudodelicatissima, P. caciantha and
P. calliantha by having two rows of poroids

instead of one as the other three species have. It
is more linear than P. caciantha and has wider
transapical axis compared to P. pseudodelica-
tissima and P. calliantha. Its ends seem cut-off
when viewed under LM (Fig. 7).

The name  Pseudo-nitzschia  arenyesis
QUIJANO-SCHEGGIA, GARCES, LUNDHOLM is con-
sidered here as a synonym of P. delicatissima.
Diagnosis for this name compared with P.
delicatissima stipulates that there is no differ-
ence morphologically between P. delicatissima
and P. arenysensis, but in helix I of ITS2 rDNA
(QUIJANO-SCHEGGIA et al., 2009b). Considering
that ITS2 is not transcribed and its high
intraspecific variability, make this a weak cri-
terion for species determination. Other regions
of DNA should be investigated and compared.
Further studies should be made to find distin-
guishing morphological characteristics that
separates P. delicatissima and P. arenyesis.

Type locality for P. delicatissima is not des-
ignated. This is widely distributed in arctic
(CaroOPPO et al., 2005; SKOV et al., 1999), tem-
perate (TAKANO and KUROKI, 1977; FRAGA et
al., 1998; Skov et al., 1999; CUSACK et al., 2004;
KACZMARSKA et al., 2005; FEHLING et al., 2006,
SCHNETZER et al., 2007), and subtropical waters
(HASLE, 1965; SKov et al., 1999; LARSEN and
NGUYEN, 2004).

Pseudo-nitzschia fraudulenta (CLEVE) HASLE
Figs. 8, 17

HASLE et al., 1996, pp. 144-146, Figs. 17-19, 57—
61, Tables 1, 2, 6.

STEHR, et al., 2002, p. 59, Figs. 3G and H.
CUSACK et al., 2004, pp. 58-72, P1. IV, Figs. a-f.
KACZMARSKA et al., 2005, pp. 8-11, Figs. 14-23.
FEHLING et al., 2006, pp. 97-98, Fig. C.
CONGRESTRI et al., 2008, p. 201, Figs. 2a-f.
Synonym: Nitzschia fraudulenta P.T. CLEVE
CLEVE 1897a, p. 300, Fig. 11.

HasLE 1965, pp. 15-18, PL.1, Figs. 2-3, Pl. 4,
Figs. 8-10, PL6,

Figs. 5-10, P18, Figs. 1 3. TAKANO and KUROKI,
1977, p. 43, Figs. 3, 14-18.

Pseudo-nitzschia seriata var. fraudulenta (P.T.
CLEVE) H. PERAGALLO

H. PERAGALLO in H&M PERAGALLO, 1900.
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Morphological Description:

Cells in valve view are symmetric and spindle-
shaped with straight cut tips. A central
interspace is present (Fig. 17a, arrowhead).
Two or a few times three rows of poroids and
about 4.5-7 poroids with star-shaped mem-
branes in every 1#m are in striae (Fig. 17b).
Interstriae in 10 # m are about 21-27; 19-25
fibulae in 10 z m. Apical axis is around 55-89
#m and 3.4-10 £ m transapical axis.

Occurrence in Tokyo Bay:

This species was observed in May, June and
July at temperatures of 18.8-24.1°C and salin-
ity at 31.

Remarks:

P. fraudulenta, like P. delicatissima has
striae which consisted of two rows of poroids
and valves with central insterspace. But it is
very different from P. delicatissima because it
is wider more lanceolate or spindle-shaped;
more heavily silicified than the latter, and has
larger pores with star-patterned inner poroids
within each pore.

Type locality of this species is in Plymouth
Harbour, England (HASLE et al, 1996). Re-
ports of its occurrence include Atlantic Moroc-
can waters, N. Atlantic; Skagerrak (HASLE,
1965), and temperate waters (TAKANO and
KUROKI, 1977; RINES et al., 2002; CUSACK et al.,
2004; KACZMARSKA et al., 2005; FEHLING et al.,
2006; ALMANDOZ et al., 2007).

Pseudo-nitzschia galaxiae LUNDHOLM and
MOESTRUP

Figs. 4, 18

LunpHOLM and MOESTRUP, 2002, pp. 596-601,
Figs. 1-22.

CERINO et al., 2005, pp. 347-39, Figs. 1A-E, 2A-
H.

Morphological Description:

Cells in valve view are lanceolate with
rostrate apices. A central interspace is present
(Fig. 18a, arrowhead). Rows of poroids are
tiny, about 3-4 £ m wide. Poroids are very tiny
(Fig. 18¢c) and spread all over the valve. These
are difficult to count. Interstriae in 10 g m is
about 55-57 and fibulae in 10 # m is about 15-16

and barely seen in LM. This tiny cell has an
apical axis of around 24-25¢m and 1.5-1.6 um
transapical axis. Chains of about 2—4 cells were
observed in culture.

Occurrence in Tokyo Bay:
This species was observed once in May, 2009
at temperature of 18.8°C and salinity at 31.

Remarks:

P. galaxiae is also a tiny species almost the
same size as P. americana and P. brasiliana.
Under the LM, it may be mistaken for P. bra-
siliana as it is also planktonic and form short
chains. But it is very different from P. america-
na and P. brasiliana when viewed under the
EM. P. galaxiae has a central interspace while
the two other species do not have one. Its shape
tapers to rostrate ends while the former two
species are linear. P. americana and P. brasilia-
na have distinctly round poroids arranged in
two rows. But P. galaxiae have very tiny
poroids scattered all over the valve which are
not arranged in rows.

Type locality for this species is in Off
Tuxpam, Mexico (LUNDHOLM and MOESTRUP
2002). This is also found in Caribbean coast of
Mexico off Tuxpam; Sydney, N.S.W. Australia;
Bay of Naples, Italy (LunpHOLM and
MogsTRUP 2002; CERINO et al., 2005).
Pseudo-nitzschia  multistriata
TAKANO
Figs. 9, 19
TAKANO, 1995, pp. 73-74. RHODES et al., 1998,
pp. 463-465, Figs. 1A-F. LARSEN and NGUYEN,
2004, pp. 41-43, P1. VII, Figs. 1-4.

Synonym: Nitzschia multistriata
TAKANO, 1993, pp. 3941, Figs. A-E, Table 1.

(TAKANO)

Morphological Description:

Cells at valve view are narrow, linear, taper-
ing near the ends for a longer or shorter dis-
tance towards rounded apices. There is no
central interspace. Two rows of poroids and
about 9-12 poroids are found in 1 zm (Fig.
19¢). Interstriae in 10 z m are about 4042, and
fibulae in 10 u m range from 24-29. Apical axis
is around 47-53 £ m and transapical axis at 2.3—
3.2 £ m. There are also two types of P.
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multistriata encountered here as originally de-
scribed: one with uniform striations and an-
other with uneven striations (Figs. 24 a and b).

Occurrence in Tokyo Bay:

This species was observed in June, July,
August, September and October at tempera-
tures of 19.9-27.5°C and salinity at 31-34.

Remarks:

P. multistriata may be distinguished by its
curved ends or characteristic sigmoid shape
when observed in girdle view under LM (Fig.
19). Valves of this species have striae which
consisted of two rows of poroids similar to P.
Jfraudulenta and P. delicatissima. Unlike these
two species, P. multistriata has no central
interspace.

Type locality for this species is in Fukuoka
Bay, Japan (TAKANO, 1993). Reports of its dis-
tribution include China (QI et al. 1996), Gulf of
Naples, Italy (SARNO and DAHLMANN, 2000,
Japan, Korea, Malaysia, Vietnam (LARSEN and
NGUYEN, 2004) and in Sea of Japan (ORLOVA et
al., 2008).

Pseudo-nitzschia multiseries (HASLE) HASLE
Figs. 10, 20

SKoOV et al., 1999, pp. 15-17, Figs. 11A, B, G, 1.
STEHR, et al., 2002, p. 58, Figs. 2 B and C.
KACZMARSKA et al., 2005, pp. 11-12, Figs. 30-34.
Synonym: Nitzschia pungens f. multiseries G.
R. HasLE 1965

HasLE, 1965, pp. 14-15, PL. 2, Figs. 1-2, PL5,
Figs. 10-12, Pl. 6, Fig.4, PL. 7, Figs. 9-11.
TAKANO and KUROKI, 1977, p. 43, Figs. 2, 10, 12
-13 vix 9, 11.

Pseudo-nitzschia pungens f. multiseries G.R.
HasLE 1993

HASLE, 1993, p.39. VILLAC et al., 1993, pp. 215~
217, Figs. 1-2.

Morphological Description:

Cells are symmetric and linear-lanceolate in
both the valve and girdle views. There is no cen-
tral interspace. Apical axes are at 76-89 £ m
and transapical axis at 2.9-5.6 u m. Three (Fig.
20c) and up to six (not in photo) rows of
poroids are found in a striae with about 56
poroids in every 1 u#m (Fig. 20c). Interstriae in

10 £ m are about 11-16, fibulae about 12-16 in
10 £ m.

Occurrence in Tokyo Bay:

This species was observed in April, May,
June, July, August and September at tempera-
tures of 14.5-27.5°C and salinity at 31-34.

Remarks:

P. multiseries was formerly called as P.
pungens f. multiseries (HASLE, 1965). This is
now considered as a separate species from P.
pungens based on morphological, physiological
and genetic data (HASLE, 1995). Morphological
characteristics that separate P. multiseries
from P. pungens are the different number of
rows of poroids (HASLE, 1965). P. multiseries
has three and as many as six rows of poroids
especially near the border between valve face
and mantle. P. pungens has three to four
poroids in 1 £ m while P. multiseries has four to
six poroids in 1um.

Type locality of this species is in Drebak,
Oslofjord, Norway. Reports of its distribution
are mainly in temperate waters (HASLE, 1965;
SKoV et al., 1999; TAKANO and KUROKI, 1977,
KOTAKI et al., 1996; OrRLOVA et al., 2008).
Pseudo-nitzschia pungens (GRUNOW ex
CLEVE) HASLE
Figs. 11, 21
HASLE et al., 1996, pp. 138-140, Figs. 3-6, 30-37,
Table 1-3.

SKov et al., 1999, pp. 17-19, Figs. 11C-F, H.
STEHR, et al., 2002, pp. 57-58, Figs. 2A and B.
CUSACK et al., 2004, pp. 5863, PL. 1, Figs. a-j,
Table 2. LARSEN and NGUYEN, 2004, pp. 43-45,
P1. VIII, Figs. 1-3.

CHEPURNOV et al., 2005, pp. 382-383, Figs. 3, 4—
6, Table 2. KACZMARSKA et al., 2005, p. 16, Figs.
48-52.

Synonym: Nitzschia pungens Grunow ex P.T.
CLEVE 1897b

HASLE, 1965, pp. 12-14, PL. 1, Figs. 4-5, Pl 5,
Figs. 779, Pl. 6, Fig. 3, P1. 7, Figs. 1-8.

Morphological Description:

Cells are symmetric and linear to lanceolate
in both the valve and girdle views. Apical axis
is around 70-92 £ m and transapical axis at 2.9~
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Fig. 22. TEM micrograph of a valve section of P.
pseudodelicatissima showing pores and inner
pore feature divided into two. Scale bar = 1 £ m.

51 m. No central interspace can be observed.
Two rows of poroids are present (Fig. 21c) and
about 3-5 poroids in every 1 m are counted
(fig. 21b) under the TEM. Interstriae in 10
m are about 11-17; fibulae at 12-17. Overlap of
chains is within 1/3-1/4 of the cell’s length.

Occurrence in Tokyo Bay:

This species was observed in March, April,
May, June, July, August and September at
temperatures of 12.3-27.5°C and salinity at 31—
34.

Remarks:

P. pungens has larger pores and is the most
heavily silicified based on sharpness of TEM
micrographs among all Pseudo-nitzschia

Fig. 23. LM micrograph of P. americana (shown by
arrows) epiphytic to Chaetoceros affinis. Scale
bar = 20 zm.

SRR
g s

Fig. 24. TEM micrograph of P. multistriata (a)
regular striations of interstriae, (b) irregular
striations of interstriae. Scale bar = 1 £ m.

species in this study. The interstriae of this
species are widely spaced as another species, P.
multiseries. This, plus the resemblance with
size and shape made these two species appear
similar. The number of rows of poroids distin-
guishes P. pungens from P. multiseries (Figs.
20c, 21c). P. pungens has two rows of poroids
that consisted of larger poroids while P. multi-
series has three or more.

Type locality of this species is in Yeddo Bay
(Tokyo Bay), Japan (HASLE, 1965). HASLE and
FRYXELL in 1995 reported this to be a cosmo-
politan species. This was further supported by
CASTELEYN et al. (2008) who reported global
distribution of one strain of P. pungens.

Pseudo - nitzschia pseudodelicatissima
(HASLE) HASLE
Fig. 22
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LuNDpHOLM et al., 2003, p. 801. Figs. 1A-G, Ta-
ble 2. non HASLE et al., 1996, pp. 149-150, Figs.
26-29, 76-81, Tables 1, 2, 8. non SKOV et al.,
1999, pp. 13-15, Figs. 10A-G. non CUSACK et al.,
2004, pp. 5863, P1. VI, Figs. a-f. non PHLIPS et
al., 2004, pp. 41-42, Fig. 2. non FEHLING et al.,
2006, pp. 9597, Fig. C. KACZMARSKA et al,
2005, pp. 12-16, Figs. non 35-38 vix 39 non 10—
47.

Synonym: Nitzschia pseudodelicatissima G.R.
HASLE 1976

TAKANO and KUROKI, 1977, p. 44, vix Figs. 21—
25.

Nitzschia delicatula HASLE 1965

HASLE, 1965, pp. 37-40, P1. 4, Figs. 4 -5, P1. 16,
Figs. 8-18, P1. 17 Figs. 1-16 non 14-16.

Morphological Description:

There was only one broken valve of this cell
observed during the sampling period. It is lin-
ear in shap. A central interspace is present for
this species (not found in micrograph).
Transapical axis was at 4.8 £ m. Apical axis
was not measured since an intact valve was not
observed. A single row of poroids was found in
striae and poroids in 1 £ m is about 4-4.8, di-
vided by a membrane into 2 sectors of inner
poroids. Interstriae in 10 £ m were calculated to
about 30 and fibulae in 10 £ m at 16.

Occurrence in Tokyo Bay:
This species was observed on July, 2009 at
temperature of 24.5°C and salinity at 31.

Remarks:

P. pseudodelicatissima is recently emended
by LunDHOLM et al. (2003). This species was
split in three; P. pseudodelicatissima, P. cacian-
tha and P. calliantha based on inner poroid
features among others. This publication distin-
guished these three species mainly by sectors
dividing each poroid wherein 7-10 in P.
calliantha, 2 in P. pseudodelicatissima and 4-5
or 2-6 (AMATO et al, 2007) in P. caciantha
with no central perforated area. It was only P.
calliantha which had a central perforated area
surrounded by similar sized sectors inside its
poroid. P. pseudodelicatissima at 50-140 £ m in
length, 1.5-3.4 £ m in width, 30-46 interstriae
and 14-26 fibulae per 10 x m (HASLE, 1965) was

emended by LUNDHOLM et al. (2003) to 54-87
1 m length, 0.9-1.6 ym width, 3642 and 20-25
in 10 # m respectively.

Identification of P. pseudodelicatissima com-
plex before and even after LUNDHOLM et al,
2003 need to be restudied to ascertain proper
identification of species. For example, Figs. 1—
16 in HASLE (1965) identifications in HASLE et
al. (1996), SKoV et al. (1999) and PHLIPS et al.
(2004) based on inner poroid features are
clearly P. calliantha. Figures in, FEHLING et al.
(2006) CUSACK et al. (2004) and KACZMARSKA
et al. (2005) have four sectors and thus could be
P. caciantha or P. mannii (AMATO and
MONTRESOR, 2008). Inner poroid features of
figures in TAKANO and KUROKI (1977) are not
visible.

Type locality for this genus is in Denmark
Strait. Other reports of it occurrence are near
Iceland off Costa Nova, Portugal and Napoli,
Italy (LUNDHOLM et al., 2003).

Discussion

During the survey conducted in April 2008
—August 2009 in Tokyo Bay, 11 species of
Pseudo-nitzschia which were critically identi-
fied using TEM are yielded. This report of 11
species found in one bay is higher compared to
reports in other bays e.g. eight, in Irish waters
(CUusacKk et al, 2004) and Argentina
(ALMANDOZ et al., 2007) and seven in Bay of
Fundy, Canada (KAKZMARSKA et al., 2005).
Further studies of Pseudo-nitzschia in this
area, e.g.. ecological in nature should prove
productive. Species previously reported to pro-
duce domoic Acid are the following: P.
calliantha (LUNDHOLM et al., 2003; BESIKTEPE
et al, 2008), P. delicatissima (SMITH et al.,
1991), P. fraudulenta (RHODES et al., 1998), P.
galaxiae (CERINO et al., 2005), P. multistriata
(SARNO and DAHLMAN, 2000; AMATO et al.,
2010), P. multiseries (BATES et al.,1989; KOTAKI
et al., 1996), P. pungens (RHODES et al., 1996;
TRAINER et al., 1998). Most of toxic P. pseudo-
delicatissima have been found to be P. cal-
liantha but there are still some unresolved
toxic reports that attribute to this species (e.g.
KACZMARSKA et al., 2005).

Five species are reported for the first time
here. These are the following: P. americana, P.
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brasiliana, P. caciantha, P. calliantha and P.
galaxiae. Morphometric characterizations of
local populations and baseline data are pro-
vided herein for future investigations of toxic
or newly discovered taxa. Methods are cur-
rently devised to aid species enumeration by
LM to further ecological studies of Pseudo-
nitzschia in the area.
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Seasonal Variations of the oceanic condition off Sanrihama

Beach, Nemuro I. Temperature structure

Keiichi Nagase”, Kimihiro Aikawa", Isao Hakata”, and Yutaka Nagata®

Abstract: The Nemuro City Fisheries Research Institute installed bottom temperature measur-
ing sensors off Sanrihama Beach, Nemuro, in order to know seasonal variations of environ-
mental circumstance of Hanasaki crabs. We set 8 stations along a straight line extended
offshore, and the observations were made from December 28, 2005 through May 13, 2009.
Depths of stations are 5, 10, 15, 20, 30, 40, 50, and 60m. STD observations were made at the time
of replacement of measuring systems or at that of exchange of data loggers. Though some of
measuring systems were often lost due to severe storms or due to fishing activities, we could
clarify peculiar seasonal variations of temperature structure in the sea under consideration. In
“summer season” or in “winter seasons”, temperature is basically vertically uniform at each
station, except in surface thermocline, but temperature decreases toward offshore in “summer
season” and increases toward offshore in “winter season". These horizontal temperature gradi-
ents are the same as those in the flow regions of the East Hokkaido Warm Current and of the
Coastal Oyashio, respectively. The phases of “summer season” and “winter season” appear to
advance by about 3 months than that of the East Hokkaido Warm Current or of the Coastal
Oyashio, respectively. Besides, melted water of sea ice which originated from the Okhotsk Sea
cannot produce very cold water (say below 0°C) in March or in April. These findings would
give valuable suggestion for studies of the East Hokkaido Coastal Current.

Keywords : Sanrihama, Nemuro City: Continuous measurement of bottom temperature: STD
observation: Seasonal variation of temperature structure: The East Hokkaido
Coastal Current
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Fig. 1. Positions of the stations of bottom temperature measurement off Sanrihama Beach, Nemuro. The cape
extending southward is Cape Ochiishi. Stations from St. 1 through St. 8 are set at depths of 5m, 10m, 15m,
20m, 30m, 40m, 50m, and 60m, respectively. Bottom contours are shown at interval of 1m. The horizontal

scale is given at lower right corner.
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Fig. 2. Schematic view of the temperature measuring
system. Temperature is measured about 50cm
above the bottom.
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Fig. 3. Periods of data acquisition for each observation station. Roman numbers shown at the bottom of the
figure indicate the periods from I to V, which are set in the text used for convenience sake.
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Table 1. Dates of STD observations. Date, day number (in bracket), and period number (in Roman number)

are given in each column in this order.

2007 2008 2009
January 30 (29) III, IV 29 (29) V
February 26 (54) V
March
April 3 (93), 30 (120) IV
May 29 (147) 11 28 (148) IV
June 27 (178) IV
July 28 (206) II, III 31 (21D IV
August 28 (240) IV
September 26 (269) IV
October 1 (282) 111 29 (302) IV
November 26 (330) IV
December 1 (334) III 29 (363) IV, V
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Fig. 4. Seasonal variations of the sea bottom temperature (15 days running mean) at St. 1, for 2006 (thick full
line), for 2007 (dotted line), for 2008 (dashed line) and for 2009 (thin full line). The observation at St. 1 is
not available after December 29, 2008, so the temperature values at St, 2 are used. The temperature (°C) is
taken in ordinate, and the day number is taken in abscissa The day number is counted from January 1 for

2006 through 2008, and from Dec. 31, 2008 for 2009.
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Fig. 5. Seasonal variation of the bottom temperature, which was obtained by averaging the variations at St. 1
over the period from 2005 to 2009. This curve is used as a reference curve in the following analysis.
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Fig. 6. Temporal variations of bottom temperature at St, 1 and St, 2 in the period I (from December 28, 2005 to
December 7, 2006). Temperature values are shown as deviations from the reference curve shown in Fig. 5.
Full lines indicate the temperature at St, 1 and dotted lines that at St. 2. Thin lines indicate the daily mean,
and thick lines the 15 days running mean of the daily values. Temperature in °C is taken in ordinate, and the
day number counted from January 1, 2006 is taken in abscissa.
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Fig. 7. Same as in Fig. 6 except for St. 1 (full lines) and St. 5 (dotted lines) in the period II (from December. 7
to July. 26, 2007). The day number is counted from January 1, 2007.
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Fig. 8. Temporal variations of bottom temperature at St, 1 through St. 8 in the period III (from July 28, 2007
to January 30, 2008). Temperature values are shown as deviations from the reference curve shown in Fig.
5. Temperature in °C is taken in ordinate, and the day number counted from January 1, 2007 is taken in ab-
scissa (it is reset to 0 on January 1, 2008). Thin curves indicate 4 inshore stations (dotted and dashed line
is used for St. 1, dashed line for St. 2, dotted lines for St. 3 and full lines for St. 4). Thick curves indicates
4 offshore stations (dotted and dashed line for St. 5, dashed line for St. 6, dotted line for St. 7, and full lines

for St. 8), respectively.
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Fig. 9. Vertical temperature profiles measured with STD in the periods II (top figures) and III (bottom figures).
Shown temperature range and interval of vertical lines are variable: range is from 2.0 to 7.0°C and interval
is 1.0°C in top left figure (May 26, 2007), from 7.0 to 15.0 °C and 2.0°C in top middle figure (Jul. 26, 2007),
from 12.0 to 16.0°C and 1.0°C in bottom left figure (October 1, 2007), from 6.0 to 8.0°C and 0.5°C in middle
bottom figure (June 31, 2008), and from —1.0 to 0.0°C and 0.2°C in bottom right figure (January 30, 2008),
respectively. Depth range is from 0 to 61m for all figures. Thin curves indicate 4 inshore stations (dotted and
dashed lines are used for St. 1, dashed lines for St. 2, dotted lines for St. 3 and full lines for St. 4). Thick
curves indicate 4 offshore stations (dotted and dashed lines for St. 5, dashed lines for St. 6, dotted lines for

St. 7, and full lines for St. 8), respectively.
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Fig. 10. Temporal variations of bottom temperature at St. 1 through St. 5 in the period IV (from January 30 to
December 29, 2008). Temperature values are shown as deviations from the reference curve shown in Fig. 5.
Thin dotted and dashed line is used for St. 1, thin dashed line for St. 2, thin dotted lines for St. 3 and thin
full lines for St. 4, and thick dotted and dashed line for St. 5, Temperature in °C is taken in ordinate, and the
day number counted from January 1, 2008 is taken in abscissa.
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Fig. 11. Same as in Fig. 9, except for the period IV (April 3 to August 28, 2008). Temperature range is from —0.4
to 0.8°C and interval of vertical lines is 0.2°C in top left figure (April 3, 2008), from 0.0 to 6.0 °C and 1.0°C
in top middle figure (April 30, 2008), from 3.0 to 6.0°C and 1.0°C in top right figure (May 28, 2008), from 5.0
t0 9.0°C and 1.0°C in left bottom figure (June 7, 2008), from 7.0 to 13.0°C and 1.0°C in bottom middle figure
(July31, 2008), and from 12.0 to 15.0 °C and 1.0 in bottom right figure (August 28, 2008), respectively.
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Fig. 12. Same as in Fig. 9, except for the period from September 26, 2008 to February 26, 2009 (period IV and
period V). Temperature range is from 11.0 to 16.0°C and interval of vertical lines is 1.0°C in top left figure
(September 26, 2008), from 9.0 to 13.0°C and 1.0°C in top middle figure (October 29, 2008), from 6.0 to 9.0
°C and 1.0°C in top right figure (November 26, 2008), from 3.0 to 5.0°C and 1.0°C in left bottom figure (De-
cember 29, 2008), from 0.0 to 2.0°C and 1.0°C in bottom middle figure (January 29, 2009), and from 1-1.0 to
0.0°C and 1.0°C in bottom right figure (February 26, 2009), respectively.
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Fig. 13. Temporal variations of bottom temperature at St, 2 and St. 3 in period V (from December 29, 2008 to
May 13, 2009). Variations at these points in period IV is also shown after February 5. Temperature values
are shown as deviations from the reference curve shown in Fig. 5. Full lines indicate the temperature at St,
2, and dotted lines that at St. 3. Temperature in °C is taken in ordinate, and the day number counted from

December 31, 2008 is taken in abscissa.
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Table 2. Starting time and ending time of “winter season” and of “summer season”.

“winter season” “summer season”
srart end srart end
2005~6 middle of February late February early November
2006~7 middle of November early March middle of March middle of November
2007~8 late October early February end of January around November
2008~9 early February
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Fig. 14. Variations of bottom temperature measured at St. 5 through St. 8 (from top to bottom) in 2008. Thin
curve drown in each figure shows temperature variation at St. 1.
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Marking of tiger shrimp Penaeus monodon (Fabricius)
juveniles: Comparison among inexpensive tagging options

Jon P. ALTAMIRANO™ and Hisashi KUROKURA

Abstract: Three low-cost marking methods (staining with food color, uropod trimming, and T-
bar tagging) were tested on 2-mo old juvenile tiger shrimps Penaeus monodon with 8.42 & 0.1
mm mean carapace length (CL) for 8 weeks. Together with an unmarked control group,
marker retention and effects on shrimp’ s survival and growth were monitored. There was no
significant difference in specific CL growth rates among treatments (p>0.05). Survival was not
significantly different among staining (60%), uropod trimming (51%), and control (58%)
throughout the experiment, but T-bar tagging showed significantly lower survival from week
6 until 8 (33%) (p<0.05). Marker retention was significantly highest for T-bar tags (100%) at
the end of 8 weeks, followed by uropod trimming at 65%, while staining was already 0% from
week 3. Food color stains are poor shrimp markers because of weak retention. T-bar tags are
not effective markers despite having excellent tag retention because of low shrimp survival af-
ter 6 weeks. Uropod trimming is a more practical option given that shrimps showed compara-
ble survival with the control group and marker distinction through unique uropod regrowth
was relatively high. Further work on modifications on these methods is needed to increase ef-
ficiency while maintaining lower cost. This study is viewed to have practical applications for

community-based shrimp stock enhancement monitoring.

Keywords: molting, shrimp tagging, stock enhancement, tag retention

1. Introduction

World capture fisheries is seen to have be-
come static in the recent years and signs of de-
cline have been reported in some countries
(FAO-FIES, 2008; FAO, 2009). In the Philip-
pines, artisanal fish capture production quality
and quantity have declined in the past years
from various fishing grounds (MINES et al.,
1986; LiMm et al., 1995; KATON et al., 1998;
Evasco, 2000; FERNANDEZ et al., 2000; PALMA et
al., 2002; NEDA, 2005). Specifically for example,
the Batan Estuary in the northern Panay Is-
land in central Philippines was known for
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The University of Tokyo, Bunkyo-ku, Tokyo 113-
8657, Japan.
Tel.: +81-3-5841-8115; Fax: +81-3-5841-5189; Email:
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abundant wild shrimps, including the highly-
priced tiger shrimp Penaeus monodon, but de-
creasing catch in the recent decades has become
very evident (ALTAMIRANO, 2007; ALTAMIRANO
and KUROKURA, 2008). The steady loss and
overexploitation of local fishery resources di-
rectly affects the livelihood of the already poor
fishers.

Shrimp restocking can be an effective tool in
enhancing wild stocks (DAVENPORT et al., 1999;
WANG et al., 2006) and, at the same time, in al-
leviating poverty among subsistence fishers
through a direct increase in shrimp catches
(ALTAMIRANO and KUROKURA, 2008). While the
practice of fish stock enhancement has been
done since the 1960s, crustacean stock enhance-
ment programs especially for shrimps, have
been limited (BELL et al., 2005). For example,
shrimp restocking projects were implemented
for Penaeus japonicus in Japan (HAMASAKI
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Table 1. Some studies on different marking and tagging methods for crustaceans.

Species' Marker or Tag (DuS::EliI;n) (miisz) Sul(f;)l)val tilirelt(z;)) Reference
Neocaridina Laboratory Trypan blue/red 15-30 BL? Niwa et al., 1998
denticulate (S)
Penaeus Tank (5-6 mo)  Streamer 15 31-35 100 Benzie et al., 1995
monodon (S) 18 37-70 100
Pond (5-6 mo)  Streamer 15 30-44
18 44-59
P. esculentus (S) Tank ("2 mo)  Streamer 12-19 ~80 Hill and Wassenberg, 1985
P. plebejus (S) Pond (2 mo) Streamer 17-27 35-48 Montgomery and Gray, 1991
P. monodon (S) Tank (2 mo) Streamer 16-18 90 Primavera and Caballero, 1992
18-21 47
P. esculenlus (S) Tank (2-3 mo)  Streamer 12-17 75-90 Wassenberg and Kerr, 1990
15-20 90-93
P. merguiensis(S) Tank (2-3 mo)  Streamer 11-17 85-100
Munida Tank (2 mo) Streamer <27to0>32 29 100 Claverie and Smith, 2007
rugosa (L)
T-bar tags o2 100
V.I1. Elastomer 95 100
Macrobrachium ~ Tank (2.5 mo)  V.I. Elastomer  0.01 BW*® 100 79 Brown et al., 2003
rosenbergii (S) V.I. Alpha <5.5 BW* 799 60
Jesus Tank (37 mo)  T-anchor, dart ~ 90-104 43-51  78-82  Montgomery and Brett, 1996
verreauxi (S) Uropod trim 47 77
Homarus Trays (3 molts) Micro wire 0-8 82 97 Linnane and Mercer, 1998
gammarus (L) 12-16 97 97
V.I. Elastomer  5-8 68 100
12-16 97 100
Rostrum cut 5-8 80 0
12-16 99 0
Branding 12-16 o7 0
16-19 90 0
Streamer 16-19 97 100
P. vannamei (S) Tanks (3 mo) V.I. Elastomer  <3.92BW?® 99-100 91-93  Godin et al., 1996
21-47TBW? 100 93
Litopenaeus Tank ("2 mo)  V.I. Alpha 2.7BW’ 81-92  92-98  Arce et al., 2003
vannamei (S) 21.5 BW* 68-74  80-83
Pond ("4 mo) 2.7 BW?  90-93 93-97
21.5 BW* 80-88 83-85
Callinectes Lab (1.5 mo) V.I. Elastomer  6-25 “58-60 "81-84 Davis et al., 2004
sapidus (C) Micro wire 6-25 T47-60  T92-93
Litopenaeus Tank (1 mo) Micro wire 30-90 BL* 81-100 95-100 Kneib and Huggler, 2001
setiferus (S)
Litopenaeus Lab (4 mo) Uropod cut 13-16 “98 0 Leano and Liao, 2006
vannamei (S) 28-29 63 88
Uropod trim 13-16 99 91
28-29 93 100
Penaeus Lab ("2.5mo)  Uropod cut 21-73 BL* 92 96 Miyajima et al., 1999
Japonicus (S)  Sea (12 mo) Uropod cut 35-75 BL? 2.4

1 (S) =shrimps, (L) =lobster, (C) =crab; 2 BL=Body Length (mm) ; 3BW=Body Weight (g) ; 4 recaptured

and KITADA, 2006), Penaeus chinensis in China
(WANG et al., 2006), Penaeus monodon in Tai-
wan (Su and Liao, 1999) and Sri Lanka
(DAVENPORT et al, 1999), and Penaeus
esculentus in Australia (LONERAGAN et al.,

2006). Although various methods and technol-
ogy have been applied, the problems in moni-
toring still remain to be a challenge, even for a
financially-capable community.

To evaluate the success or failure of shrimp
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restocking initiatives, an efficient method of
marking shrimps is important in sorting re-
captured stocks from wild catch. The main
challenge for shrimp tagging is the difficulty
imposed by molting. A number of marking op-
tions for shrimps have been tested and im-
proved since the late 1950s, to include various
modes of staining, internal or external tags,
and cutting of body parts (NEaL, 1969;
FARMER, 1981). Table 1 summarizes some of the
studies on marking and tagging of crusta-
ceans, especially shrimps. Most of these studies
use sub-adults and larger juveniles, requiring
longer pre-release culture that increases cost.
On the other hand, other mass shrimp restock-
ing programs use post-larvae shrimps that can-
not be marked because of their very small size.
Therefore, shrimps that are to be released
should be big enough to be tagged but should
not require long culture periods. In this study,
juvenile shrimps of about 10 mm CL or about
60 days old were marked.

The main concern in choosing a marking
method or tag is its efficiency in terms of re-
tention and minimal effects on the commodity’s
growth, movement and survival. It has been
recommended that visual implant elastomers
(VIE) and micro wire tags are the more viable
options for crustaceans (GODIN et al., 1996;
LINNANE and MERCER, 1998; DAVIS et al., 2004);
however, the main limitation for these tags is
the cost required for its use. Except those in-
volving ablation of body parts, majority of
shrimp marking and tagging studies use spe-
cialized branded materials that are expensive.

In addition, stock-enhancement programs
are also viewed to have better efficiency when
implemented and managed by its direct benefi-
ciaries — the local communities (GARAWAY et
al., 2006). Although community-based stock
enhancement may have positive prospects, its
implementation is mostly restricted finan-
cially. Therefore, for local stock enhancement
programs, the availability and cost of tags and
methods are also very important considera-
tions.

In this study, we attempted to use and com-
pare low-cost and readily available options for
tagging and marking small juvenile shrimps P.
monodon. Instead of specialized stains, we

opted to use ordinary natural food color
(McCormick and Company, Inc., Maryland)
that has also been described in some reports
and applied to stain other taxa like nematodes
(THIES et al., 2002). Ordinary plastic T-bar
tags (Bano’k, Japan), commonly used in tag-
ging clothing merchandise, were also tested as
a possible substitute for streamer tags and spe-
cialized T-bar tags (Hallprint Pty Ltd., Aus-
tralia). Uropod trimming, discussed by various
authors (MIYAJIMA et al., 1999; TOYOTA et al.,
2003; LEaNO and Liao, 2006), was also tested
because it involves no additional costs for mate-
rials.

2. Materials and Methods

This experiment was a part of a series of
studies on the stock enhancement of tiger
shrimp Penaeus monodon in the Batan Estu-
ary, Aklan, Philippines led by the Laboratory
of Global Fisheries Science, the University of
Tokyo, Japan. This study was conducted at the
Brackishwater Aquaculture Station of the Col-
lege of Fisheries and Marine Science (CFMS),
Aklan State University, New Washington,
Aklan, Philippines.

2.1. Set-up and monitoring

Hatchery-bred tiger shrimp P. monodon
porstlarvae (PL15) were acquired (approx.
1000 pcs) from a local hatchery (wild
broodstock were sourced locally). These were
reared until 2 mo old in hapa nets inside an
open pond with half-opened gates to allow
regular water change from a nearby creek. In a
separate experiment, 2-month old juveniles
were observed to be the optimal age of shrimps
for release in the immediate local water condi-
tions of the Batan Estuary. At this age, the
study showed that P. monodon juveniles have a
carapace length of about 8-10 mm. From the
reared stocks, shrimp juveniles measuring 8.42
* 0.1 (s.e.) mm mean carapace length (CL)
and weighing 3.4 = 0.02 (s.e.) mg mean body
weight (BW) were used in the experiment. A
total of 12 aquaria (140 L) were prepared with
washed fine sand as substrate (2 cm deep) then
filled with filtered water (120 L) from the same
rearing pond and creek. Water from each
aquarium was drained by 10% daily using a
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siphon tube. Water was refilled through indi-
vidual distribution pipes connected to a central
holding tank where the filtered source water
was collected daily, aided by a submersible elec-
tric pump. Constant aeration was supplied us-
ing airstones powered by an electric blower.
There were three replicate aquaria for each
marking treatment, namely: staining, uropod
trimming, and T-bar tagging. Another three
aquaria were designated as unmarked control
replicates. These 12 aquaria were placed adja-
cent to a wide window in the laboratory to al-
low natural diel cycles, arranged in one row
and alternating among treatments.

Prior to the actual experiment, tagging tri-
als were done as practice runs for each tagging
method to achieve minimal time in marking
and to reduce stress of shrimps while out of the
water. In the final run, twenty shrimp juve-
niles were tagged/marked accordingly (as de-
scribed below) and placed in each aquarium for
a day to acclimate. The same number was also
stocked untagged in each control aquaria. Few
dead shrimps, as a possible result of tagging
shock or acclimation after about 24 h was noted
as immediate mortality and removed. Those
that survived were further randomly reduced
to 15 individuals per aquarium as the final
number used in this study for the next 8 weeks.
Visual observations were carried out daily.
Monitoring for growth was conducted weekly
in terms of carapace length measured with a
digital caliper, and wet body weight using a
digital top loading scale (0.01 g sensitivity).
Shrimp’s survival and mortality were assessed
from weekly total count. Examination of
marker retention and/or visibility was also
done every week. The experiment lasted for 8
weeks, from 20 April to 15 June, 2008.

Finely chopped fish meat was provided as
feed daily (1800 H) ad libitum. Uneaten food
and unwanted particulates in the aquaria were
siphoned-out daily during every water change.
Water quality data (salinity, temperature, DO,
pH) were monitored daily (0900-1000 H) using
a Horiba UX-21 multi-parameter probe. A data
logger (ACT-HR, Alec Electronics, Japan) was
also used to monitor a detailed (10 min inter-
val) trend in salinity and temperature.

2.2. Staining

Biological staining has been used to mark
shrimps since the 1950s (MENZEL, 1955; NEAL,
1969) and has evolved into using some expen-
sive patented materials. In this experiment,
however, the cost of staining agent must be af-
fordable and locally available. Hence, the com-
mon natural food color (McCORMICK) was
tested. Using a small (6.35 mm) sterile tuber-
culin syringe and a 30-gauge needle, a small
amount (about 0.01 mD) of red food color was
injected ventrally through the articular mem-
brane of the shrimp between the 1st and 2nd
abdominal segments. Stained shrimps were
placed in a holding pan with aeration for about
20 min. Stains spread beneath the exoskeleton
and mostly accumulate in the gills. Only those
that appeared stable and survived the initial
shock of staining were replaced in each aquar-
ium (20 shrimps aquarium ') for a day of accli-
mation. Then, only the final number of 15
individuals was retained per aquarium for
monitoring throughout the experiment.

2.8. Uropod trimming

Trimming of shrimp’s uropod was chosen
rather than complete removal of wuropod.
Trimmed uropod usually creates unique
regrowths after molting that can be used as a
marking indicator (LEANO and Liao, 2006).
Trimming was done using a pair of small fine-
tip surgical scissors. Half of the left outer
uropod was cut, adapting the methods de-
scribed by ToYOTA et al. (2003) and LEANO and
L1a0o (2006). Trimmed shrimps were placed in
an aerated collection pan for a few minutes be-
fore replacing in their respective aquarium. Af-
ter given about 24 h to stabilize and acclimate,
the number of individuals in each aquarium
was reduced to 15, setting day zero of the ex-
periment. Observations and monitoring pro-
ceeded as described above.

2.4. T-bar tagging

Physically-attached tags have been exten-
sively used for stock enhancement monitoring
purposes and a number of these have been util-
ized for tagging crustaceans, including
shrimps (NEAL, 1969; HowE and Hoyr, 1982;
HiL, and WASSENBERG, 1985; TEBOUL, 1993;
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LINNANE and MERCER, 1998; ARCE et al., 2003;
BROWN et al., 2003; CLAVERIE and SMITH, 2007).
Most of these special tags however, require
considerable capital to acquire, making it im-
practical for low-budget studies. In this experi-
ment, ordinary T-bar tags, commonly used in
clothing’s price label, were used. The plastic T-
bar tags were about 0.3 mm thick and 11 mm
long, giving enough room for shrimp’s growth
until marketable size. Specifically, the Bano’k
303XL T-bar injector gun was chosen because
of its thin and long injector needle. This injec-
tor gun drives the T-bar tags from a set of car-
tridges.

A number of tagging locations have been
used for physical tags, such as a dorso-ventral
insertion of T-bar tags between the
cephalothrax and 1st abdominal segment for
squat lobsters M. rugosa (CLAVERIE and SMITH,
2007), and horizontal tagging of streamer tags
between abdominal segments on P. monodon
(BENZIE et al., 1995) primarily to minimize dif-
ficulty of shedding exuviae during molting.
However, the present study adapted the meth-
ods for streamer tags on P. monodon by
WASSENBERG and KERR (1990) and PRIMAVERA
and CABALLERO (1992) where the tag was in-
serted laterally through the left side of the
middle of the 2nd abdominal segment, exiting
and of the body. This tagging location provided
the least resistance for movement of the
shrimps. WASSENBERG and KERR (1990) also
found that this location has the fastest wound
healing effect. The T-bar tag was injected
through the guide needle with a single squeeze
of the injector gun, carefully avoiding further
tissue damage, and was slowly removed after
the tag was locked in place. Same as the other
treatments, T-bar tagged shrimps were held in
aerated pans before replacing in the aquaria.
The final number of 15 individuals was main-
tained a day after tagging and monitored
throughout the experiment.

2.5. Data analysis

Water quality data (water pH, DO, tempera-
ture and salinity) were subjected to two-way
analysis of variance (ANOVA) with marking
treatment and measurement week as fixed fac-
tors.

Initial and weekly growth parameters in
terms of CL and BW, as well as total count of
surviving shrimps, were recorded to determine
growth and survival rates, respectively.
Weekly specific growth rates (SGR) were com-
puted for CL and BW using the formula
adapted from YE et al. (2009):

SGR (% d ") =100 X (Inx.— Inxi) /d,
where SGR is Specific Growth Rate for CL
(%CLd ") or BW (%BW d '), xiis initial meas-
urement for CL or BW, x.= measurement for
CL or BW at a given time ¢, and d = number of
days between measurements. A similar meas-
ure for SGR was also used by PRIMAVERA and
CABALLERO (1992) to present CL and BW
growth rates of P. monodon marked with
streamers tags.

Survival was represented as a percentage of
remaining shrimps from the initial 15 individu-
als during each weekly monitoring. Marker re-
tention and visibility was examined and
recorded as a percentage from among the sur-
viving shrimps per monitoring week.

Data were initially tested for normality us-
ing the Shapiro-Wilk test, and for
homoscedasticity using Levene’s test. Percent-
age data were further transformed to arcsine
prior analyses to improve homogeneity of vari-
ances (ZAR, 1999). Then, data analysis pro-
ceeded with ANOVA. When significant
differences were detected, further analyses
with Tukey’s Honestly Significant Difference
(HSD) multiple comparison tests were per-
formed. Comparisons were made to determine
differences among treatments and control on
the survival and growth of shrimps, as well as
on the tag retention. Significance was estab-
lished at p<0.05. Statistical analyses were per-
formed with SPSS statistical software version
14 (SPSS Inc., Chicago, IL).

3. Results
3.1. Water condition

Water pH, dissolved oxygen (DO), salinity
and temperature were constantly monitored
and showed no significant differences among
treatments on every monitoring week (two-
way ANOVA, treatment* week, p>0.05). Aver-
age measurements (mean * s.d.) of these are
as follows: pH, 7.77%0.89; DO, 3.83%+0.66 mg
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L'; salinity, 18.80 =1.77; and temperature,
26.96 =2.59 °C. Since aeration was sustained
and water exchange was maintained, DO was
relatively stable throughout the experiment, as
well as pH. Some fluctuations in temperature
and salinity were recorded by the data logger
especially during the sustained rains in May
but no drastic changes occurred that may have
affected the shrimps.

3.2. Shrimp’s growth

Specific growth rates in terms of % CL d'
showed no significant differences among treat-
ments and control within the 8-week period
(ANOVA, p>0.05) (Fig. 1).

The trend in CL changes between monitoring
weeks suggests two molting stages within 8
weeks (Fig. 1). Results confirmed rapid molt-

ing and growth within the first 2 weeks after
marking, reaching an overall average CL
change of 0.75 = 0.03 %CL d ' after week 1 and
1.29 £ 0.14 %CL d ' on week 2. Observations
also indicated that about 75% of the experimen-
tal shrimps molted within these first two
weeks. On week 3, zero growth rate was re-
corded which was significantly lower
(ANOVA, Tukey’s HSD, p<0.05) than the pre-
vious week indicative of intermolt period (Fig.
1). After week 3, an increasing growth rate
was again manifested until week 6 (0.69 = 0.11
%CL d "), highlighting the second molt stage.
Although less pronounced and statistically not
significant (ANOVA, Tukey’s HSD, p>0.05),
another carapace rigidity stage followed on
week 7 as denoted by another zero average spe-
cific growth rate (Fig. 1). A slight increase ini-
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Fig. 1. Specific growth rates (SGR) in terms of carapace length (%CL d ") of 2-mo old Penaeus monodon juve-
niles marked through staining (STN), T-bar tagging (TBT), and uropod trimming (URT) together with
untagged control (CON) within 8 weeks. Molting periods are shown, terminating during the carapace rigid-
ity stages (zero growth) at weeks 3, then week 7. Similar superscripts among weeks are not significantly
different (ANOVA, p>0.05). Also, values among marking methods were not found to be significantly differ-

ent.

Table 2. Specific growth rate (SGR) in terms of BW (mean * s.e., ¥BW d") of 2-mo old Penaeus monodon juve-
niles marked through staining (STN), T-bar tagging (TBT), and uropod trimming (URT), including

untagged control (CON) within 8 weeks.

Week CON STN URT ™B T
1 3.45 = 0.38 3.72 £ 0.73 3.57 £ 0.34 3.14 £ 0.52
2 1.80 * 0.24 0.58 + 0.45* 3.41 £ 0.26 1.43 £ 0.22
3 2.75 £ 0.35 2.28 £ 0.29 1.44 = 0.22 2.07 £ 0.38
4 1.48 £ 0.27 0.58 £ 0.49 2.23 £ 0.72 2.50 = 0.28
) 1.37 £ 0.30 0.82 = 1.12 0.35 £ 0.57 1.01 £ 0.68
6 0.42 = 0.46 —0.51 £ 0.73 1.17 = 0.92 1.50 £ 0.18
7 0.73 = 0.46 —0.79 £ 1.00 0.83 = 0.33 —0.49 £ 0.45
8 0.75 = 0.33 1.02 = 0.47 —0.08 = 1.04 0.82 = 0.23

* significant difference (p<0.05) from among treatments on the same week.
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tiated again on week 8 (0.12 = 0.08 %CL d ")
that may have been the start of the 3rd molting
cycle.

Specific growth rates in terms of %BW d™'
showed a generally decreasing trend, from an
overall mean of 3.47 £ 0.12 %¥BW d ' during the
first week to only 0.63 £ 0.24 %¥BW d' during
the last week (Table 2). Generally, no signifi-
cant differences in BW-SGR were found among
treatments and control throughout the study
period, except only for staining at week 2.

3.8. Shrimp’s survival

The small initial size (mean CL *s.e., 8.42
+ 0.1 mm; mean BW=s.e., 3.4 = 0.02 mg) of
shrimp juveniles was a challenge for tagging.
As a result, high immediate mortality was ob-
served especially for staining and T-bar tag-
ging during the practice runs as a direct effect
of mishandling. However, tagging efficiency
greatly increased after familiarization of the
tagging procedure. During the actual experi-
ment, immediate mortality (<1 hr after mark-
ing) was very low even for T-bar tagging (1 to
3 individuals).

Survival steadily declined and was not sig-
nificantly different (ANOVA, p>0.05) among
treatments up to week 5 (control, 84%; stain-
ing, 73%; uropod trimming, 71%) (Fig. 2). Al-
though similarly not significantly different
from other treatments, T-bar tagging showed
a lower survival of 67% after 5 weeks. The de-
crease in survival continued with similar trend

100 ~

Survival (%)
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w

w
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M
wn

until week 8 for control (58%), staining (60%),
and uropod trimming (51%). However, T-bar
tagging showed significantly lower (ANOVA,
Tukey’s HSD, p<0.05) survival rates of shrimps
from week 6 (47%) until week 8 (33%).

3.4. Marker retention

Marker retention from survived shrimps was
significantly highest (ANOVA, Tukey’s HSD,
P<0.05) up to the last week for T-bar tags,
where 100% were retained throughout the 8-
week experiment (Fig. 3). However, visibility
of trimmed uropods steadily declined until 65%
at the end of 8 weeks, while only 14% of stained
shrimps were identified as having been marked
after the first week and none showed signs of
staining from week 3.

For uropod trimming, marker retention was
determined through abnormal regrowth of the
trimmed portion (Fig. 4). The decline in
marker visibility for this method was caused
by normal regeneration of uropods after molt-
ing on some shrimps. In weeks 2 and 3, after
the first molt, 88% of the survived shrimps (14
out of 15 individuals) showed identifiable ab-
normal uropod regrowths; while from week 4
until week 7 (after the second molt), only 75%
of the 10 surviving shrimps from each aquar-
ium retained abnormal uropod regrowth.
Lastly, at week 8, only 65% were recognizable
as having had a trimmed uropod. For this
method, it is important that the observer be
properly trained to differentiate an untrimmed

Week

Fig. 2. Survival (%) of Penaeus monodon juveniles marked through staining (STN), T-bar tagging (TBT), and
uropod trimming (URT), including untagged control (CON) within 8 weeks. Asterisks (*) denote signifi-
cant difference from among other treatments in the same monitoring week (ANOVA, p<0.05).
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Fig. 3. Tag retention/visibility (%) from survived Penaeus monodon juveniles marked through staining (STN),
T-bar tagging (TBT), and uropod trimming (URT), including untagged control (CON) within 8 weeks of
laboratory experiment. Similar superscripts denote no significant difference among treatments in the same

monitoring week (ANOVA, p>0.05).

Fig. 4. (A) P. monodon juvenile marked by uropod trimming (trimmed portion represented by dotted line). (B)
After molting, abnormal regrowth from the trimmed uropod can be observed (arrow).

normal uropod and that of the regenerated
uropod and that careful scrutiny is necessary
during monitoring.

On the other hand, staining showed very sig-
nificantly lower (ANOVA, Tukey’'s HSD,
P<0.01) marker retention rate than the other
methods even on the first week where only 14%
of survivors were able to retain the red food
color stain, mostly in the gills. At week 2, only
3% were observed to have a tinge of red in their
body. Then, from week 3 onwards, no identifi-
able stain marks were observable from the ex-
perimental subjects.

4. Discussion

Although some studies already recommended
the use of more expensive visual implant
elastomers (VIE) and micro wire tags for crus-
taceans (GODIN et al., 1996; LINNANE and
MERCER, 1998; DAVIS et al., 2004; LEBATA et al.,
2009), the current study on the other hand,
evaluated the utility of more economical op-
tions for marking shrimps. Three marking
categories were tested in this experiment:
staining, tagging with physical tags, and abla-
tion of body parts. The use of common food
color as a staining agent and tagging with
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ordinary plastic T-bar tags have never been
mentioned in published literature, especially
for small shrimp juveniles.

Various stains such as trypan blue
(Hartman-Leddon Company, Philadelphia)
and similar others have been injected to accu-
mulate in the gills of shrimps such as
Neocaridina denticula (NTWA et al., 1998). Lit-
erature search of current studies on shrimp
marking by staining returned no results. In a
review by NEAL (1969), he mentioned that
stains appeared to have less utility as these
tend to fade after a few days although, in some
cases, it can last for about a week. The results
in the current study also confirmed this obser-
vation. Only 14% of shrimps retained their
stain after one week and were completely faded
starting the third week. However, stains have
practical applications for laboratory studies of
a few days. The current experiment also
showed that even ordinary food color can have
the same short-term effectiveness as that of
more expensive stains although a direct com-
parative experiment is needed to really prove
this. In addition, proper staining with natural
food color seemed to have very minimal effect
on shrimp survival and growth, where current
results for staining were not significantly dif-
ferent from the control group (Figs. 1, 2).

Physical cutting or modifying body parts
such as rostrum ablation in lobsters were
tested by LINNANE and MERCER (1998) but
complete regeneration was only as short as
three molts. Trimming of uropods in shrimps,
however, showed higher retention rates since
molting often resulted in distinct abnormal
growths from cut or trimmed uropod in
Litopenaeus vannamet and Penaeus japonicus
(MIYAJIMA et al., 1999; TovoTa et al., 2003;
LEANO and Liao, 2006). Similar results were
found in the present study for P. monodon ju-
veniles. Abnormal regrowths were noted, often
characterized by a branched protruding exten-
sion from the trimmed uropod (Fig. 4). The
first molt and regeneration was observed
within 1 week after trimming which was simi-
lar with that of L. vannamei (LEANO and L1AO,
2006). Aside from unique regrowth, MIYAJIMA
et al. (1999) also mentioned noticeable differ-
ences on coloration of the regenerated uropod

of bigger (around 60 mm BL) P. japonicus but
this was not clearly observed in our samples,
probably because of relatively smaller sizes.
Survival of shrimps for this method was high,
reaching 98% for juvenile L. vannamei after 4
mo (LEANO and L1ao, 2006). In the present
study, survival for uropod trimming (51%) was
not significantly different from the control
group (58%) after the 8-week experiment. This
suggests that the relatively low survival rate
may be attributed to external factors such as
water quality and natural mortality, rather
than a direct effect of the marking method.
One noticeable immediate effect of uropod
trimming on shrimps was the initial difficulty
in swimming. Shrimps were observed to swim
sideways because of the unbalanced trimmed
uropods. However, after a few hours, some
were able to correct their balance and swim up-
right. It is therefore recommended to allow the
uropod-trimmed shrimps to stabilize for a few
hours or days before actual release in the open
to minimize possible susceptibility from
predation.

Through-the-body external markers were
widely used, especially the streamer tags, not-
ing that larger shrimps have lower short-term
or immediate mortality rate than smaller juve-
niles (HILL and  WASSENBERG,  1985;
WASSENBERG and KERR, 1990; MONTGOMERY
and GrAY, 1991; PRIMAVERA and CABALLERO,
1992; BENZIE et al., 1995). Anchor tags or T-bar
tags are smaller; hence, short-term mortality
was significantly lower than streamer tags as
used in squat lobster Munida rugosa
(CLAVERIE and Swmith, 2007) and Jesus
verreauxi (MONTGOMERY and BRETT, 1996).
The main advantages of external tags are high
retention rates and ease in tag detection. In the
present study, observations for marker reten-
tion and/or visibility were easiest for T-bar
tags because of the externally protruding plas-
tic were easy to spot. Marker retention for this
method was 100% from the survived shrimps in
the present study. This high retention (100%)
of the similar T-bar or T-anchor tags was also
true for M. rugosa after 2 mo (CLAVERIE and
SmitH, 2007), while 78-82% was retained for
shrimp oJ. verreauxi after a long-term study of
37 mo (MONTGOMERY and BRETT, 1996).
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One concern in having tags inserted through
the body is the negative effect during molting.
LINNANE and MERCER (1998) observed that cast
exoskeleton frequently became entangled on
the streamer tags during molting of Homarus
gammarus and that tagged shrimps needed
more flicks to discard old exoskeleton on P.
esculentus (BENZIE et al., 1995). However, this
effect seems to be only minimal. BENZIE et al.
(1995) also showed that time to complete molt-
ing was not affected, while molting and general
growth rate was also not significantly differ-
ent between streamer-tagged and untagged
shrimps (HILL and WASSENBERG, 1985; BROWN
et al., 2003). The same observations were also
noted in the present study for P. monodon juve-
niles, where exuviae sometimes get entwined
with the T-bar tag; however, growth rates and
intermolt periods were still not significantly
different than the control group or other
marking methods (Fig. 1, Table 2.). P.
monodon has been known to molt at an average
of every 5 days during post-larval stage and
about every 14 days for sub-adults (KIBRIA,
1993). For this reason, longer studies and ac-
tual release experiments employing through-
the-body markers like T-bar tags may
eventually have adverse effects on survival af-
ter these multiple moltings. As shown in the
current study, the main drawback in using T-
bar tags was in the survival of shrimps. A sig-
nificantly lower survival (47%) was recorded
for T-bar tagging after 6 weeks compared with
other treatments (62-73%) (Fig. 2). This lower
survival was estimated to roughly coincide
with the second molting of the shrimps at
about 6 weeks although no further confirma-
tion was conducted. Other studies using a spe-
cialized T-bar or T-anchor tags produced the
same results, such as for M. rugosa with 52%
survival after 2 mo (CLAVERIE and SMITH,
2007), and JJ. verreauxi with 43-51% after 37 mo
(MONTGOMERY and BRETT, 1996). These high
mortalities, especially after a month or so can
be the effects of delayed infection and some
studies applying antibiotics did not seem to
have any major advantage (NEAL, 1969).
WASSENBERG and KERR (1990) also observed
that wounds inflicted by the inserted tags and
its constant movement hinders the quick

healing of the injuries and thereby increasing
the chances for irritation and infection. High
mortalities were also recorded during tagging
of smaller shrimps (>10 mm CL) in our experi-
ment during the practice tagging runs. During
the actual experiment; however, survival rates
were comparable with the control group in the
first 5 weeks. For P. monodon, the minimum
size of juveniles for T-bar tagging was estab-
lished to be about 9-10 mm CL in this study but
smaller shrimps where also successfully
tagged. WASSENBERG and KERR (1990) even es-
timated a higher critical size limit for streamer
tags for P. esculentus (18 mm CL) and P.
merguiensis (17 mm CL). This means that T-
bar tags, streamer tags, and similar through-
the-body tags may only be practically used on
larger juveniles or sub-adults unless significant
modifications on the tag size or applicator de-
vice can be developed. However, T-bar tags have
practical applications for restocking studies in
smaller areas that expect full recapture within
a month or so.

Although the present study was done in a
laboratory, natural water conditions were at-
tempted to be simulated. Hence, only creek wa-
ter was used with no other treatments made
aside from filtration. In effect, changes in
natural water conditions were also manifested
in the aquaria through daily water exchanges.
Water condition is also an important factor
that affects shrimps growth and survival. At
30°C, JACKSON and WaNG (1998) showed that
P. monodon can grow double in weight than
that at 20°C within 180 d. Abrupt changes in
salinity also affects mortality although
younger prawns (< 40 days post-metamorpho-
sis) can tolerate short acclimation periods of 6
h to 3 days and can survive in low salinity wa-
ter better than older animals (CAWTHORNE et
al., 1983). Some fluctuations in both tempera-
ture and salinity were observed during the
study but these were still within tolerable
ranges and were not observed to have drastic
effects on the shrimps. Dissolved oxygen was
also far from the lethal level of 0.9 mg L'
(ALLAN and MAGUIRE, 1991), as this was main-
tained at about 4 mg L' with aeration. Other
biological and chemical factors may also have
affected the growth and natural mortality of
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the shrimps in this study. However, limited by
resources, no measurements were done on these
aspects. Nevertheless, all treatments were sub-
jected to the same water condition, hence, com-
parisons among marking treatments and
control can still be done, negating other exter-
nal causes.

Generally, results in the present study
showed comparable outcomes with those made
with conventional yet more expensive tagging
materials, as discussed above. Of course, direct
comparisons among different studies cannot be
accurately made because of differences in labo-
ratory setup, shrimp’s initial age and size,
stocking density and water condition. It is in-
teresting to see that shrimp marking activities
do not necessarily need proprietary tags and
sophisticated equipment to implement. In
terms of cost, the most expensive equipment
used in our experiment was perhaps the Bano’k
303XL injector gun, purchased for about
US$25. Of course, a similar local brand would
have even cost less. Other materials like food
color and syringe for staining, T-bar car-
tridges, and small scissors for uropod trim-
ming can be easily and cheaply acquired.

5. Conclusion

Staining is not an effective marker for
shrimps because marker retention only lasts
for a few days or at most a week or two, limit-
ing its use for very short-term studies. Exter-
nally visible tags like T-bar tags have very
high retention rates but there is a significant
decline on shrimps’ survival after about 6
weeks. This maybe used for studies requiring
high marker retention but also only limited for
about a month. For initial restocking trials in
the current site, the Batan Estuary, this
method can be applied because tag distinction is
fairly easy even for untrained local fishers.
Also with the current status of fishing pres-
sure in this small area (ALTAMIRANO, 2007), re-
capture of released stocks can be expected to be
in the order of a few weeks only. On the other
hand, the more practical method may as well be
the trimming of uropods as this provides both
good retention and survival of shrimps even for
longer tagging experiments. However, more
study is recommended on finer modifications of

these methods for applications on specific re-
stocking sites to primarily increase efficiency
but with equal consideration on cost of materi-
als and methods for community-based stock
enhancement programs.
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