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(omments on  ELR Lor Pebble Beach Golf (ourse Proposal » ~

g et

T T henefore fwcm;t ;53 have the following queations and Lasued addnessed by the
e Pebble BeacfllCom{mmdL in ful in the completed Daalt EIR.

,4,/ i ,f Pebbde Beac/f Cam/xmy inatsds on going l{u/zwwzd with #hein pwwwii o,f_' ancithen
golf course how. will they determine what effect the added use of fentilizens,
Rowund-up ard othen weed killens, ﬁung%’-owlem will have on creating additional
Red Tide in oun anea, How do they plan o mitigate a7

B). How will they mitigate the loss of manine Life from

increasing ned tide pﬁemymgna?

. Where will they ge he additienal waten aupply Ao water the golf counse? 3

D). What kind of fertilizers does Pebble Beach (ompany plan te use and what will
its impacts be on the sea life Lrom nun-ofd? '

In submitted article 3 Toxic F entiligens &t poinis out that ‘any mtenial
that has fentilizen qualities can be labeled and used as fertilizen even if
it has dangenous Levels of chemicals and heaey metals. Instead of stoning these

2 (cont.)

( /Lagcmdowj matenials Aa,felg, dome companies are Aaving millions of doddars by
nepacking toxic westes into ;fefuﬂiigeyw. ! :
Will these heavy metals and Zoxic substance be in the fertilgens used by Pebble
Beach . {omoany. How can they assune us that the fentilizens they use are not e 2 (cont.)
kind mentioned above? _
£)v Round-up is a poisen and its effects ane forn more damaging than previously
nealized, Oves the Pebble Beach (ompany wse Round-up or s counten code
< o names? I submitt (quﬁéde/\zn the harmfud . effects of Round-up and Rodeo.
Anticle 4 'fonsantos herbicide 'Wound—(,/p" Linked #o deadly fungus. "How can
this potential Fusanium fungas {lane up Lrom the use of Round-lp damage the
wxinting fonest systen already veakened by Piteh (anker and othen forms of
disenses eounten a furthen attck of Fusanium Lungus, Will they be willing o
Lonego the use of Round-up entinely as a mitigation?
Fly How has the pesticide , fentilizen use and other chemicals needed -
#o keep a golf eounse healthy affect the ned Legged frog,an endangened. species

A pOAA/L(')Ze mitigation would be to provide a breeding program but what use 4
would #his be if #hein habitate was ,wi,derbed to an unaccep:éaéle devel and world
- an added golf eourse atiain that level?
Acconding to Dovid Dillworth, Pebble Beach is using chemicods now banned due Fo
figh is:w,ia.i,é%ﬁ e neloted #his sony o me Ine day he wad riding his bike Hhrough 5
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among the most toxic substances known to humans

Wher you hear the words “harmfui algal
hicom,” do you think of pmmr‘a. karm caused to

as illness ot evan death? These are the

people, su
extreme harms, but there are many’ other, less
harras caused by (ox ic algal blooms. In this issue of
Red Tlies, we €% aming one very important marm: the

economic 1oss to ihe fisheries i1 in coastal reﬂ;‘)ns_.

including recreational, COM mmercial and subsistence
operations. The articles a emonstrate how far-
reaching and « devastating \ st Coast toxic blooms

can be.

What {5 a harmful algal bloom
Analg
cal species multiplies uniil it dominates the

i bloom cccurs when & singls micro-

scopiz al
rmrrodcoplc plant {phy toplankton) COmmMunity,
reaching such high concent rations that the water
beromes colored. These blooms often are referred to
a5 “ted tides” but can also appear green, yellow or
brown. Most harmful algal blooms {HLABs) are
considered harmful because the algae constituti_no
them produce extremely potent natural poisons
known as biotoxins. Some of these compounds are

on theWeczt Cagsé:

visible

How common are HABS?

Seientists belisve the incidence of ¥i

ABs and
the marine biotoxins ¥ oroduced by them: has increased
over the past fow dacades. Atleastone study shows
an increase in frequency, duration and geographical
distribution that cannot be explainad e*mrﬂl"b\
1mm0~ red monitoring, @ oreater attention from the
sclentific community, o7 consumer a asg related
ta increased seafood consump otion. Fowever, there is

nat enoug, 1oh information ava

=ble to nr-')vme a claar
We would need decades of
mpr rehensive shellfish samp pling data in order o
ach

answer to the question.

conclusions about the fregquency and possibility

creasing occurrences of HABs on the West Coast.

it

E isting data are sketchy, focusing g primarily on
commercial and recreaticnal S'\e”nsh harvesting
areas. Further scientific research eventuaily W1_l
reveal the cause
An example of collaborative research with a goul
determining the causes of HABs is the Olympic

Region Harmful Algal Bloom (ORHAB) project (see

West Coast Research, this issue), a program led by the

Northwest Fisheries Science Center.

< and mechanistns that trigger FIABs.



Econc

FLAEs have adverse economic impac

on the

'rwmar\ health, coas tc\l econo-

% I'ne threa f"’r- dt de has pro.mpLecl muti_
clusures of both commercial and recraational
shellfish harvesting as well as finfish aquaculture
operations in s0me oastal stat
have resulted in lar”e scale financial losses for
the industry and bankruptcies in some cases.
FIAB occurrences affect consumer er:eptmm of
the safety of uncontaminated shellfish. This
reduces the demand for shellfish in general and
affects the fishing and aquaculture industries

s. Past closures

even where thers is no algal contamination.
HABs may have significant impacts on coastal
economies. The uncertainty associated with
toxic algal outbreaks adversely affects invest-
ment in coastal aquaculture.

Bans on recreational harvests affect local
gconomizs by reducing the amount of money
harvesters spend in local communities.

¢ [ABs impede subsistencs 2 and ceremonial
harvesti

by native ‘amarican coastal tribes

Some tribes and low-income coastal comm uni-

ties flenenc. on shellfish as a source of nutrition,
therefore they may expe: ience a higher numbet

ssoctaied with HABs.

the m\)ht important Exche*‘ in the U'\iteé States, both
in terms of the quantity of seafood harvested and the
e region leads in both

dollar value of that catch.
the nuraber of seafcod procassing plants (Figure 13
and also in the number of people employed (about
3”»% of all individuals employed in the seafood
dustry nationwide).

The Pacific region accounts for 83 % of the total
pounds of seafood landuc{ in the US. and 41% of the

total value of seafaod products. The 1998 value of the

region’s salrnon harvest was
$257 million and the value of
harvested crabs and clams
was $608 millich. In the

Gulf 2

The Need for Economis Analysis
Although seme attemots have been made to
estimate the economic impact of certain red tide
gvents, these studies haver't gone far enough.
Researchers have calculated direct cosis to the
aguaculiure industry but these rapresent a low
eqtimate of the true cost of FLABs, wiich should
inciude the health costs assocml'ecl with toxic
outbreaks, impacts on demand for uncontaminated
shellfish and impacts on recreational shellfish
harvesting and on the coastal economy. Estimating
both the overall economic impact of HABs, and the
costs of preventing and/or managing them calls for

an integrated assessment approach that would
& examine the economic impact of HABs on
~onsumers, the shellfish industry and both
coastal and regional econamias;

& evaluate of the costs and benefits of reducing
coastal pollution and other human-related
activities that may exacerbate the FIAE problem;
and

4+ weigh the costs and benefits of increasect

monitoring and sur veillance that could poten-

tially reduce the number of she » harvesting

closures.

aLLOUnt for ab(mf

| lhor- per ve
of the seafood rm'l\eL Al bivalve bnt_luh“h and crabs
such as Dungeness crat, are at risk of containing
toxine from blooms of various harrnful algae, Clearly,
HABs
Pacific region fishery and fisheries across the U.5.

can have a major impact on the economy of the

Figure |.
Distribution of seafood processing plants

Mid-Atlantic 17%

New
England
17%

Inland States
South 8%

) 594
Othar Atlantic &

"o
Areas 2%
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Economic inmpact
on commercial

Washington's oyster industry is valued
annually at more than $40 million

The 1997 PSP blooms in Washingtor state
severely impacted the oyster harvest in Puget Spund
and in the ccastal estuaries of Willapa Bay and Grays

Harbor. One unusual aspect af the blooms was that
they oceurred in November and Decenber. The small

farms in closed areas suffered great financial losses.

A Puget Sound-area farmer of clams and oysters said
il n

that he was forced ieht weeks, causin

him to ©
to be $3,000 per

The PST bloom in willapa Hay and Grays

o Dav, which

fw] .

¥
Harbor was felt just before Thanlksg
is the ovster industry’s busiest dme of the year

anting for40% of the BLBINeSs.

Vbays were reopene:i by mid-Drecember, sales
on ware also lost because
rket.

the Christmas s2@

million. Over 100 workers were laid off and many
more had hours reduced.

tdot anly did the small oyster farms suffer in
1997, the entite industry felt the {mpacts of P5F.
Large companies had to scale back: sheilfish farming
in the coastal estuaries and in Puget Sound. Oyster
diggers and shuckers throughou?t the state lost their
jobs during this PST event.

HAB biooms are not yet predictable, S0 NO ONe
can tell you when and where a bloom will occur.
But they are sure to 0CCur again. Progress in HAB
forecasting and rapid detection will help redice
economic unpacts.

in the “last frontier” state, ther

is the dinoflagellate

harmtful @

gal species
ndrium thai causes PSP, A pers

¢ eCOnOINIs

Alexa

and human health probiem for Alaska, PSP fatalities

17

date back-to 1799 when crew members of Alexander

Baranof of the Russian/ merizan Trading Company
fainted biue mussels at Poison Cove.

In 1997 and 1998, nine illnesses and one d

ate

were reported from Fodiak lstand, the Aleutian

Peninsula, and the panl'tandl:: near juneat. Although

maost PSP ilinesses happen during summet months,
the season for toxin occurrence cannot be predicted.
in the spring of 1999, another death oceurred on
Kodiak lsland, and illnesses requiring emergency
atlention were rep()rted in February and Jung 2000.
Due to under-reporting of peisoning events, the
actual numbet of ilinesses may be 10 to 30 times
graater than reports indicate.

OF all states in the Pacific region, Alaska has
the largest, most productive fishery in the United
Grates, contributing 54%, of the nation’s potal land-

r
ing

lion, commaercial fishing is second only to oil as

o, With an annual revenue of approximately 33

aska’s most impariant industry. The fishing

supplies more than 10% of Alaska’s jobs, while
seafood processing accounts for $3% of employment

ie the manufacturing -~ Although finfish and
erab fisherias are SNOTMOUS in the state, PSP hinders

expansion of Alaska's shellfish industry because

re
and financizal risks, and prevent axisting shellfish

atory requirements for testing increase the COSiS

operations {1om maximizing income.

The cost of PSP 6 the commercial fishery,
recreational harvesters, and the aquaculture industry
is believad to exceed $10 million annually. Research

L

 ta develop quick. inexpansive methods

is anderway 2

by which shelifish farmers and recreational/
subsistence harvesters can determine safe
shellfishing times. In addition, early warning
systems that will allow more effective management
of seafood resources
are being tested on
buoys (see West
Const Research, this
issue).

Dungeness crab,an
important West
Coast resource

N
i

¥
[

©
aArine respurees,
but no toxin
monitoring program
is required to Q53ess
the qualicy of their
harvests in a timely
manner. Alaskan
Natjves can be 10
times more likely to
contract PSP than
the average resident
of Kodialc. Because
Alaska does not have
an agency charged
with monitoring the
recreational/
subsistence harvests
for marine toxins,
sampling and testing
costs must be paid
by the harvester.
Testing laboratories
have a statutory
responsibility to test
commercially-
harvested products
first, so a subsistence
harvester may Wait
severa! days for
vesults of a sample
test.

raductions in state
funding will result in
user {ees for state
toxin testing.The

asults to the
agquaculture industry
would be disastrous.
A littleneck clam
farmer who seiis B0
ibs. of clams each
week would be
required to send six
samplesto z {ab for
testing, at a total
cost of $750.With an
estimated gross
income of the
harvest at $2000, the
cost of testing woulid
rise to over 37% of
the income from the
harvest.

2
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Razor clarn diggin
ona V\’a..h'ngcon
i

state beach in {937

0‘7@

G photo by Jones Photy,
Aberdeen, Wa,

Because of declining fish stocks.in the Pacific
Mucthwest, ineluding rockfish and salmon, tribes are
elying more heavily on shellfish than ever before.,

Shellfish and crustaceans are a primary source of
income to many tribal members. The Quinault tribe,
for example, depends on razor clams for both
commercial and subsistence harvests. In Septembe
1998, the tribe’s entire harvest was tost becaus-. of
record levels of domoic acid in the meats,
A resource survey that year by the tribes and

Washington rWwar‘mpr\l of Fish and Wildiife indi-

cated that the large, adult clam population (over 3
inches shell length) greatly exceeded numbers
ated in previous years. On the four beaches that
constitute the Quinault harvest areas, this survey
indicated that approximately 250,000 of these clams
should have beer harvested for commerzial sales, At

about four clams per pound, that constituted a greal
economic loss to this tribe.

The situation did not improve

sin 1999 B
natural die-offs of clam pepulations cecur
five

use

hongt ey
years, and DOsSlJl» because of untayvorable 19
Ef Nifo conditions, the O Juinautt clam hary

was
substant lly reduced in 199% for 3 5 econd vear in a o,

The Guileute Tribe in La .-ush 1
akso suffered great mor

hingron
ry losses duunb the 1¢
domoic acid episode. Toxin levels in Dungeness crab
were above the regulat tory limit. Crabbers had a
choice of eviscera ting the crabs (re'novm" the guts)
or closing down the fishery entirely. They chose

1

to
eviscerate, which greatly deuﬂusvc
of the crabs. This commercial | industr
money typically earned. If this toxic ep
been predicted, tribal fishers could have sought an
alternative buyer (for evisceratad product;, ahd
she Ilhsh managers could have opened the razor elam
harvest prior to the toxic event,
depressed tribal economy.
“Shellfish ma inagers need access o qutick

the marL‘et value
th" 50%, of th
sode had

saving maney for g

screening tools for the analysis of toxings and taxic
species in both shellfish and seawater Such screening
assays would not only protect-humans from —axposurg
o toxins but also would .mal-:e mon .
[SH1
rlwelnpa. and tested in the field as g collaborazion
‘een the Quileuts tribe, the Nationa! Ocean
SEI‘VIE” and the Northwest Fisherjes Science Center

“tive, Q-“r-:en‘nc* ASSAY5 are currently




ational b
a commer-

The

razor clam industry staried
n the late T500s and evolved iflo one of

creational shellfisheries. During

diggers have been

Luumerx on the 60 mil \dv coastal beaches in
ern Washington state. Over the

ed tribal harvest in ofi-
reservation areas, within the tribes’
accustomed fishing areas, has reduced the number of
clams available to the recreational fishery by up to
50%

central and s

years, disease and incr
usual and

In the 19605 and 70s, up to a million digger
¢ harvest razor clamas on

trips were made each year
the open coastal beaches in Washington. This harvest

provided business for restaurants, moiels and RV
parks where " attracted
to share stories of ho.\.-x-' iimit of the

am cleaning sheds” diggers
they caught their
“wily razor clam.”

Il
clams during a routing

, domoic acid was

st for PSE Damotl

iy g gy 2
o by
4 h%‘ il A -4

natuvas U

Thi toxin can ac Llﬂ‘nlh"\lt

of razor

tive tissu the o

wle it does not huart shellfish, people wha

M.
eat domnic acid-laden meat can becorne sick. sufter
short-term memory loss, and occasion ally
v closure of the Long Beach Pcﬂ;l”ﬁuld in the
all of 19‘.." affec ds of diggers and coastal

businesses Domaoic d to incn
ir: the closure

die. Aan

ted thousat
id levels continue

€

and spread to other beaches, resultir

of ali five major clammin[; bE'—li:l‘u::s. The closures
ing an estimated

lasted inte the caus

revenue loss of million, based on

sstimates of $25 per day per digger

Less obvious economic imparts can be just as

important to the overall picture.

#  Short-notice emerzency closures have sometimes
lefi clam diggers dbmpomied and frustrated
given the iong-distances they travel, non-
refunded lodging casts, and their disbelief of

In the 1998-2000 se

were closed multip

ason alone.

authority figures.

e tim

zor clam beaches

raz

with only a couple of d uﬂ‘]S notics.”

A scanning electron
nicroscope image of
Pseudo-nitzschia, the
diatomn that can
produce domioic acid




Same of the problems discussed in this newsletter are the ¢

udy Funded by Wy

on Sea Crane Program

subjects of active Wast Coast research projects. Here i 2 i Jooki twhether uniceliular or multiceliular organisms
1] . P L . N v . — e

brief overview of some of these projecs. have th {!t_\.’ e measure Hne, “Cic within the cell

2 August 2000 launched the fiveeyear Olympii' Region Harmfu] control tundamental biochemi ind molecuiar ave ts that

stof dictat

Algal Bloom (ORHAR) monito ring project off ths

wrvival Fora unicellular g g survival mav meag

Washington state. This is = mult: ciplinacy; multi-agency rephvating ibself swimming ce
partnership to investicate the origins of open-coast blooma of ot In the case of Heterosignu cu releasing a muitiple-

domwic ag id-prodtcing algae, and assess the environmeniaj

on Loxin. Heterosignia causes severe problems to farmed
conditions under which they occur and are transported to Fish giobally in both temperate and sub-hropic Tegions,
coastal shellfish. The major partners are: Battelle Marine
Labozatory, Nocthwest Fisheries &
Mational Marine Sanctuar

1ence Lenter, Olympic Coas

Pacific Shellfish (nstitate, Chiinault

Indian Nation, Saicens

_ovporation, [_fili\"&l‘liit“," of \'\/hshinglon,

its of Fish and Wiidlife, Health, and

ponsored by the Cenisr for Caastal

smant, NOAA

*  Alse during Auzust, field testing began on a protatype buoy
menitoring systen for the detection of toxic algal spacies. The
instrument, called the Environmental Sample Processor, or ESP
will collect discrete water samples autonemously, concenirate
microorganisms within those samples onio filter disks, and
automate application of preservatives, DNA {or other molécular

Ecology. This pre
hionitoring and A

probes) to enable identification and quanti
captured,

*  Aproject on Kodiak Island, Alas
teclnclogy and advanced seawa
to determ

on of specieg

2 molecular probs

toxin detection techniques

& witether Hhere js a corielation

abundance of the toxic d inoflage

L oy ﬂﬂ%ﬁ

S K IR e R ST aidt < 5
toxicity of shell L (Mytilus edul avelop the N K § )
- A o ot b ehelfel, £ ) ‘1 Red indicates areas of highest chlorophyll, Satelljte
prove method that can be usad by shellfish farmers and

T ; . imagery is baing tested as a foracasting too! in the
fecreational/ subsistencs harvesis 2rune safe H ORHAR projact,

harvag e

0o

LAGE

British Columbia
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Harmful Algal Blooo s (HaBs)in Western North America

Dr. ’V\v‘"lliam <"ochlar;

Sanjor Research S ientist, KT
chlang nln'sfsn edu
5 338-3541

HARMFUL ALGAL BLOOMS (HAB:s) ~ the definition of a HAB is not clear-cut, since it is a
societal term, not a scientific term, that describes 2 diverse array of blooms (both macroscopic
and macroscopic) that can cause detrimental effects to national economies, including:

« Toxic effects on humans and other organisms — biotoxins

s Physical impairment/death of fistshellfish

¢ Wuisance conditions — odors and discolouration affecting recreation/tourism

¢  Overwhelming effects on ecosystems, including

1) Severe anoxic conditions
2)  Overgrovith of bottom habitats
3y Disruption of ‘norw rmal’ food webs
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However, the concentrations-of algal ells which make HABs do pot have to be

visible — hence the confusion with the ,,urr'mon tarmn *Red Tides’

=T TIDES — are blooms of single-celled microerganisms (phytoplankton) that attain suzh
densities that they discolour the seawaler; the most common ‘red tides’ are {he miotils
phytoplankton cells, termed — dinoflagellates.

Red tide is & poor term since they have:

1) Mothing te do with tides (although aiways coastal), and are
2) Mot necessarily red in colour (may be red/brown/green/orange)

Red tides are naturc\i events and have been reported since Biblical times (Exodus, Chap.7, Vs. 20-21)
Most are commonly » harmless and unreported.

Remember of the ~ 3400-4,100 extant marine ph ytoplankton species:

o only 300 species reach densities for water discolouration ‘red-tides’ (7%)

e 60-80 species of these 300 spp. are harmful (2%), and only half of these have the capacity to

praduce toxins (1%)

Three Basic Types of Harmful Algal Blooms
{all three found on West Coast of f North America)




1 lndiscrim'mate it of wiarint Fauna (_Marine Fauna Mass Mortaﬁty)

This 1Ype of HAB 15 due 10 the creation of anoxic conditions resulting in the 'mdissr‘\m'mate
mortality of maring fauna, including fish and inyertebrates: Any phytop\ankton species could
potent'xa“y cause such 2 HAB in 2 coastal env'xronmem thereby causing 2 change Of disruption of

normal food-weDb dynamics
QOxygen depletion is due 10

. High regpiration at night, Of in dim light during the daytime
. Bacterial respiration (decomposit'\on reaction) Juring decay of bloom!

The most common series of gvents {eading O such o TIAB are 25 follows:

1 phytop\ankton grow and maultiplys {ncrease 10 density

2 cells become concem'-:atad physicauy — onshore winds, seml—enc\osed bay
3

nutrients needed for their continued growth are eventually exhausted

4 phytoplanktoo cells dig, and are decomposed (wh'xch requires oxygen) by bacteria
5 waters become low in oXYEER or become 0¥ gen dep\éted (anoxf\c)
o 'md'lscr'xm'\t\ate death of marine fauna A CASCADYNG FFFECT

West Coast examples: dinoflageliates Lingulodiniu‘m‘-polyedrum (Xudela and Cocblals 2000,
{quatic Microbial Ecology 22 31-47) Noctilucd scintilians (Buskey, 1995, Journal ofPlankton

Reseai‘ch 17: 29-40) and the phototrophic ciliate, M’esodinium pubrum (Cloern et al., 1994,
Journal ofPlankfon Research 16: 1269-1276') . @ speciss which bloorms frequently in San

Francisco BaY> sacluding 1ast June, 2000.

1. gelective Fish (Marine Fauna) Killers (\1sua\1y toxins aré produced)

P’nycotox'ms, which are either 'mgested (endotoxlns) or celeased into water (\exotox’xr\s), can harm
or kill fish and shellfish. On the West Coast, HAB fish kills ar most common in pen—rcared
Atlantic (Salmo salar) and Pacific (Oncorhynchu_s spp-) salmonids- Fish kills of wild fish have
been reported, but are not 2 severe as the East Coast and Gulf of Mexico HABS.

ydrogsht ‘paroxide. Ng harm to humans. This species has also peen found off the LOS
- Angeles River. This 15 the main killer of farmed fish in Ppacific MNorthwest and also 2 major

willer of peaned fish world-wide (e.g., NeW 7ealand, gcotland, Chile, N orway)-

&

THatoms, Chazstoceros convolufis and Che concavicorne (ot
%

Tyicornis (mor= gury! aline) af¢ spiny pny’top‘;a)u’,: which

1
1
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seing AIMIes with short cecondary sp-mes‘(barbed selae). Chains of these celis become lodged

berween gill tssue, and trigger massive 4mounts of MueUs by the fish. Continuous jrritation
exhausts the supply of mucus and mucous cells, causing lamellar degradation and eveatual

death from reduced oxygEN exchange.

« Dinoflagellates, 2. Gymnodinium breve - problem areas include tropical s€as; Gulf of
Mexico, Florida, and Japan- Geveral different toxins either secreted Of leaked out of releassd
during cell lysis, causes red blood cells to burst in fin fish, eventual asPhyxiation since they

can’t transport 0XYEEn Have been reported in Tampa BaY, Fl by Spanish explorers in the
16" century, not on the west coast.

o Pfiesteria SPP - toxic ambush predators - 1° reports on the west coast as of 2000, strictly 2

east coast problem, mainly North Caroling, appears 10 be spraad'mg northward ntc

Chesapeake Bay and Virginia.

il Toxic Vectoring Through the Food Chain
This TIAB mechanism 15 8T indirect poisoning via the food chain, where the filter-fesding

1

o
o] o
coanism i typieails insensitive of marginally sensitive 10 the algal toxin, put the predator which

feeds on this Orgd Jqsmis sensiuve to the toxin ;eratned and accumulated in the tissue of the filter

his type of LAB is the ‘most dangerous o mamimals (including fumans) oN the west

f

coast, and CAD reault in humat iliness, MEmMOTY loss and mortality. Generally the toyin
accumulates in the guts of crustacsans, crzbs and sand orabs, and in the muscles of ciams,

| geoducks, and oysters -

s Paralyfic., Shellfish Poisoning (PSP - caused by @ saxitoxin (there at loast 18 different types

of these PSP neurotoxing) released bY species of the dinofiagellate genus, Alexandriurm,

particularly_ A. tamarense and 4. catenella. There 18 1O specific antidote 10 saxitoxin

pOISORINgG from PSP, only 2 treatment of the symptoms to prevent death by asphyxiatien.
First reported (and understood) o0 the West Coast py Native Americans, and later by Capt.
George Vancouvel (RN} in 1793 during e}zplorations of the Pacific Northwest (Poison
Cove, B.C). Note that toxin accumulates in the heavily pigmented siphon of butter clam
(Saxidomus gigantsus\) for ~ 1 yeal- Possible cyclical period'icity in B.C. (every -8 years;El
Tino years

« Diarrhetic Shelifish Paisoning (DSP) - caused DY species of the dinoflagellate genus

Although DSP is not normally reported on the west Coast, the causative

s commonly found here and recent unpub'{ished research SREE ests that DSP is

‘i.e. Montstrey Bay). Species include D- fortit, gouta, acumindta

a
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mammal deaths (> 400 se2 lions, northern fur seals, Oters, marine birds) oceurred 10 Spring,
1998, Human deaths (3) and serious illness 100) reported ON Fast Coast of Canada during
one bloom event. The toxin, domoic acid (DA), is produced by species of the diatom genuus
Pseudo—nit;schia. The toxin accurmnulates in filter-feeding shellfish (.8 blue mussels, and
razor clams), Dungeness crabs, zooplankion and planktivorous fish, northern anchovies
sardines, (and zooplankton =~ unpublished results). Both non-toxic and toxic species of
Pseudo»nitzschia species, including P multiseries, aqustralis and pseudodelicatissima have
been identified on the West Coast, but individual toxic strains are not always toxic. A recent
pub\ication (Scholin &t al. 2000, Nature 403 80-84) describes the trophic transfer of DA to

marine mammals off the central California coast (Montarey Bay region)-

1n humans, DA poison'mg can cause dlsorientatlon and short-term memory 1088 that can
become permanent. This disorientation was Very apparent in affected sea lions in 1998, many
which were apparently unable to find their way back to the se2 in 1998. Recently, toxic
blooms causing harm 0 marine mammals Were reported in spring/summe'r, 2000 in upwelling
ZONEes off s central California coast (Trainet ot al., 2000, Limnol.Oceancgr- 45: 1818-1833),
and blooms have been also reported (and shell fish affected) off V‘Jashington/()regc,n in

September—@ctober, 2000.

Useful HAB W ehsites

da.whoi.edu/hab/ Re commended
Recommendea’

http/ W W redfi
http/ /www.bi.qelow.omlhab/
htto://wwmf.cbr.nrc.ca/issha/

hitp:/[WWW .ioc.mwsco.org/hab/ default.htm

hitp:/ /Vwm'.ioc.unesco.om/hab/ news.htm

http://wwwnw{sc.noaa.qov/hab :
http://wsttartl com

Good Review Literature

Anderson,D.M. 1994. Red Tides. Scientific American 271: 52-58

Anderson, D.M., and D.J. Garrisom. 1996. The gcology and oceanography of harmful algal

blooms. Limnology and Oceanography (special volume) 42: 11 1009-1305.

Anderson, DM, AD. Cembella, and G.M. Haﬂegraeff. 1998. Physiolog'xcal ecology of harmfﬁl

algal blooms. NATO ASI Series, Ecological Sciences, vol G 41 662 -

. o - : ; ; 100% © o armful merin
Tallegrasil, oM., DM Anderson, and AD. Cembelia. 1G5, Manudl on harmful T8 ne
T

microalgas. 10C Aanuals and Guides No. 33, UNESCO. 551 p.
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Harmful algal blooms (HABs, which inciude the highly visible ‘red Lides’, have become an
increasing menace to our coasts over the last decade. Until recently, the most common type of
HABs experienced in California we re those caused by relatively harmless, non-toxic
dinoflagellates (mo tile, single-celled phytop ‘an}:ton), These microscopic, plant-like organismg
ccumulate in such great numbers that when the y die from lack of nutrients and begin to dec
Lhm* decomposition uses up all the oxygen in the water and the re gion may become anexic,

resulting in an indiscmmnate kill of marine fauna. Red tides may also cause respiratory distresg

in humans as well as in marine mammals and birds because the individual cells cap be
acrosolized and swept along the ocean surface by local winds. A dramatic red tide bloom of the
dincflagellate Lingulodinium polyedrum occurred in 1995 extending from the upper B ja
peninsula in Mexice to Montere ey Bay and as far offshore as San Clemente Island. Fo_rtunatehg a
strong wind event dissipated this massive bloor m prior o its decay, and ne harm to the marins

environment was Although the monomjc impacts of such tideg may be massive,
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the factors that 51 tain such blooms, and littie ig known about thejr

ccophysiology. In the AME paper {attached), Drs. Cochlan and Ra phael Kudela, have
demonstrated that 7, polyedrum grows very well when provided with a broad rangs of nitrogen
ncentrations and I'ght levels*

IMost notably, these cells can be nourished {or fertilized) by an organic form of nitro rEen
that had been previously ignored in HAB studies — urea ~ which is a iikel: ¥y contaminant in
heavily urbanized regions such as their study site off Newport Beach, CA. Urea and

ammonium are found in high concentrations ir both sewage, urban runoff and apricultura]

tertilizers.

Kudela and Cochlan are continuing their interests in HABs on another HAB phytoplankton, the
pOtGI‘ltldH_y toxigenic diatom genus Pseudo- nlz*”'SC']ua which is found locally along much of the

west coast, jncluding Monterey Bay. This diatom produces a toxin called domoic acid that

enters the food chain through a number of vectors and accurnulates in various zooplankton,
crabs, shellfish and finfish. Marine birds and mammals feeding on these contaminaied
organisms become ill, and many eventually die, which unfortunatel‘y we have seen in abundance

1

7 the sheres mF ffmemtamace T oo N o crryim
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trogen ui carbon uptake kinetics and the
irradiance for a red tide bloom off
California

L7, William P. Cochlan?

'"Ocean Sciences Departmenl, Uriversity of Califiornia, Santa Cruz, 1158 High Street, Santa Cruz, Caliiornia 33064, USA

Rombar rg Tiburon Cenler for Environmental Studies, San Francisco State University, PO Box 835, 3150 Faradise Drive,
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ABSTRACT: The kinetics of nitr ogen {nirraie, ammonium, urza) and carbon uptake by a red tide bloom

cor sisting almost exciusively of the dinoflageliate L

mined with - and ¥ C.tracer ter hniques, as a fun

arbonr and nitrogen). Samples
(!

-:tmn site, surface concentrations of L. 2

tions an Lmn ﬂuences and that urea '“uu_. pot

cl-?:man* ai ambieni urea con caniratdons and across

rapresent & more cornplets quantification of the N u
contrast markedly compared to pravious studies of

KEY WORDS: Lingulodinium polyedrum - Carbon -

3, during a massive raed tide Dluon‘. whic h occurre\_ off the

sulodiniun polvedrum (Stein) Dodge wers deter-
chion: of substrate concentration (ior nitr agen) and
ere collacted from Nawy Eeach, California

wice the maxima! rates for either
te and uptake versus irradiance experi-
by .hﬂm;ﬁmmd Hﬂlf SaTUration con-
s a fLu"' A

D(\ % of "mu Tl’l"‘:‘-“
;1g 2 F'-nan range of L\m}“ nitrogen conzentra

v pravide & ntage of the nitrogen
the entire spa ctruﬂ of hqm fluences, Tn ase data
uptake dvnamics of this bloom- -forming spacies and
L. polyedrum,
titrogen - Urea - Irradiance - Uptake kinetic

INTRODUCTION

During the late winter and early spring of 1985, a
massive red tide bloom composed primarily of the
dincflagellate Lingulodinium Dpolvedrum (Stein) Dodge
{basionym qun,ﬂd'huaxpojyeam) occurred off the coast
of California. Although blooms of this organism ara
relatively common in these »Jarer:., this particular epi-
sode was unusua i
pGI‘FjI occnrrence

th its al extent and its tem-

extendsd from tt

u

Newport Beach, wherP our samples were collected
chlorophyll a (chl &) concentrations were 125 ng It
while cell counts were in excess of 1.1 x 106 cells 177,
aven greater values were reported at La Jolia, where
chl a concentrations reached 519 ng It and cell counts
exceeded 2 x 10°1"! (Hayward et al. 1993). This repre-
sents the largest and most widespread red tide off Cal-
ifornia since 1902 {Torrey 19G2). Typically, red tide
occur in southern California during the late

i
—
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summer, and the 1893 bloom wa
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from this species by Schradie & Bliss (1962). Since that
report, L. poiyedrum has regularly been included in
‘tables of algal toxicity and screened with variable
rasults (see review by Lewis & Hallett 1997). It appears,
nowever, that marine fauna mortality associated with
ploom concentrations of L. polyedrum is likely the
result of deoxygenation and not direct toxicity.
Although Lingulodinium polyedrum has been exten-
sively studied in both field (e-g. Holmes et al. 1967,
Wwalsh et al. 1974, Eppley & Harrison 1975, Maclsaac
1978) and laboratory (e.g. Harrison 1976, Prézelin &
gweenay 1979, Heaney & Eppley 1981, prézelin & Mat-
lick 1983, Balch 1985) conditions, relatively little is
known about the nitrogenous nutrition of this species.
These data represent the first study to simultaneously
exarnine the utilization of nitrate, ammonium and urea
as a function of concentration, and to determine the ef-
fects of irradiance 00 N uptake. previous studies have
suggested that L. polyedrum must vertically migrate
through the nutricline to obtain sufficient nitrogen o
suppert observed growth rates (Maclsaac 1978, Heaney
& Eppley 1081). This was predicated on the etevated
dark-uptake values and the abnormally high half-satu-
ration (K values for NOg in this species. We demon-
strate that at the time of our study, L. polyedrum was
capable of meeting its-nitrogen demands from regener-

ated nutrients axclusively, and that e K, values for ali
I+ substrates are much lower than previously reported.

NMATERIALS AND METHODS

Sampling. This opportunistic 2 d study was conduc-
ted with samples collected aboard the RV ‘Marda'
during a cruise off Newport Beach, California (33°
34,58 N, 117° 53.24' W), on March 30, 1995, at approx-
imately 10:30 h Pacific Daylight Time (PDT). Whole
water was collected from the nedl surface using a
clean plastic bucket, and stored in 2 acid-cleaned poly-
ethylene carboys (rinsed 3x with sample water). The
carboys were transported in dim light to the laboratory
where they were placed in a walk-in culture room at
low light (25 pmol photons -t 1), constant tempera-
rure (14°C), and with a bubbling air source. Vertical
profiles of pH, temperature, salinity, and dissolved
oxygen were conducted using a Seabird SPE19-03 CTD
profiler equipped with an O, sensor. Light was mea-
sured with a Biospherical Instruments profiling 471 PAR
meter with a matching deck unit. Discrete nutrient and
pigment samples were collected using 5 ] Niskin bot-
tles (_equipped with silicon springs) deployed on &
nydrowire. Nutrient and pigment samples were stored
{frozen) 00 dry ice until analysis at the laboratory, and

smiples for the datermination of specias composition

er pfeser\fation with acid

Aquat picrob: Ecol 21:31-47. 2000

_,__,__/__’_//fe///_«

Lugol's solution. Additional samples for nutrients, pig-
ments, and species composition were collected again
immediately before the initiation of laboratory experi-
ments.

Tracer uptake experiments. Water was dispensed into
280 ml polycarbonate incubation bottles on March 31,
1995, ca24h after initial collectian. Kinetic parameters of
uptake for NOy”, NELS and CO(NHz). were measured
by adding varying concentrations (10 substrate levels
ranging from 0 to 36 pg-at N {1 (Cambridge Isotope
Laboratories; all 99 atom% M) to duplicate sample bot-
tles. Uptake versus irradiance parameters were deter-
mined by adding saturating ~oncentrations (final con-
centration = 8.92 pg-at BN 1Y of the isotopes o duplicate
sample bottles {except ured, for which no replicates were
conducted). The t5H,*-labeled bottles were also in-
oculated (final concentration = 178.6 pg-at PC 1) with
NaH¥CO; (Cambridge Isotope Laboratories; 99.9
atom% ‘C) for determination of carbon uptake rates.

The uptake kinetics experiments Were conducted
from 11:15 to 12:30 h PDT, while the photosynthesis
versus irradiance (P vs E) and N uptake yelocity versus
irradiance (V vs E) experiments were conducted from
14:30 to 15:35 h pPDT. All incubations were conducted
in clear Ple:(iglas“’ incubators on the roof of the Allen
Hancock building at the University of Southern Cali-
fornia (ambient sunlight, ca 2300 pmol photons m2s™h).
Ambient water temperature was maintained at 14 = 1°C.
The kinetics experiments were conducted at ca 50% of
the average incident irradiance (B, pmol photons
m-* s7') while the P versus E and V versus E sample
bottles were placed in clear Plexiglas® tubes wrapped
with neutral-density film (Courtaulds Performance
Films) to simulate the following light jevels: 75, 43, 26,
18, 15, 11.5, 8.5, 5,3, 1, and 0.27 9, E,. The 100% (un-
screened) and 0% (wrapped in aluminum foil) bottles
were not placed in Plexiglas® tubes, but were in the
same incubator-as the tubes.

All incubations were terminated by filtration (pres-
sure differential <150 mm Hg) onto pre-combusted
(450°C, 4 h) Whatman GF/F filters, and the filters were
immediately placed in a drying oven («60°C, >24 h).
The filters labeled with 13¢ were acidified with 3 drops
of H,80;. Time-2ero samples were taken to correct for
cellular adsorption of the isotopes, and additional sam-
ples were taken to ensure that the addition of H,S0;
did not affect the 15N analysis. No dark bottle correc-
tion was made (€.9. dark bottles were not subtracted
from light bottles) in the calculation of uptake rates
(2.g. Li et al. 1883). Samples weie prepared and ana-
1ozed for POC, PN and isotopic enrichment using 2

iy LT L '

TGyropa Tracermass mass spectrometer.

Absolute uptake rates were calculated for both nitro-

gen and carbon using EQ. (3) in Dugdale & W
For calculation of the carion uptake rates, the
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Filfgio in: O and M lanet

amblant TC concentration was assumed o be

ue is well within

2000 pg-al < Slawvk 1879). This

the error e: C0, value estimated from

pH, salinity, and assumned total alkalinity {2008 pg-at C;
using the caleulations of Lewis & Wallace (1997}, Up-
take rates for ainmonium and urea.were not correctad
for isotope dilutior (Gliberl et al. 1952}, and thersfore
should be considerad conservative estimates of uptaks
to the extant that isotope regeneration may have oc-
curred at the relatively high ambisnt pre-inoculation
nutrient concentrations during the short experimental
periods utilized.

Analytical methods, Determinations of NGO;™ + NOy~
(hereafter referred (o as NO;7) and Si(OH]),* were car-
ried out using a Technicon AutoAnalyzer I following

1

the procedures outlined in Waod et al. (1967) and Arm
strong et al. {1967, respectively. Ammonium samplas,
collected directly inta the polypropylene reaction con-
tainers and stored refrigerated after addition of the

(o}
rhanolic reagent, were manually analyzed (within 48 h)

Urea sampies {stored

vzed according to

& Clar: { d to account for a

longer (3¢ minj and lower {80 to 85°C) digestion tem-
5

perature. Pigment samples (chls a, b, ¢, carotenoids
and i on
Wh et te exirac-

1 i

replicates

served in acid Lugol's sclation {Parsons 2t al. 1934) and
stored in the dark until enumeration following Uter-
mohl procedures (Utermohl 1958).

Curve parameters. All curve fitting was completed
using a computerized, iterative non-linear least-squares

‘technique (Deltagraph, Deliapoint Inc.) which utilizes

the Levenberg-Marquardt algorithmi {Fress el al. 1992).
The nitrogern kinetics data were fitted to the Michaelis-
Menter formulation, after removing 1 extraneous point

(see below):

bor and nitrogen substrates.

& positive y-intercept {as des
1991b):
V= (@)

where V| is the maximal upiake rate in the absence of
photo-inhibition, ¢ and § are the respective light-lim.
ited and light-inhibited slopes of the uptake Varsus
irradiance curve defined by the equation with units of
(pg-at S cell™ h™') (nmol photons m™ s and B rep-
resents rradiance between 400 and 700 nm (rmol phe.-
tons m™* s7'}. For convenience we have not standard-
ized the units for @ and f (i.e. converted ta either h-!
or 57", but have lefi the units in the same form as wag
used for the Vand F values. The Vp term represepts
the positive intarcept in the presence. of dark-uptale,
nd is excluded from the carbon curves, Note that Vinax
nd V¥ are functionally equivalent if no photo-inhipi-
ccurs, where V,. repreéents the maximal uptake

o oo

o
jud
Iy
=
Q

rate observed, and V; represants the maximal uptake
rate in the absence of inhibiti

¢ of light adapiation (5,) is determined as the ini-
tial slope of the V versus F curve (Vaax/®), and hag
units of pma! photons m™2 57!, For clarty, we have nuti-
Lzed nitrogen symbols; the same equation can be para-
: carbon by substituting the symbol P?
- carbon uptake? for V (biomass'-spev
upiake). Curve fits were complated using

for ease of interpretation the
g tations provide the mean and error
o} pomts where replicates were con-

As demonstrated by Frenstie et al. (1993), intercom-
parison of various cwve-fitting methods may lesad to
markedly different fittad parameters. All of these data
demonstrated scme degree of photo-inhibitior:, which
is not accounted for by the Michaelis-Menten formula-
tion. Furthermore, the fitted parameters (V,,., E, o)
were similar using either the Platt model or the
Michaelis-Menten hyperbola (modified to allow for
dark-uptake) when the phaoto-inhibited samples were
removed from the analyses (data not shown). There-
fore, although most of the (few) previous studies of

nitrogen upiake versus irradiance have used the
Michaaslis-Menten formulation, we present these data
using the Flatt modsl {except where noted). All curve

fits (uptake vsirradiance, and
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determined using the varance approximation tech-
niques described by Zimmerman et al, (1987).

RESULTS
General hydrographic characteristics

In the spring of 1995, a massive algal bloom com-
posed of the dinoflagellate Lingulodinium polyedrum
accurred. off the west coast of North America, extend-
ing from the northern Baja peninsula to nonterey Bay,
California. In Newport Beach, California, surface con-
centrations of L. polyedrum were 1.1 x 108 cells I"! and
chl a concentrations were in excess of 125 mg m™*. Blo-
mass maxima (as determined from photosynthetic pig-
ments) were found at both the surface and subsurface
(6 m). The deepest collection depth for this study (10 m)
exhibited chl a concentrations in excess of 60 mg m™,
suggesting that the total biomass was substantially
higher than the 835 mg m™* calculated from trapezoidal
integration of the upper 10 m. The predominant pig-
ment was chl a, although secondary pigments {primar-
ily carotenoids) accounted for ca 40% of the total at all
depths (Fig. 1}. Phaeopigments wers negligible at all
depths, indicating that at the time of collection, the
Bloom was composed uf active celis rather than degra-
dation products. The diffuse attenuation coefficient
(Kppg) for these waters was 1.075 m-!. Floristic analyses
of the samples indicated that L. polyedrum accounted
for ca 97 % of the autotrophic biovolume; Co-0CCurrence
of high concentrations of the heterotrophic dinoflagel-

Nitrate, Ammonium, Urea (ug-atM LY
0 i 2 3 4

Depth (M)

Chib | Chic

50

0 25 75

Silicate (ug-at SiL™")

Fig. 1. Ambiant conditions for the water column of Newport
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late Noctiluca scintillans resulted in ca 42 and 56% of
the total biovolume being attributed to L. polyedrum
and N. scintillans, respectively. The N, scintillans popu-
lation was not accounted for in the presént analysis due
to previous results indicating this species to be an apo-
chlorotic, obligate phagotrophic dinoflagellate (Buskey
1995). During the approximately 24 h that the samples
were maintained in our culture facility, cell numbers
of L. polyedrum approximately doubled while chl a
declined from 125 to 61 ng !, No changes in the
phaeopigment or accessory pigment o chl a ratios
were detected, suggesting a physiologically mediated
decrease in chloraphyll per cell.

Although previous dinoflagellate blooms off the Cal-
ifornia coast have often been associated with up-
welling events (e.g. Dugdale 1979), the first 4 mo of
1995 for the southérn California coast were character-
ized by positive sea surface temperature anomalies
and negative upwelling index anomalies when com-
pared to the long-term harmonic mean, and were ac-
companied by unusually heavy rainfall with com-
parably heavy coastal runoff throughout California
(Hayward et al. 1995). Previous red tide blooms for this
area have been reported from May to September (Hay-
ward et al, 1993), which also makes this bloom the ear-
liest known occurrence for this location. Vertical pro-
tiles indicated a relatively warm (15.0°C) and fresh
(32.95 P35) strongly stratified upper water columnn with
cooler (12.9°C, 20 m), more saline (33.45-PSS, 20 m)
waters below the pycnocline located at approximately
12 m depth Dissolved oxygen concenfrations were
supersaturated throughout the mixed layer.

Salinity (PS3)

32.6 330 332 334

32.8
[

Dspth (M)

. - - =20
v i : 1 ] i
100 125 150 6 7 8 8 10 11 12 13 14 15 18
Temperature (°C), O%ygen (mg L")
WT—‘

1 10 100 1000
PAR (umol photons m2s™)

Beach, California, during sampling (ivarch 30, 1095). [A) Deptt pro-

ion within the mixed layer (water

carotencids) within the wixed layer. {
\ -7 - N
hetically available radiation (PAR; pmol photons ™7 S Yyatthe stud

10 to 20 m in (C)
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zs of Linguloditnurm g

ancentrations at the st
! loom (Bppley &Ild"! ison 19 with ele-

r{) concenirations ana deplete

o‘;'erlyh a shallow thermocline and & deeper su pLJl}.'
of NDy " The anemalous near-suriace peak at 0.5 min
MO, and SOH),' could be caused by freshwater
runofi (Hayward et al. 1993; but note the lack of a cor-
responding salinity signalj aeolian depasition, or a mis-
labeled nutrient sample. Ammonium concentrations
were elevated (ca 1 pg-at N I7) throughout the water
column, with a maximum occurring at 8 m depth,
below the subsurface chl a maximum (6 m), Approac h-
ing the Lhermoclinc NO," concentrations increased
while NO,” concentrations decreased. Measured urea

concentrations {ca 0.5 ug-at N | ¥
lower than the NO,” concentrations; urea exhibited &
similar profile to NO,”, with a subsurface maximum at
ca bto &m (Fig. 1).

1"} were considerably

Nitrogen kinetics

inetic parameters for the up
ﬂ[rate and a are Dresented in Tabie 1, and

to mﬁ\af:ﬂ ambient cunbennqt ons present in ths
c'nle:[e-;! water (0.75 pg-at i i

linearizing with the Hanes-W uoh t
& Rigygs 1865} provided valuas
and 1.01 pg-at cell™ L for the K, ¢ .
tively (Fig. 2). However, these values rely on the
assumed linearity of the data and should only be
censitlered as approximations. At the highest nutrient
inoculation (36 ug-at NGOy 1Y, NGy uotakﬁ was de-
pressed (0.231 = 0.063 pg-at N cell™* b 1 to less than

F 7 the data after

Table 1. Calculated kinetics parameters for uptake of NO;~,
urea, end NH,* Values [or NOy~ and urea were fitted using
the Michaeliz-Menten formulation; NH,* values were derived
from linearization {Hanes-Woolfj of the available data, and
are prasented for cemparison only. The r* column provides
the coefficient of determination and the sample size (n). Units
for wyy are (pg-at N cell”! h™') (pg-ai N I"4". Cell abundance
was 2076 % 10°% cells I, PN was 44.5 pg-at N I"* at the
beginning of the experiment
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and these points were not used in our analyses, A com-
parison of maximal uptake rates (Vimax pg-at N cell"!
h™Y indicated that uptake of urea was greatest, fol-
lowed by uptake of NH,* and NOy", with values of 1.32,
1.01 and 0.480 pg-at N cell"! h!, respectively. The K,
for urea was also greater than that for both NH,* and
NOj, indicating that L. polyedrum could utilize lower
concentrations of NH,* and NO; compared to urea.
Because of the effects of Voax 00 K, these values are
not necessarily a reliable indicator of preference at low
nutrient cohcentratio_ns’ (Healey 1980). The o parame-
ter, referred to here as ay (N = Viao/ K [pg-at S cell™!
ht{pg-at S I"Y7Y to differentiate from the P versus E
symbol, provides a more robust indicator for substrate
affinity when substrate concentrations are low (<Kj],
and substrate or inter-species competition is likely to
occur (Healey 1980, Harrison et al, 1989, Cochlan &
Harrison 1991), The oy parameters (NO;", NH,*, urea)
were within a factor of 2.

Uptake versus irradiance

The estimated parameters for the uptake versus irra-
diance data are summarized in Table 2 for ali sub-
strates examined (NO;“: NHH, urea and carbon) and
maximal uptake rates {Viad
were obtained for the nitrogen substrates in the uptake
versus irradiance expariments compared to the kin-
etics experiments (using Vinax values from Michaelis-
Menten curve fits for both data sets). There are several
possibilities for this discrepancy, including the use of
what we later determined to be less than saturating
isotope enrichments (based on the kinetics experi-
ments) or diurnal periodicity (e.g. Maclsaac 1978,
Miyazaki et al. 1987, Pettersson & Sahlsten 1990,
Cochlan et al. 1991a, Glibert & Garside 1992).

plotted in Fig. 3. Lowsr

Table 2. Calculated uptake
legos (1980) model modified for dark uptake, and error anal
et al. (1987). S: various substrates being fitted; the Optima
{E,). The r? column provides the cosfficient of de

versus irradiance parameters for NOy,
yses were determined using the methods described by Zimmerman
1 % E, column represents E, as a percentage of near-surface irradiance
termination and the sample size (n). Units for o, and fi were omitted to consarve
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Although it was possible to fit the Platt model to all of
these data, the N uptake data are not strictly light-
dependent. Dark-uptake rates account for a significant
proportion of the total uptake in these experiments,
ranging from 37 to 52% of V,,. In contrast, dark car-
bon uptake was ca 1.1% of Vinax for carbon. Both car-
bon and NO;™ uptake versus irradiance data exhibited
low E, values and correspondingly high values for the
initial slope of the uptake versus irradiance curves (o).
The « value for carbon (after converting to chl-specific
uptake rates) is proportional tc 98 % of the theoretical
maximal value proposed by Platt & Jassby (1976) for
coastal marine phytoplankton. All of the N substrates
exhibited similar affinities for uptake at low light
levels, with o values ranging from 2.04 to 2.41 x 10°¢
(pg-at N cell"" h™!) (nmol photons m~2 s)-!. Although
the nitrogen substrate curves demonstrated pronoun-
ced uptake in the dark, the E, value for carbon was 2 to
10 times lower than for the N substrates {(23.8 pmol
photons m™ s™' vs 64.1 to 253 pmol photons m~ st
for carbon and nitrogen, respectively). These values,
which represent the light intensity at the infleciion
point between light-limited and light-saturated ugi-
take, translate into ca 1.29% of the average incident
surface irradiance during the mid-afternoon incuba-
tions for carbon, and between 3 and 12 % for nitrogen,

DISCUSSION

Lingulodinium polyedrum has been an oft-studied
organism due to its frequent presence in red tide
blooms off the southern California and Baja California
coasts (review by Lewis & Hallett 1997%), including
examination of both nutrient (e.g. Eppley & Harrison
1975, Harrison 1976, Maclsaac 1978, Balch 1985) and
light (e.g. Prézelin & Sweeney 1979, Heaney & Eppley

NH,*, urea and carbon. All data were fitted to the Platt & Gal-

space; the units are (pg-at S cell” h~!)/(umol photons m™? 54} for both

. Vmax Vdark Ek a B Optimal r?

(pg-at Scell'*h™)  (pg-at Scell'' h™')  (umol photons m? 57} % E, (n}
NO; 321 0.166 64.1 2.41E73 2.05E7 9.0 0.769
(SD) {0.028) {0.002) ' (1.04E73) (2.8657%) ’ (26)
NH," 0.488 0.182 149 2.05E7 7.41E7° 1.0 0.801
(SD) (0.126) (0.018) - (9.48E"Y (2.14E79) ‘ (23)
Urea 0.828 0.381 . 2.04E™ LB1E™ 120 0.773
{SD} (0.019) {I¥D) - (66755 (1.87879) s {12;
CO, 5.25 0.059 g 2.04E" 2.1587 ‘5 .838
(3D) (D.404} 1.31) =2 (1.39E™4 (5.2387% b {223}

N
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uptake as a function of irradiance for a natural assemblage cf
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curved plots are fitted directly to the 3-parameler P versus E

curve {Piatt & Gallagos, 1880) modified to account for dark

uptake (Cochlan ei al. 19011. Error bars indicate =1 SD of

rephcate samples, except for urea (C) for which there were no

replicatas. &: date were no tmcludpd in the curva fit orin the
estimat on of kinetic parametars £ non-replicate data

few descriptions of the dynamics of urea uptake for a
dinaflagellate under natural conditions.

Previous field observations coupled with stu i' s in
the laboratory have led to the spaculation that Lingu-
lodinium polyedrum achieves maximal bm“m» con-
centrations in nutrient-depletad waters by vertically
migrating through the nutricline at night (Maclsaac
1978, Heaney & Eppley 1981). By doing so, L. polye-
drum could maximize its ability to utilize NO4™ in the
dark, which could account for 50 to 100 % of its nitre-
genous nutrition (Harrison 1976), while photosynthe-
sizing during the daylight hours. Our results confirm
that L.
qul e in the dark. It is impo

hat the culture room lighting (25 pmo! photons m™* 57!

1 to the E; value for carbon uptake by this
species (25.7 nmol photons m -* 57, suggesting that
significant amounts of stored photosynthate may have
the initiation of the experiment.

hloom

pelyedrum is capable of maintaining significant
rtant to note, however,

was equa

been p_resent before
At elevaled dark-uptake values are often assc-
uated with N du;y‘lan“" {e.g. Harrison 1976, Paasche
et al. |DRL] this interpretation is confounded by ths
often high ¥
drum, even
Harrison 197
& Eppley 19

1

tes of darl N uptake found in L. polve-

ient conditions (Eppley &
aclsaac 1978, Heanev
} showad that in cul-
a from a 20 io

: Was more
affecied by starvation than was light upt 11 . Heane‘y &
Eppley {1881) alsc showed that L. polyedruu exhibits
complex bshavior when nutriznt limited, including’
avoidance of high lght levels and cessation of vertical
migration. In their data, this was accompanied by a
rapid (ca 1 d) drop in the atomic C:N ratio from 8.5 to
6.5 with the addition of nitrogen. For our experiments,
dark uptake accounted for ca 4‘3 %o of total N uptake
and the mean C:M ratio from the YC samples was 9.1 =
0.20 (= SE). Based on the references cited abave, this
suggests that the assemblage was approaching nitro-
gen limitation. This remains speculative, however,
given the wide range of dark-uptake capacities and
C:N ratios in this and other algal species.
Heterotrophic uptake (aspecially by bacteria) of dis-
solved N compounds could also contribute to our mea-
sured dark-uptake rates. However, the elevated con-
centrations of Lingulodinium polyedrum would make
the contribution ot other potential competitors neqgligi-

Dle in [h~ measured uptake rates. Bacteria are known
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trophic organisms have also been shown to outcom-
pete heterotrophs at alevated substrate concentrations
(Suttle et al. 1990) such as were measured at our study
site. We are therefore confident that our dark uptake
rates are not representative of heterotrophic uptake
given the elevated ambient concentrations of ammo-
nium and the use of near-saturating additions of N in
our uptake versus irradiance experiments.

Based on Vi, values, apparent N utilization fol-
lowed the order: urea, NH,*, NOjy™. Calculation of the
f-ratio [f = Vyo,/( Vo, + Vi, + V)] at ambient nu-
trient concentrations also demonstrates a reliance on
regenerated forms of nitrogen, with an estimated value
of 0.01. This value was calculated using the Michaelis-
Menten equation and the kinetics parameters from
Table 1. Even if saturating concentrations of NO; were
present (for example if the population were to verti-
cally migrate below the nutricline), simple calculations
demonstrate that the f-ratio would only rise to 0.29.
This value is based on the measured uptake rates
and kinetics parameters (Table 1) when the ambient
NH,* and urea concentrations are held constant and
the NO," concentration is increased to 12 pg-at N 17,
stoichiometrically equal to the ambient Si(OH), 4"
concentration. Calculation of the percent urea uptake
(% Uptakeureﬂ = [Vurea/( Virea + VNH4 + VNOg) x 100}, de-
termined using kinetics parameters from Table 1 and
average nutrient concentrations (in the upper 10 m),
provides a relative urea utilization of 33.8 %. This
value falls well within previously reported literature
values for other natural assemblages in oceanic,
coastal, polar, upwelling, and freshwater systems
(Table 3).

It is possible that the NO;™ uptake rates, but ap-
parently not the urea uptake rates, were inhibited
by the relatively high ambient NH * concentrations
{e.g. McCarthy 1981) or were diurnally fluctuating.
However, Harrison (1976) reported that Lingulodinium
polyedrum exhibited no NH,* inhibition at 50 pg-at
NH,* I'! for short periods. He also reported maximal
NO;™ uptake and nitrate reductase (NR) activity at
midday in both N-saturated and N-deficient cultures.
Similarly, Packard & Blasco (1874) reported high NR
activity in low-NQj;~ waters, Regardless, the instanta-
neous nitrogen demand for this assemblage could eas-
ily be met by a combination of NH,* and urea assimila-
tion (assuming 7:1 C:N assimilation ratio, a sustained
Vmax for C uptake, and saturating irradiances). It is
important to note, however, that sustained uptake at
Vimax could deplete the ambient nutrient pools in about
4 h, requiring an equally rapid regeneration rate to
maintain this growth rate,

Maclsaac (1978) in a study of a naturally occuwrring
bloom off the Baja peninsula argued that Lingulo-
dinium polyedrum required both sufficient {and simul-

taneous) surface light and NO;™ to achieve red tide
concentrations, and that there was no evidence for the
vertical migration and dark uptake of NOj". Although
our Ey vatues (3 to 12% of near-surface light) are simi-
lar to the values Maclsaac (1978) reported (ca 4 and
10% for NOy~ and NH,* respectively), Maclsaac also
reported insignificant dark-uptake of NO;~. Prézelin &
Matlick (1983) demonstrated that under nutrient-lim-
iting conditions, L. polyedrum is more susceptible to
photo-damage, while Heaney & Eppley (1981) repor-
ted that under autrient-limiting conditions, L. polye-
drum will delay or even cease vertical migration into
higher light. These behavioral adaptations likely pro-
vide both prolonged exposure to higher subsurface
NO;™ levels, and avoid photodamage associated with
the near surface,

In this study. uptake rates for all of the tested
substrates demonstrated at least some photoinhibition
(B values; Table 2), The carbon data were more pro-
nounced in this inhibition, which is not unexpected
given the extremely low F, value and the direct de-
pendence on light for carbon assimilation. Nitrogen up-
take is potentially buffered by the ability to utilize indi-
rect sources of reducing energy, and so would not be
expected to demonstrate the same degree of depen-
dency on irradiance. Notably, however, uptake rates
even the highest irradiance (>2100 umol photons m2
') were not appreciably depressed, with N uptake
ates at 6310 90% of V... Given the elevated dark-up-
take of N, this lack of suppression may be partly ex-
plained by the lack of dependance on photon fluences
for N uptake, However, examination of the dark-cor-
rected Vi, values (V' .. calculated as V" max = Vigax ~
Viark) indicates that N uptake for the highest light levals

ok
ai

S
T

" remained at >50% of V', while the light-inhibited

carbon uptake rates were ca 37 % of Vj,,.

Despite the low E, values, this assemblage was capa-
ble of maintaining uptake rates of all N substrates at
50% of Vi, or better, even at the highest irradiance
(2119 pmol photons m=2 s™Y. This irradiance is unlikely
to be encountered for any length of time in ecologically
relevant conditions, given that it was achieved at noon
in a Plexiglas® incubator. These data, together with the
dark-uptake values which demonstrated that Lingulo-
dinium polyedrum could maintain 37 to 52 % of Vinax i
darkness, indicate that this dinoflagellate is capable of
maintaining high uptake rates of nitrogenous sub-
strates at all ight levels, Similarly, photosynthetic car-
bon assimilation reached 50 % of Vinax @t the extremely
low level of 1.2% of surface irradiance, and was still at
37 % of Vg at the highest light levels (Fig. 3D). It is
possible to calculate the apparent demand for nitrogen
at varying light levels and ambiant nutrisnt concentra-
tions based on our reported uptake versus irradiance

and uptake varsus substrate conceniration
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parameters, and the reported atomic C:M ratio of 9:1
(Fig. 4). Fig. 4A provides the potential uptake of nitro-
en at ambient concentrations of substrate (using the
average concentration in the upper 10 m of the water
column) versus irradiance. To determine these rates,
we used Eq. (1) to calculate an ambient V value based
on the kinetics parameters reportad in Table 1 and the
average nutrient concentration. We then used the cal-
culated ambient Vin Eq. (2) as V, to determine ambi-
ent uptake versus irradiance (Fig. 44). In Fig. 4B, the
same data are presented as C:N assimilation ratios
individually and for varying combinations of nutrient
uptake, again as a function of irradiance,
[nterpretation of these plots is somewhat difficult

since the measuremeats were conducted at a single
time point and we are assuming that the nutrient kinet-
les and uptake versus irradiance responses are both in-
dependent and representative of the population as a

ake valuss at ambis
itrations as described in tha text, Na
5 ar2 on a sapar ""'s (B) D“

concen

~al. 1674, Eppley & Harrison 1575, H”—'SL

made. First, the low ambient concentrations of NO;
make this substrate the least utilizable farm of nitrogen
for this assemblage, while the ability to efficiently uti-
lize urea and NH," at ambient concentrations and all
light levels suggests a greater reliance on these re-
duced forms of nitrogen for growth. Second, if the as-
semblage were to maintain its atomic C:N ratio at 9:1,
all of the nitrogen requirement could be met by urea
assimilation alone, If the desired C:N ratio is closer to
Redlield proportions (6.6:1), nitrogen demand could be
met by ut tilizing urea subsidized with either NF* or
NO;~ Third, exclusive reliance on NO4~ assimilation
could only meet the N demand at either extremely low
or extremely high irradiance levels, while NH,* utiliza-
tion capacity falls between NO4™ and urea. Reliance on
urea or NHy* of course requires a continuous supply of
these nutrients, since at the cell abundance and nutri-
ent concenltrations measured the population could strip
the water column of all the N in less than a day,

We observed an approximate doubling of cell num-
ber during the ca 24 h in which the samples were held
in the laboratory, with an approximately 4-fold de-
crease in chlorophyll per cell (from 125 to 61 pg I'!
cell’!; the relative proportion of phaeopigments did not
change). Conditions in the culture room (25 umol pho-
tons m™? 57!} were equivalent to considerably less than
5 m depth at noon for our collection site, using a zenith
solar irradiance of 2300 pmol photons m™? 57!, 15 % loss
at the air/water interface (Kirk 1994), and the measured
Kpag value 6f 1.075 m™!. Before and after the solar
zenith, this depth would be proportionately shallower
Possible mechanisms for the decrease in cell pigmenta-
tion include photo-adaptation (since mean light levels
in the culture room were constant and possibly higher
than the average mixed-layer depth) and/or cataboliza-
tion of the pigments as a nitrogen source to support
growth. Final cell chl a levels (ca 35 pg ch!l a cell™'} are
consistent with the results reported by Prézelin &
Sweeney (1979) for high- and low-light cultures (44 and
77 pg chl a cell!, respectively) and Prézelin & Matlick
{1983} for N-limited (35 to 54 pg chl a cell™!) and N-sat-
urated (increase to ca 72 pg-at chl a cell™!) cultures. In
southern California, reported values for natural assem-
blages range from 22 to 38 pg chl acell”! (Holmes et al.
1967), 114 pg cell™! at our study site, and with the pre-
sumed pigment concentrations of 260 pg chl a call!
(>2x10° cells I'!, 519 pg chl al™!; Hayward et al. 1995).
The growth rate suggests that the phytoplankton as-
semblage was not yet severely nutrient limited (typical
growth rates range from 0.4 io 1. O douklings d'in nat-
sampies, ca 0.2 doublings d™! in culturs;

ural

ol

Prézelin & Sweeney 1579). Unfortunately we do not




et

and the ex-

s combined with the potential

]
£ 10

: _aat'mn of th -clu a pool and the lack o
organic nitrogen in the carbovs suggest that all of the N

demend in vitre was met by recvcled nittogen and/or a
decrease in M per cell, Whethe
occurred in site is impoessible to determine from these

r 4 similar mechanism

data, and we have no evidence for or against the Lingu-
lodinium polvedrum population in this study augment-
ing their N nutrition by vertically migrating. However
based on-the measured f-ratio and the ability of L. poly-

edrum to meet essentially all of its nitrogen require-
ments from ragenerated sources, we believe that it is
not necessary to invoke vertical migration from & nutri-
tional standt»omt.

Another trend reported in the iiterature that we
couid noi correbor t in our Dnﬁ*' were the high K,
values for NOy and NH,” (Table 4), whizh are about 1
order of magnitude higher than the values reported
here (Table ij. Harrison {1@?6} reported a K, value

n cultures that was similar to ours

for NO; uptake i
(ce 1 pg-at Nj, but weni on {o conclude that thiz Tow

iSL.‘ﬂS of our 1
torical estimates for

pravi
I

cusly reparted_
1 15 the lowsst of
conclude that nafura

apparent Lhdf under siratifie

Table 4. E{inetic pa.rameter: for nitrate u

’here v'=-1° neG h[nkah. """ ajues iol anumonium and urea

uptake jexcept NH," K, = 5. 5- Epplev et al. 1989). The Vi,
value for Dlugdale {1578} is in units of ™', since no cell counts
were provided. Units {or the other parameters are the same as

Table 1. Params

from Harrison {197
frem: his Fig. 6

T 014
7.82 Ha
3.2( H
1.13 H
4.38 Har

o oy

b

o

toms fare poorly {e.g. M ). L. polvedrurm is
extremely compeatitis

Our K, vaiues lor NG

for both light and nitrogern.

5. NH,” and urea suggest that
Lingulodinium po}vedrum is capable of competing
with typical coastal phyioplankton such as diatoms.
Those studies which have simullaneously examined
uptake kinetics for urea, NO; and NH;* (Table 5)
demonstrate that ur=a utilization is consistently in the
same range as for NOj; and MH;" in ratural assem-
blages. Our study is no exception, and it is clear that
there is no & priori reason for believing that L. polye-
drum cannot compete (from a physiological perspec-
tive) with other coastal assamblages. nﬁ reported val-
ues are more [n range with previously »ﬁpo rted values
for neritic diatoms and flagellates, with K; (SD) = 1.6
(£0.07) and 1.82 {=0.09) pg-at M1 “Ufor NO; ™ and Nuf
pectively (:pple‘_,f et al. 19691, Our estimatad half-
; t reported
for L. polye f"’] um and are similar to the few values
reported fo.r lli'ures of rnarinu neritic oms (0.4 to
2.0 pg-at N I°5 MceCarthy 1972, Rees Y 1879),
eshwater L_h,_l\JIDDh\”DS (gennmh" 0.2to 1.6 pg-at N 1Y,
tk 1978, the freshwater cyano-
b"ena catenate (0.8 pg-at N Y,

4

Healey 1077, Kirk & Fi
bacterium Pseudoana
Healey 1077) the picoflagellate Micromonas pusilla

0.4 ng-at N 1Y Cochlan & Harrison 1991), and the ner-
itic maring bacierium Deleya venusia {2.8 ug-at N 1,
Jahns 1292). Ir f uc half-s

Langt nts have

& Céceres 1991).
Hayward et al (1995) reported that the Lingulo-
ulation was present in southern

22 pg-at N l‘ Crr\H

dinivm polyedrum po
California coastal wa te s prior to the beginning of the
heavy rainfall and associated runoff begmmng in Jan-
uary 1995. They speculated that the peak biomass
associated with our sampling period in MMarch was
likely triggered by the heavy rains jusl prior to this
time, which, combined with the intense solar heating,
‘caused strong stratification and isolation of the anthro-
pogenic nutrients in the surface waters. Urea is & licely
contaminant in heavily urbanized regions such as our
study site (e.g. Antia et al. 1991) and was found at ele-
vated ambient concentraiions despite the demon-

for uptake by the dominant auto-
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are confident that these data
wstrate that Lingulodinium
exhibits K values tup.La of other coastel species, and
ble of utilizing a broad rangs of
raticns and light fluences. [} is
necessary to mvoke vertical migration acconi-
panied by dark-IN uptake to mest the nutriticnal
demands of this assemblage. This study also demon-
strates that L. polvedrum can readily utilize urea as a
nitrogen source. Although this'is not surprising, it nev-
ertheless remains one of the few studies demonstrating
that dinoflagellates and other red tide organisms make
use of this potenti a.‘ y anthropogenic source of nitro-

MosT P !

polyvedrum

that this speriss is ¢ p
both nitrogen concentr
not

gen for growth,
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Home and garden fertilizers were also excluded from this ruling.)
Canada is the only nation that tests and limits nine toxic metals in
fertilizer. Canada has also taken the position to eliminate dioxins
from posing health hazards to Canadians.

The US Environmental Protection Agency (EPA) actually
encourages the "recycling" of toxic wastes into fertilizers because
it's "economical" and saves industry money. The EPA created the
IMEX program which pairs industries wishing to dispose of their
hazardous wastes with fertilizer companies willing to take it. In
1976, Congress passed The Resource and Recovery Act (RCRA)
which increased storage costs for hazardous wastes five-fold in
twelve years, Industry began using the fertilizer ioophole more to
save money on the high costs of disposal. 1t would cost
companies an extra $100 a ton to dispocse of these materials
properly. Heavy metals in fertilizers from recycled industrial fiue
ash wiped out more than a thousand acres of peanuts in Georgia
with no press attention in the early 90's,

Wastes such as acids, ash, sludge, slags and tailings are cerived
from the steel and mining industries, electronic makers, brass,
Copper, and galvanizing industries as well as the nuclear industry
and end up in fertilizers across the nation. Other contributing
industries include; industrial chemical makers, coating and
engraving services, secondary smelters and refineries, cement
Kilns and gypsum-makers, Every year nearly 600 coal and oil-fired
power plants in this country produce more thann 100 million tons
of wastes. About 25 million tons is sold to be made into cement,
waliboard and fill. The rest is disposed, among other uses, in
agricultural applications.

Industrial wastes may contain concentrated levels of arsenic,
mercury, chromium, cadmium, dioxins and other toxic substances
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that can damage the nervous system and other organs, especially
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up in animals. 90% of human exposure 1 ¢ S
fuu:! we eat. Long-term exposure leads to kidney damage,
‘ 5

in January 2003, studies done by The Environmental Working
Group (EWG), New York's Mt. Sinai Hospital and the Federal

Centers for Disease Control and Prevention found low levels of
and agricui‘tura! chemicals building up in American's
hodies. According to The World Healt th Organization (WHO),
Curreﬂ? Eevess of contaminants are already a threat to peop ple and
i transfer is the primary ! route of h.rm"i exposure to
ts." (1995) Europe and A i

s ~ 1oy ~ 1 a
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uptake in the food supply.
The EPA recently changed a loophole that the steel industry
: P o x e e s
enjoyed sing the KOB1T exemption for reguiatory

nce 1988, called

ar-sight of electric arc furnace dust. This suit was brought or

by the Washington Toxics Coalition and The Sierra Club. This

examption was especially dangerous because it allowed extremely

high |‘:‘V'f"‘§b ~f dioxins to be released into the food supply via

f 1980 The Bevel Amendment exempted mining waste
do
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Some "natural” rock phosphates, sometimes labelled "organic” ar
used in fertilizers and contain very high levels of arsenic, lead and
cadmium (particularly from ldaho.) |

Tests of 2,350 products in 1999 and 2000 showed about two
thirds of them had higher levels of nine toxic chemicals than the
natural level of soil. The nine chemicals are arsenic, cadmium,
copper, lead, mercury, molybdenum, nickel, selenium and zinc. This
means that two-thirds of all fertilizers are adding toxic heavy
metals to topsoil. The Fertilizer Institute (with Hazardous waste
recyclers on their board), and the American Plant Food Control
Officials (AAPFCO) are pre-empting effor_ts to strictly regulate by
providing their own proposals to States and encouraging lax
restrictions. The public has a right to know what's in common
fertilizers. Labelling requirements, testing and listing ALL
ingredisnts is our right under proposition 65 in California.

at least manufacturers, retailers and regulators should disclos

[l
s
sed,

Ideally this "recycling" practice needs to be stopped completely or
i

ALL ingredients on the fertilizer labels including any unadvert
hidden toxic materials. Public health, the long-term welfare of the
top-soil and the food supply are at stake. Ironically, the name of
the State Senator currently sponsoring a bill in the California
Legislature to allow small amounts of hazardous materials on
farmiands is "Aghazarian". |

Please contact me if you are interested in helping publ'icizing this

issue and educating the public on this practice.

Thank you, 5b- F7C » - ot
Sig-Britt Cox pakd
Voice of the Environment b .
415-339-8177
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assing alarm about the
relationship betweer the application ofa common
weed kilier to fond crops and the resuliant
proliferation’ of potentially roxic fungal molds in
the harvest. Monsanto's popular product
Roundup, which contains a chemnical called

glypliosate is lleged to increase the size
of colonies of the fungus Fusarium. Itis a

genus of oftan very toxic molds that ...
oczurs naturally in soii and oceasionally
invades crops. but usualy heid in check
by alher microbes. If true, these allegations
not oaly call into question the world's
number one weed killer, but they also
jeopardize the world’s acceptance of
tonsante's flagship line of genetically-
engineered “Roundup Ready” crops.
“Glyphosate-treated wieal appeared
to have higher levels of Pusarium Head
Blight (2 toxic fungal disease) than wheat
fields where no glyphosate had been
appliad,” said scientist Myriam Fernandez
of the Semiarid Prairie Agricultural Re-
Center in Swift Current,
Saskaichewan in a recent interviaw.
Fernandez added “We have not finished
ing tha four vears of daga yetor
en up ihe study.” While Sernandez’s
recently made headlines throughout Canada,
s not the first to discuss the raiationshi
betweer glyphosate-containing weed kiiier - - -
lations and the enhancement of potentially
ic fungi, but it was the first to repori on the
y of potentially toxic crop damage
caused by the link in wheat and barley, two af
Canada’s most imporiant crops.

. Harvey Giick, head of Monsantc's Scien-
fairs, said, “It anpears to be that Dr.
nandez did a field survey looking at le
sarium and then the factors that might be
ated 5o, from what 1 can gather, thal was nota
cause and effect. It's just that they saw in the
study area some fields that had higher levels of
Fusarium, for whatever reason, and then they
juoked at a list of factors that might be related and
one of them was there was Roundup used in those
fields the previous year.”

Maybe, but, over the last two decades, several
scientists from New Zealand to Africa have
noticed and investigated the glyphosate-fusarium
relationship through small-scale experiments in
‘the relative obscurity of their labs and reporting
the results of their work through the hidden world
of academic journals. The result of all of this work,
is “just under 50 scientific papers,” said Robert
Kremer PhD., a soil scientist at the University of
Misscari. This body of work shows an increase in
Fusarinm or other microbes after the application
of glyphosate.

Monsanto’s Dr. Harvey Glick disagrees.
“Roundup is almost 30 years old and scientists
have bear looking at all aspects of its use for at
lzast that long. So there is a tremendous amount of
information available. And thatis why thars |
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‘Roundup Ke for various crops
including, colton, F Jheal and corn te be

their glyphosate weed killer

used exclusivety
Roundup. “Roundup Ready™ ciops are themselves
unafiected by the Roundup weed killer, ch wiil

kill all competing plants such as weeds in tiie
same area. Because lhey are geneticaliy-engi-

neered, these crops have not found easy accep-

countries cutside tne US, and they
pand Eumpe:

‘oundup

i< that “Glyphosate

n i Lhe roots ared of

tance in man

seins fo stisndate Fusa

the piants,” 1o

ion.”
tonies in the roots of his
reduce the harvest

“second mode af a

enhanced Fusarium
pianis, which could potentially
Yo did not find it in the hary
themseives. Even !
what this accumuiation of Fusarium in the soil
couid lead to,

Dr. Kremer also said, “We didn’t see enhance-
ment of Fusarium when other herbicides were
used.” However, n the case of "Roundup Ready”

“crops, Roundup is to be used exclusively or in
combination with other chemicals as a weed Killer.
Ta use other weed killers alone would be a viola-
tion of Monsantao's contract.

" Thus, if Roundup increases Fusarium levels
then “Roundup Beady” crops that use Roundup as
a weed killer could became potential disasters.
increasing Fusarium levels in the soil to such
critical levels it could produce an epide and
move from field to field thraughout a wide area.

In a recent article titied GM cotlon blamed jor
disease, the Farm Weekly, an Australian publication,
predicted that “up te 90 percent of Austrelia’s
cotton belt could be inundated by the soil borne
pathogen Fusariun: wilt within the next decade”
dize to Roundup Ready cotton.

Fusarium contamination of cereals, such as
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display various colors, often ranging from arangs
to salmon-colored, and it has 2 varying appearance
on different cereals and at different stages
of its life cycie. On wheal and rye it can
appear as & chalky white color. On bariey it
can appearasa black rust. On oats it can be
black and reddish-orange colarad. Small
amounts of contamination of grains are
invisible to the human eye, and chemical
tests ave (o be done to detect it Since such
tests are al the expense of the farmer, -
minute amounts continually enter comm
cial food products. ltis at the higher fevels
that it can become a serious problem.
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The Andean nations, including Colombia
itwas to sed in the drug war st
Hivation) bannad its use througihout the
; anho Tree, the director of the Ingiitut
Policy Studies Drug Policy Project, commentad
about using a chemical that produces a bannec ‘
micro-nrganism:

“The U.5. has supplied tens of thousands of
ealions Roundup to the Colombian government for
in acrial fumigation of coca crops. Wz have
been using a fleet of crop dusters to dump unprec-
edented amounts of high-potency glyphosats aver
hundreds of thousands of acres in one of the most
delicate and bio-diverse ecosystems in the world.
This futile effort has done litlle to reduce the
availability of cocaine on our streets, but now we
are learning that a possible sidz eifect of this
campaign could be the urleashing of 2 Fusarium
epidemic in Amazon basin. The drug war nas tried
in vain to keep cocaine out of people’s noses, but
could result instead in scorching the lungs of the
earth.”

ecause of the glyphosate-Fusarium link,
Canada’s National Farmers Union is already
opposing the introduction of genetically-angi-
neered “Roundup Ready” wheat. This issue shows
no signs of going away. Time will only tel
hionsanto will bz abie to fix the probiams
“Roundu

ot
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greater importance of focal cuisine in culture while  would take 16 years for a ficld to recover from onc most u-‘-\'«;papcm inthe UK T al days runnt
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tried under Draconian terrorist statutes with extremely (Excerpred)Sydney Marning Herald, Oct. 30, 2003 optation thr"ug'n deceit of a Iqrgc segment of the
limited judicial latitude, the Greenpeace prolestors A former Pentagon officer turned whistieblower  Cougress”, adding that “in order to ke that first
were tried on simple criminal grounds and aljowed to says a group of hawks in the Bush l\dmlmstratmn step - Iraq - {ies had 1o be told to Congress to bring
make their broader cass to a jury. They were ali including the Vice-President, Dick Cheney, them on boara”. M3 Kwiatkowski said the-pursuit
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This past month, the first results of the administration national secirity scandal} iook like  shared conunan idf(zlns:cal ties ;
unprecedented 273 field trisls were published in the “amateut hour. .. it's worse than lrun-Cont.ra. worse In z}separat& mLerVIe\v: Chﬂhn:_rquhnson. an
prastigious journal Science. The crops tested were than what happened in Vietnam," said Karen authgr.xty on Us poliey, .‘S(HL? ti:\at the
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Intzrestingly, the corn tested was not the Undérsscretary of Defence for Po icy, eaded by about assarting its power.
v marksted by Moensanto that has been Douglas Feith. She described “3 subversion of Source: www.lruthost.com






