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The phytoplankton monitoring programme in Scotland fulfils the requirements of
the EU directive 91/492/EEC, which requires member states to monitor their
coastal water for the presence of toxin producing cells.

This report presents the results from the phytoplankton monitoring programme in
Scotland obtained from 1* April 2003 — 315 March 2004.

During this time 738 samples were analysed by light microscopy for the
presence of toxin producing cells.

10 samples were also analysed using transmission electron microscopy to
identify the Pseudo-nitzschia cells present to species level. Six different species
were observed in Scottish waters, five of which have the potential to synthesise
domoic acid. These were P, australis, P. cf. delicatissima, P. pungens, P. cf.
pseudodelicatissima and P. ¢f seriata.
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1. SUMMARY

This paper repovrts the findings of the toxin producing phytoplankton monitoring programme
conducted in Scottish coastal waters throughout the period April 2003 — March 2004 in
fulfilment of the EU Shellfish Hygiene Directive 91/492/EEC.

Twenty-three coastal sites were selected to participate in the monitoring programme.
Sample collectors were requested to supply seawater samples for light microscope (LM)
analysis on a weekly basis from April to October and monthly from November to March. The
sample return rate from coastal sites varied from 3—-100%. An additional 232 samples were
collected from a total of 79 offshore sites as directed by the Food Standard Agency Scotland
(FSAS).

In total 738 LM samples (506 coastal and 232 offshore) were analysed from both coastal
and offshore sites. High density blooms of Alexandrium spp. were observed at a number of
sites around the Scottish Coast during 2003. The highest number of Alexandrium spp.
observed since the monitoring programme began in 1996 was observed at Sandsound in
July 2003 with a concentration of 18,860 cells.I". Dinophysis spp. was frequently observed
during the summer months. The maximum number of Dinophysis cells detected was 4,960
celis.I" recorded at Isle of Ewe in June 2003. This was lower than the cell maxima observed
in several previous years. Pseudo-nitzschia spp. was a common part of the phytoplankton
community during 2003. The highest concentration of Pseudo-nitzschia species cells
observed was 1,489,440 cells.I”, in the scallop fishing box M10 during April 2003.
Protoperidinium spp. were observed at most sites at low cell densities. The maximum
number observed during 2003/04 was 7,020 cells.I" at Stonehaven in June 2003.
Prorocentrum lima, . Protoceratium reticulatum and Lingulodinium polyedrum were
infrequently observed and all at cell densities less than 1,000 cells.I™.

Ten samples were analysed by Transmission Electron Microscopy (TEM) to identify Pseudo-
nitzschia cells present to species level. Six Pseudo-nitzschia species were identified; P.
australis, P. cf. delicatissima, P. cf. heimii, P. pungens, P. cf. pseudodelicatissima and P. cf.
seriata. With the exception of P. cf. heimii the other Pseudo-nitzschia species observed
have the potential to synthesise domoic acid. '
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2. INTRODUCTION

In fulfilment of the EU directive 91/492/EEC, a toxin producing phytoplankton monitoring
programme has been in operation in Scotland since 1996. This programme has been
funded by the Food Standards Agency Scotland (FSAS) since 2001. This report presents
the data obtained under this programme from samples collected between 1 April 2003 and
31 March 2004.

Samples were monitored for the following genera and species:

1. Dinoflagellates belonging to the genus Alexandrium, commonly associated with the
production of Paralytic Shellfish Toxins (PSTs);

2. Dinoflagellates belonging to the genus Dinophysis, the benthic/epiphytic species
Prorocentrum lima, Protoceratium reticulatum, Lingulodinium polyedrum, and
Protoperidinium spp. These species are known or suspected of being associated
with the production of a number of different toxins of the Diarrhetic Shelifish Toxin
group (DSTs) such as okadaic acid (OA), dinophysistoxins (DTXs), pectenotoxins
(PTXs), yessotoxins (YTXs) and azaspiracids (AZAs); and

3. Diatoms belonging to the genus Pseudo-nitzschia commonly associated with the
production of Amnesic Shellfish Toxins (ASTs).

Light microscopy (LM) methods were used to both identify and quantify the presence of
potential toxin producing species (see Table 3.1). In addition a selected number of samples
were also analysed using transmission electron microscopy (TEM) to identify any Pseudo-
nitzschia cells present to species level.

3. METHODOLOGY
3.1 Sampling Sites

The 23 coastal sites around Scotland selected to participate in the monitoring programme

. (Fig. 3.1) were chosen on the basis of their location in relation to shellfish harvesting areas,

previous history of toxic events and also geographic position around the Scottish coastline.
The 79 offshore sites targeted for water collection (Fig. 3.2) were selected by the FSAS to
provide a wide geographical coverage of the commercial harvesting areas.

3.2 Sampling Protocol -

The sampling method described in Kelly and Fraser (1998) was used to take seawater

samples for the identification and enumeration of potential toxin producing cells. Integrated

water samples were taken using a 10 m tube sampler, one litre of which was preserved with
Lugol’s iodine and sent to FRS for analysis. Samples were requested to be collected
monthly in winter (November — March) and weekly during the summer (April — October).

Six sites, Stonehaven (north-east Scotland), Scapa (Orkney), Scalloway (Shetland), Loch
Maddy (Outer Hebrides) and sites A and B at the Isle of Ewe (west Scotland) were sampled
weekly throughout the year as these sites were also part of an FRS coastal ecosystem
monitoring project. Two sites, Dhoon (Solway) and Loch Ryan (Clyde), were sampled
monthly .due to the limited availability of the collectors. To increase sample return three
sites, Vaila Sound (Shetland), Basta Voe (Shetland) and Loch Leven (south west Scotland),
were requested to participate in the programme during the summer.
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3.3 Light Microscopy

A subsample of the preserved sample (50 ml) was examined using the Utermohl technique
(Throndsen 1995) for the presence of toxin producing cells. This method has a sensitivity of

20 cells.I’. The target species monitored and their associated toxin are presented in
Table 3.1.
3.4 Transmission Electron Microscopy

Ten samples with >20,000 cells.I" Pseudo-nitzschia spp. as determined by LM, were
selected for analysis by transmission electron microscopy (TEM). The cells in a 900 ml
aliquot of sample were allowed to settle and the top 850 ml gently siphoned off. The
remaining 50ml was concentrated to a volume of 5 ml by centrifuging at 2500 rpm for
15-20 minutes and the supernatant discarded. The diatoms were then cleaned using the
method of Christensen (1988). Cleaned samples were rinsed with distilled water and
concentrated using centrifugation to a volume of 1-2 ml in distilled water.

Samples were mounted on a 150 or 200 mesh formvar-coated TEM grid using a Pasteur
pipette and left overnight to air-dry. The samples were then analysed using a Phillips 301
TEM at the Electron Microscope Unit, Department of Zoology, University of Aberdeen.
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Figure 3.1 Location of coastal sites selected for inclusion in the phytoplankton
monitoring programme from 1 April 2003 — 31 March 2004. Dashed lines
indicate borders to the coastal regions.
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Figure 3.2.

Latitude

Offshore sites selected for monitoring during 1 April 2003 — 31 March
2004. The sites arise from a crude subdivision of the ICES fishing boxes
IVb, Va, Vla. The dimensions of the individual boxes are 15 nautical
miles square.
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TABLE 3.1

Phytoplankton species and associated toxins monitored through the phytoplankton
monitoring programme during 1 April 2003 — 31 March 2004.

Species Toxin
Alexandrium spp. ' PST (paralytic shellfish toxin)
Dinophysis acuminata DST (diarrhetic shellfish toxin)
D. acuta DST (diarrhetic shellfish toxin)
D. norvegica DST (diarrhetic shellfish toxin)
D. dens ' DST (diarrhetic shellfish toxin)
D. rotundata DST (diarrhetic shellfish toxin)
Prorobentrum lima DST (diarrhetic shellfish toxin)
Lingulodinium polyedrum Yessotoxin (YTX)
Protocerétium reticulatum Yessotoxin (YTX)
Pseudo-nitzschia spp. Amnessic shellfish toxin (AST)
Protoperidinium spp. Potential Azaspiracid (AZA) producers
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4. RESULTS

4.1 Sample Return

The number of samples requested from the 23 coastal sites (which include two in Loch. Ewe)
varied depending 6n whether the site was following the more traditional method of reduced
sampling during winter or alternatively was part of a more comprehensive ecosystem
monitoring programme, in which case the objective was to obtain weekly samples
throughout the year. In this context 35 samples were requested from 12 sites and
52 samples were requested from 6 sites. Of the remaining 5 sites, two could only be
sampled monthly throughout the year due to the limited availability of collectors while three
entered the programme in the summer months. However, both these sites had an excellent
return rate with only one sample missing out of a possible 24 (see Loch Ryan and Dhoon,
Table 4.1). The return from the ecosystem monitoring sites was also generally good with
greater return than 90% for the sites at Scapa Bay, Isle of Ewe (A and B, both 100%) and
Stonehaven. The return rate for Scalloway and Loch Maddy was 83% and 77%
respectively. The average return from the ecosystem sites was 92.0% (Range = 77-100%:
Standard Deviation (population) =7.5; n = 6). In contrast, the average return for the sites -
from which 35 samples were requested was 39.7% (Range =3-97%; Standard Deviation
(population) =27.6; Range = 12). This would suggest that where the sites are part of a wider
programme, the sample return is considerably better.

Ultimately a total of 506 samples, from a requested 812, were received from the coastal sites
during 2003/04 (Table 4.1). '

A total of 79 offshore sites were sampled (Table 4.2). Only one sample was received from
thirty four (34) of the sites, a site being a standard box currently utilised as part of the
offshore biotoxin monitoring programme. The average number of samples for the remaining
45 sites was 4.4 (Range 2—17; Standard Deviation (population) = 3.1; n = 45; Median = 4).
Fifty (50; 21.6% of the 232 offshore samples) of the samples collected were collected from
around Orkney, including 17 from O19. Forty two (42; 18.1%) of the samples were collected
from the South Minches while thirty one (31; 13.4%) samples-were collected from both the
North Minches and Moray areas. Less than thirty samples were collected from each of the
remaining 5 areas (east Scotland, Shetland, Clyde, Hebrides and Jura).

Overall, a total of 738 samples (506 coastal, 232 offshore) were received and analysed
during the period covered by this report.
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Sample information for' water samples from coastal sites received 1 April 2003 - 31

March 2004.

TABLE 4.1

Site rgs{repsl’gsd ?:Crzi?/l :j % return Collector
St Abbs 35 2 6 EHO
Dornoch Firth 35 1 3 Highland Council
Loch Laxford 35 13 37 Shelifish Farmer
Loch Roag 35 34 97 Shellfish Farmer
Loch Scridain 35 19 54 Shellfish Farmer
Loch Eishort 35 20 57 Shellfish Farmer
Loch Etive - 35 20 57 Shellfish Fafmer
Loch Leven - 12 7 58 Shellfish Farmer
Loch Fyne 35 16 46 Shellfish Farmer
Loch Striven 35 1 3 Shellfish Farmer
West Loch Tarbert 35 19 54 Shellfish Farmer
Sandsound 35 18 51 Shelifish Farmer
Busta Voe 35 4 11 Shelifish Farmer
Vaila Sound 27 20 74 Shellfish Farmer
Basta Voe 17 2 12 Shellfish Farmer _
Scalloway 52 43 83 “North Atlantic Fishéry College
Scapa Bay 52 50 96 Orkney Council
Isle of Ewe A 52 52 100 FRS
Isle of Ewe B 52 52 100 FRS
Stonehaven 52 50 96 FRS
Loch Maddy Y 40 77 Volunteer (Comman na Mara)
Loch Ryan 12 11 91 EHO
Dhoon 12 12 100 EHO
Total 812 506

EHO - Environmental Health Officer; FRS — Fisheries Research Services
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TABLE 4.2

Sample information for water samples from offshore sites received 1 April 2003 - 31
March 2004. All samples were collected by FSA Charter Vessels.

Site No of Samples Site No of Samples
East Coast Received West Coast Received
E1 6 C3 1
E2 1 C4 1
E3 3 C5 2
E5 3 C6 1
E6 5 C7 1
E7 2 C8 1
E10 1 H5 4
E17 1 H6 1
E21 2 H8 3
E22 1 H9 2
E23 1 H10 1
E26 1 H11 1
E27 1 J1 5
E33 1 J2 4
M2 4 J3 2
M3 2 J4 1
M5 1 J5 4
M9 5 J8 1
M10 7 NMS 2
M11 2 NM6 2
M16 1 NM9 6
M17 2 NM10 2
M18 4 NM11 2
M19 1 NM12 4
M25 1 NM13 10
M29 1 NM14 1
010 5 NM16 1
011 8 NM17 1
018 13 SM5 1
019 17 SMé6 7
020 2 SM9 5
024 1 SM10 6
027 2 SM11 7
028 2 SM13 1
S3 1 SM14 7
S6 2 SM15 8
S7 1
S9 1
S10 2
S11 2
S13 . 1
S14 2
S16 1

E — east Scotland; M — Moray; O — Orkney; S — Shetland; C — Clyde; H — Hebrides; J — Jura;
NM — North Minches; SM — South Minches
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4.2 Light Microscope Analysis
4.21 Coastal sites

Light, nutrients and temperature ail control phytoplankton growth. Phytoplankton attain
higher cell densities from spring — autumn when day length is longer and sea temperatures
are generally warmer.. The maximum values of Alexandrium spp., Dinophysis spp., Pseudo-
nitzschia spp., P. lima, P. reticulatum, L. polyedrum and Protoperidinium spp. recorded from
each of the coastal sites from 1 April 2003 to 31 March 2004 are summarised in Table 4.3.
The bubble plots in Figures 4.1-4.7 show the number of cells observed and also when no
samples were received. The complete resuits for these sites are given in Appendix I.

The results show Alexandrium spp. to occur in the coastal areas during the spring and
summer months with maximum values observed in June and July 2003. High levels of
Dinophysis spp. were detected from June to September. Two distinct blooms of Pseudo-
nitzschia spp. were observed. The first occurred in April 2003 and comprised mainly of
Pseudo-nitzchia spp. cells with a cell diameter less than 5 um. A second bloom, comprising
mainly of individuals with a diameter greater than 5 ym, was observed in the late summer
and autumn. Protoperidinium spp. was observed in the water column in low numbers

throughout the year while Prorocentrum reticulatum and Lingulodinium polyedrum were
observed infrequently.

4.22 Offshore sites

A summary of the toxin producing phytoplankton numbers observed in water samples taken
at offshore sites is shown in Table 4.4. Full details of the results are given in Appendix 1.
The lack of frequent samples from these sites prevents any detailed examination of the
dynamics of toxic phytoplankton species in offshore sites.

10

b

N

,»wwwi

N

pr——




1-I'S1I®9 0Z = Uopos}ap Jo Jwi "psjosiap jou saioads uopjueidoifyd ng peyosyioo sejdwes pu.

€03100 91

pu pu pu pu 088y pu pu 90/ BIseg

gounr g €0Inrie €0 bny | e0ry g0 nrie eomrie
00.'2 ov pu 114 005'681 009°t 0z6 punog ejiep

€0 unr og €0 uUnfr og €o unr og €000 ¥! €0 unr o€ €ounr og €o unr og
080°L 0¢ 0c 0c 002'€s orv'L 0o¢ 90/ Ejshg

gounp g €oinr 9y €0 Inr 9| gounr gl €0 Inr 9l €oInr gL
000°L 00!l pu 08 029'9z1 ove'e 0988l punospueg

€0 >_:ﬂ 8l

€0 Aen og eoinr g €0 Inr G2 €0 bny g eoinry €oinr gl eoinr i
0cL 4 oy oc 089'06¢ or9‘lL ove'y Aemojjeos

€04y /| €0 1y £Z €0 ABl\ 0F €0 1dy /| €0 1nr ¥ £0 1y €2
09¢ 0¢ pu 008 09289 00¥ 008 edeog
puepayg pue AsudqiQ

gounr gz

or pu pu pu pu pu pu UHi4 yoouioQg
jseq yuioN

€ounr gy €0 1dvy 91 €0 Bny gz Y0 ged g2 eoinrg gounr gz €0 idy 9}
0202 0¢ 0c 0c 08v°'20¢ 002 orL uaAeyasuolg

€o unr gl gounr g} gounr ol gounp gi €o unr ol
(114 pu pu 0oc 08L'e 00¢ PN sqavy 1s
jseq yjnog

peAlasqo ajeq paAIasqo aje( peAlasqo a1eq | peAlasqo sjeq panIasqo sjeq pan1asqo ajeq pantasqo eeq ou
*dds winjupriadojosd wnemonel o | wnipsfjod 7 ewr] d ‘dds ejyoszju-opnasy ‘dds sisAydourq | -dds wnupuexapy uS

002 YoIely L€ — €002 14dy | woly sa)is [e)seod je painseaw (,.I's1199) seidads jab.e) Jo sisquInu WNWIXeN

€'y 3navl

11



: — R T MR N o N { ki

1781180 02 = uondsap JO Jiwi "pajoslap Jou ssjoads uopjue|dojAyd 1ng pajos|joo sejdwes :pu

€0 1dy / €0 1dv zZ €010 ¥l €0 AON golnr | €0 Bny 6z
082 0z pu 09 0906 - 08l ov uaqle| Yoo Isap

€0 AON 81 £0 AON 8L 0 JeiN G|
0c pu pu pu 081 pu 0c UdAST o0

€0 10V ¥1 gounp gz gounr g £0 e g1 goune 1z
09¢ pu ' pu 0¢ 081°S 09 02 8Allg Yya0T

gounr gl €o unp €2 €0 deg 6z €0 unf gy €0 ddv p1
0952 pu pu 0z 09l'evl 092 09 UIBpHOS Yo0T
1sam yinog

€01dv 12 €04dy L2 €0 Bny g} eoinr . €0 Aep 02
orl 0c pu pu 0z.'8. 09¢ 09¢ Hoysig Yoo
€0 el oz €0 unr og €odeg g €010 9 g0 deg 91 €ounr gz €0 dy 82 g 8us
00} 08 0¢ 0C 081°€0l 0zL'e 091 am3 Jo ajs|
€01des g €olnr e gounrg €0 ey €2 €o unr €z €0 e g1 v als
ov9 0Z oy pu 09.'LY 096'% 001 amg Jo ofs|
IS leNjUDD

€0 Aey 0z €0 Bny gy godes v €0 bny ¢ godes | gounr g
0914 pu 0¢ 0¢ 0¥8°G6 ovl 00.'S Beoy Yoo

€011 22 mr oL €0 bny 9 €oinre inr gz

09¢ pu 0P pu 096°L52 0¥9 09 Appep yoo1
sapuqoH 19)N0

gounre goInr vl €0 Aep gz gounr /g €0 Aep gz
082 pu pu 02 008'G 08€'C oob piopxeT Yoo
}S8M YHON

pamasqo ajeq panssqo aleq paaasqo paAlasqo paAlasqo ajeq poAlasqo ajeq paA1osqo ajeq ol
‘dds wmuipuadojoig wnyenonal 'd | 8yeq wnipahjod 7 ayeq ewy ‘d ‘dds sisAydouig ‘dds wnupuexay 'S

‘dds enyozju-opnas4

(-

12



,-I'SII83 02 = uondejap Jo Jwi "pajos)ep Jou sepads uopjuejdojAyd ng peyos)joo ssidwes :pu

€0 ke 9

pu pu pu pu ove pu pu uooyqg
Kemjog

counr g €0 bny 92 0 ey GL gounr g gounr g
029‘L pu pu 005 02s 001 09 ueAy yoo-

€0 Aepy G €0 Aen g €0 Aepy g
pu pu pu pu ov9's 44 0zv'L UsAlS 4yooT

€0 ke 61 €0 dos 01 €0 Aen | €0 1y $Z
ovl'e pu pu pu 9vs'zs 009 09 auk4 Yoo
. apA|o

paA1asqo ajeqg paAlasqo ajeq paAlasqo ajeq paAlasqo ajeg paAIasqo 8jeq paAlasqo aje( paAI8sqo 8jeq ou
*dds wnjuipuedojoiy wnenonal d winupeAfod 7 ewy d ‘dds ejyozju-opnosy -dds sisAydouiq ‘dd$ wnupuexeyy "S

13



remty

£

A B S

,-"S1192 0Z = uoposlep 4o W "pejos}ep jou sajoads uopjueldojfyd Ing pajos|joo sejduwes :pu

¥0 Je|N 62 ¥0 1l /2 70 JeN 62 (epA1D)

00l pu pu pu . 02L'2e pu 09 saxoq 9

€0 INr 92 ¢odes 6 gounp 1z ¢0des 6 (eanr)

08l pu pu pu 086091 ov 02 sexog [

€0 Jdy ¥} €0 des g €0 bny 9 £0 Bny Gz €0 bny $2 (sepugsH)

ove pu 0z pu 08€'8S 0z 09 soxoq H

€O unp Gz pue G| €0 unf og €0 unr og €0 Aely G2 (Youry wis)

09¢ pu pu pu 00€'0ey 00G°‘L 00l sexoq NS

€0 1y 62 . gounp gz o unr €z €0 4dv 62 (Yyour YIN)

089 pu pu pu 020'6€1 002 00} sexoq AIN

€0 ey 6z €0 bny 1| €0 1dy 2| gounp L) c0 Keiy €1 (puefiays)

099 pu pu 02 099'8 ov 08l sexoq S

€0 Aeiy ¢} ) €0 Bny 91 gounf GL go unr Gl (Aeunu0)

09¢ pu pu pu 088‘Lv 00¢g 092 sexoq O

€0 4dv €2 gounp g €0 4dy €2 €0 bny g €0 4dy €2 (Aesopy)

090't pu 0z pu ovi'esy'l 08€'l 092'2 sexoq W

gounf 1 gounr ) €oinrzL counr 1 €0 Ae|\ ¥ (3se09 isB3)

0ze’l pu 02 pu ovL'2Z 005 08l soX0q 3

paAlasqo sle paAIDsSqo sl Um?_mwno aled panlasqo PaAISSqo aje poAlasqo ajed paAlasqo ajeq -

‘dds wnupredojoid wnipeAfod -7 aleqg ewyf ‘4 | dds ewjozyu-opnesd | -dds sisAydourg | ‘dds wnupuexsyy s

wmejnafed o

$00Z YoJIely L€ — £00Z I1Hdy | wo.y sajdwes aJjoysyo uf painsesw (,-'1 sl199) sa10ads jabie} Jo siaquinu wnwixey

Vv anavil

14



Monitoring Programme for Toxin Producing Phytoplankton in Scottish Coastal Waters

Figure 4.1

East Coast:

Alexandrium spp. cells observed from 1 April 2003 -~ 31 March 2004.

Note the exceptional bloom in Sandsound in July 2003.
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Figure 4.2
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Figure 4.3

* Pseudo-nitzchia spp. cells observed from 1 April 2003 — 31 March 2004
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Figure 4.4  Prorocentrum lima cells observed from 1 April 2003 — 31 March 2004
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Figure 4.5 Lingulodinium polyedrum cells observed from 1 April 2003 - 31 March

2004
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Figure 4.6  Proroceratium reticulatum cells observed from 1 April 2003 ~ 31 March
2004 '
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Figure 4.7  Protoperidinium spp. cells observed from 1 April 2003 - 31 March 2004
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4.2 TEM Results

The resuits of the TEM analysis are given in Table 4.5. Six different Pseudo-nitzschia
species were identified. P. australis, P. cf. delicatissima, P. cf. heimii, P. cf.
pseudodelicatissima, P. pungens, P cf. seriata. With the exception of P. cf. heimii all other
species are potential AST producers.

TABLE 4.5

Pseudo-nitzchia species detected using Transmission Electron Microscopy. The .
location uses the same box codes detailed for Table 4.2.

Number of Pseuo;o—
Sample Number / - nitzschia (cells I'") .
Location Sample Date determined by Light Species Present
Microscopy
03/277 30/03/04 846,100 P. cf. delicatissima
SM7
03/480 ' 08/07/03 - 307,480 P. australis
Stonehaven P. pungens
03/492 12/07/03 76,320 P. australis
E2 | P. cf. seriata
03/499 04/07/03 310,400 P. australis
Scapa :
03/657 01/09/03 22,440 P. australis
SM10 P. cf. pseudodelicatissima
03/675 09/09/03 29,360 P. australis
H5 P. pungens
03/679 09/09/03 133,440 P. australis
J2 P. cf. Heimii
P. pungens
P. cf. pseudodelicatissima
03/678 09/09/03 160,980 P. australis
J1 P. pungens
P. cf. pseudodelicatissima
03/681 15/09/03 52,540 P. pungens
fLoch Fyne :
03/702 16/09/03 8,580 P. australis
Loch Scridain P. cf. heimii
P. pungens
P. cf. pseudodelicatissima

22




Mohitoring Programme for Toxin Producing Phytoplankton in Scottish Coastal Waters

5. DISCUSSION

The primary purpose of the toxin producing phytoplankton monitoring programme is to
monitor the coastal waters around Scotland for the presence of toxin producing
phytoplankton cells. This monitoring programme can support the shellfish flesh monitoring
programme by providing an early warning for the potential occurrence of shellfish toxin
events. A recent study funded by the Food Standards Agency UK has highlighted the
relationship between toxin producing phytoplankton in the water column and toxin levels in
shellfish flesh (Bresnan et al., 2004). This study highlighted how phytoplankton cell numbers
can show great temporal variation over a time scale as short as a few days and that routine
fortnightly sampling frequency can provide insufficient information to warn of potential toxin
events in shellfish flesh. Thus the ability of any phytoplankton monitoring programme to
sufficiently monitor the presence of toxin producing cells will therefore be a function of its
temporal and spatial spread. The overall worth of the 2003/04 exercise was compromised
by the low sample return from some sites. While six sites achieved a sample return of
>95%, a third of the coastal sampling sites targeted had a sample return of <50%. Sites
which were a component of another FRS programme provided a significantly greater sample
return rate. An improved sample return will be required if phytoplankton monitoring is to be
used to accurately assess the presence of toxic phytoplankton species in the water column
or to act as a trigger to initiate shellfish flesh testing.

Alexandrium spp. numbers were particularly high during 2003. Alexandrium spp. have a
complex life cycle strategy involving formation of temporary and overwintering resting cysts.
The controls that govern these processes in Scottish species have yet to be elucidated. The
spring and summer of 2003 were exceptionally warm and calm and it is possible that this
may have had an influence in promoting the development of these blooms during the year.
The Alexandrium spp. bloom observed in May in Loch Striven was associated with PSP
levels in mussels greater than the closure limit of 80 pyg STX eq 100g™". No shellfish
samples were returned from Sandsound during the exceptional bloom in July 2003.

Dinophysis spp. cells were observed at most sites that returned a regular supply of samples
during the year. This is a complex dinoflagellate and very little is-known about its life cycle,
mainly due to the inability of this cell to be successfully grown in laboratory culture. Cell
numbers were lower this year then in previous years. The highest number observed this
year were at Isle of Ewe Site A where 4,960 cells.I" were recorded on 23 June 2003. No
shelifish samples were collected from this site during this period.

Blooms of the two Pseudo-nitzschia spp. morphotypes measured by LM in the monitoring
programme (P. delicatissima ‘type’, diameter <5 um, and P. seriata ‘type’, diameter >5 um)
were observed during the year. High numbers of P. delicatissima ‘type’ cells were observed
at both M10 and Scapa during April 2004 while high numbers of the P. seriata ‘type’ were
observed in Loch Maddy during August 2003. TEM analysis of 10 samples from around the
Scottish coast once more highlighted the complexity of Pseudo-nitzschia Spp. populations.
Six different species were identified with up to four species co-occurring in the same
population at the same time. Further study is needed to determine if all of these species
actually produce ASTs in laboratory culture.

The highest number of Prorocentrum lima was observed at Scapa where 800 cells.I”" were
observed in May 2003. This species is benthic, i.e. it lives on the seabed sediment surface.
The site at Scapa is particularly shallow and the samples frequently contained suspended
sediment. Although P. lima cells may be more easily resuspended from the benthos at this
site, the number of cells in a 10 m integrated hose sample may underrepresent the true
population size of this species.
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This was the second year in which the two yessotoxin-producing species, Lingulodinium
polyedrum and Protoceratium reticulatum, have been reported. As in 2002-2003 both
species were observed infrequently and at low concentrations, maximum levels being
40 cells I" and 100 cells I'. Scottish shellfish samples are not routinely monitored by
chemical methods for the presence of PTXs, or YTXs.

Protoperidinium spp. has been implicated in azaspiracid poisoning and all Protoperidinium

species present in phytoplankton samples are enumerated. Protoperidinium is a common
member of the dinoflagellate flora around the Scottish coast and is frequently present in low
numbers during the summer and autumn. A range of Protoperidinium species, including
P. bipes, P. oblongum, P. depressum and P. conicum, was observed over the vyear.
P. crassipes, tentatively associated with the production of AZA was infrequently observed.

The degree of temporal spread was particularly poor in the offshore samples making it very
difficult to make any significant comments about the dynamics of potential toxic
phytoplankton species in Scottish offshore waters. The very high Pseudonitzchia spp. cell
numbers observed in M10 indicate that blooms of this diatom can occur in these offshore
areas.

The poor rate of return from coastal sites and the limited temporal spread from offshore sites
significantly compromise the usefulness of the toxin producing phytoplankton monitoring
programme. The collection of coastal samples might be improved by a combination of better
communication with potential collectors and encouragement to co-operate. But collection of
samples from the offshore area raises more significant logistical and therefore economic
issues. Thus it is recommended that a weekly sample be collected from a smaller number of
offshore sites in order to gauge the temporal variability in the dynamics of toxic
phytoplankton species in offshore areas around the Scottish coast. It is further
recommended that consideration be given to greater utilisation of multifunctional sites that
can support weekly sampling. ' -
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