Loy on Yoy Wrors oF phy toplaakion )

| fom

| “‘.A.\\N\ﬁl\ ~.Qm\’w"\{g\}év\m\- LASE e \T'\ _:




‘Twiss, Auclair and Chariton

Limitation by iron of phytoplanktor; from the open waters of Lake Erie

Michael R. Twiss® , Jean-Christian Auclair* & Murray Charlton®

*INRS-Eau, Université du Québec, CP 7500, Ste-Foy, QC, GIV 4C7, Canada

—Canada-Centre-for ntamt-Waters, P.O. Box 5050, 867 lakeshore Rd.,Burlington, ON

Nation o Watkor o5 porsis’ Ty oo ¥ o b
L7R 4A6 FeTele 5““”:61/\-\.1«»4‘ la wé‘

'Current address: Department of Maririe Chemistry and Geochemistry, Woods Hole

Oceanographic Institution, Woods Hole, MA, 02543-1543, USA.

“Corresponding author. .



Title:

Authors:

Management Perspective

Limitation by iron of phytoplankton from the open waters of lake
Erie ,

M. R. Twiss', J. C. Auclair', and M. N. Chariton®
1 INRS-Eau, Université du Qébec, 2 National Water Research
Institute, Environment Canada.

NWRI Publication # (3 - {24 | \,

Citation:
EC Priority/lssue:

Current Status:

Next Steps:

Conserving Canada’s Ecosystems. Great Lakes 2000. Lake Erie
LaMP '

Experiments in Lake Erie during 1996 indicated that algae growth
was limited by iron availability. This is important because the
algae are usually thought to be limited by phosphorus. The
phosphorus limitation phenomenon is so well accepted that fishing
interests are beginning to suggest that waning fish production is a
sign that phosphorus controls under the Great Lakes Water Quality
Agreement went too far. LaMP co-ordinator has been notified.

The work results from a partnership between M. Charlton (NWRI)-
and the authors from U du Qébec.

Publish manuscript. Strengthen partnership with participation of
University of Waterloo scientists in 1997 who will be conducting P
limitation studies at the same time as INRS will be conducting more
iron limitation studies during NWRI (Charlton) research missions
on Lake Erie. Recommend to LaMP on importance of new
information.

o

(-




Twiss, Auclair and Charlton



Twiss, Auclair and Charlton 3

Historically, Lake Erie has been subjected to heavy pollution stresses, primarily due to
sewage and industrial effluents. However, recent measurements of low concentrations of
trace metals in Lake Erie surface waters suggest that phytoplankton productivity may be
limited by the bioavailability of essential trace elements. We report here experimental

evidence of iron limitation in a summer Lake Erie phytoplankton community.

Research activities in regions of the world’s oceans, containing high levels of
macronutrients yet low chlorophyll concéntration, have demonstrated that phytoplankton
| biomass is limited in these ar?.as by Fe bioavailability (.1). No comparable studies have
been conducted in fresh waters, due mainly to the perception of ample trace metal levels in
fresh waters. However, the recent use of rigorous trace metal clean protocols for sample
collection and processing has radically changed the view of trace metal levels in the
surface waters of the lower Laurentian Great Lakes, lakes Erie and Ontario (2).
Paradoxically, the pelagic surface waters of these lakes have remarkably low

concentrations of dissolved trace metals during the summer (2, 3) despite their proximity

to land and anthropogenic sources of these metals. TSy s o

Low concentrations of trace metals in the surface waters of the Great Lakes are
attributed to strong thermal stratification of the watef column, which isolates pelagic
surface waters from input of trace metals from the underlying hypolimnion and sediments
(4). Scavenging, the sorption of trace metals from the aqueous phase by sedimentable
particles, is considered to be the main mechanism responsible for the low levels of particle

reactive trace elements in these (3, 5) and other large lakes (6).
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Scavenging of essential trace metals may reduce the levels of these metals required .
for optimal phytoplankton growth in the Great Lakes. For example, the correlation
between concentrations of dissolved Zn and Cd in Lake 'Erie surface water when Zn
céncentrations are low suggests that biota are utilizing Cd to substitute for the trace
nutrient Zn (3), as demonstrated in culture studies of marine phytoplankton (7).

Water quality data suggest that phytoplankton biomass is related to -irtm bioavailabilitj

We combined data sets on dissolved iron concentrations and total chlorophyll-a for
mid-season period of thermal stratification (Table 1). Low levels of bxoavallable iron,

Fe are posmvely correlated with low levels of chlorophyll-a in the pelagic surface

waters of Lake Erie during summer months (r = 0.67, P <0. 01) In fact, most of the

e

dissolved iron is complexed to dlssolved orgamc matter (>99% cf. Table 1) and the
calculated free-ion concentrations are within the range known to cause iron limitation in
cyanobacteria (8) and microalgae (9). .Suclt a relationship may not be directly and solely
due to iron bioavailability since other factors such as macrotxut_riem N, P) bioavéilability
and predation by zooplankton will affect phytoplankton abundancg. However, in lake Erie
nitrogén COncénUaﬁons are in large éxcess in relation to planktonic requirements and
orthophosphate (SRP; cf. table 1) appears to be under-utilized compared to other nutrient
enriched lakes (70).

We determined if phytoplankton growth in the pelagic surface water of Lake Erie
during thermal stratification is limited by the availability of dissolved essential trace metals.

Trace metal clean protocols were used to test the hypothesis of Fe and Zn limitation in
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autotrophic members of the picoplankton (0.4-2 pm) and nanoplankton (2-20 pm)

sampled from eastern Lake Erie (sée Fig. 1 caption).

Change in chlorophyll-a (chi-a) concentration was used to follow the effect of trace |

metal enrichment on phytoplankton biomass (11), and *CO, uptake by phytoplankton was
used to measure the photosynthetic efficiency of the chl-a (12). If Zn availability limits
carbonic anhydrase activity in phytoplankton then the addition of Zn will allow more C to
be fixed per unit of chl-a with respect to the control treatment, to which no Zn was added.
Similarly, if phytoplankton growth is limited by the availability of Fe then photosynthesis
will also be limited by reason of reduced chl-a production and a reduction in the levels of
_cytochromes and complementary proteins such as ferredoxin that are intimately involved
with photosynthesis (13).

The profound stimulation of i:hytoplankton following the experimental addition of
inorganic iron to sampled surface water strongly supports the hypoth&sié of an iron-ﬁnﬁtéd
phytoplankton population in Lake Erie during summer stratification. Phytoplankton

e =
biomass in the picoplankton (0.4-2 um) and nanoplankton (2-20 jim) size fractions

increased following the addition of\ the iron, relative to the control treatment (Fig. 1A-B).
For example, biomass increased in the low iron treatment by 182% and 30% in the
picoplankton and nanoplankton, respectively.

The photosynthetic efficiency of the picoplanltton in the iron treatments increased
dramatic‘aﬂy within the first 24 h and returned to control levels within 3“d (Fig. 1C),
whereas there was little change in the photosynthetic efficiency of the nanoplankton in the

same treatments (Fig. 1D) over the 3 d incubation. The results suggest that the increased
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photosynthetic capacity of the picoplankton caused by the addition of iron was rapidly
translated into picoplankton biomass.

Since the specific growth rates (mean + s.d.; d™") of the picoplankton (0.61 + 0.42)
and nanoplankton (0.43 + 0.26) are similarund_erfhese conditions (14), it is possible that
the nanoplankton required less iron than the picoplankton. Lower iron requirements may
be due to a lower physiological requirements by eukaryotic phytoplankton (15) and the
accumulation of iron from picoplankton grazed by mixotrophic organisms in the
nanoplankton size class, as demonstrated for the trophic transfer (picoplankton -
nanoplankton) of ®Zn and '*°Cd in Lake Erie (16) and **Fe in the Equatorial Pacific (17).

However, the rapid rESponse of the picoplankton, of which cyaﬁobacteﬁa are 2
significant component, to the iron addition is consistent with the enhancement of cellular
uptaké mechanisms in cyanobacteria due to iron limitation. The chemistry of iron in
pelagic Lake Erie surface waters suggests that much of this element is not biologically
available, primarily due/tmcomplexauon by organic ligands (Table 1). Indeed, the values
for Fe** availability @Fe 20.5 to 21.9) estunated by us for these surface waters indicates a
status of i 1ron-hnutat1;;vn:/cyanobactena which corresponds to the induction of high-
affinity Fe transport systems (8, 18). Siderophore production is proposed as an ecological
strategy wherein cyanobacteria can suppress the growth of other phytoplankton (19).
Althohgh some eukaryotic marine phytoplankton can préduce siderophores (20), the data
from our experiment are consistent with siderophore production and utilization by
cyanobacteria in tha_t iron accumulation by the nanoplankton may have been prevented by
the formation of ferrisiderophores complexes available for uptake only by the

cyanobacteria. If this was indeed the case, then the ambient level of siderophores in the
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. sampled Lake Erie surface water was able to effectively complex Fe** following the
addition of iron in these treatments, thus allowing the marked shOrt-tém response of the
picoplankton to the iron addition (cf. Fig. 1A, 1C). A similar response by picoplankton
was observed following an in sifu iron enrichment in the equatorial Pacific ocean (21, 22).

In contrast to the effect of Fe additions, changes in phytoplanktbn biomass and

| photosynthetic efficiency were not significantly different from controls in low (0.05 nM)
and high (0.5 nM) added zinc treatments (data not shown). Hence, there is no evidence of
a Zyp-limited phytoplankton community in the surface waters of Lake Erie at the time of
this sampling.

This is the first direct demonstration of trace metal limitation of phytoplankton in the
Great Lakes. An earlier study in Lake Huron showed that the addition of chglated iron,
FeEDTA (iron ethylenediaminetetraacetic acid), to surface water collected during summer
months causes a significant increase in phytoplanlddn (23). This earlier study is, however,
compromised by the lack of a trace metal clean protocol for collecting and manipulating
water samples. It is now widely accepted that 'ri'gorous' attention to trace metal hygiene is
a critical component of protocols designed to manipulate natural water samples for
studying phytoplankton interactions with trace metals (24). Moreover, the use of iron
chelated by a synthetic organic ligand (EDTA) might result, through displacement, in the
complexation of toxic trace metals rendering experiment interpretation difficult.

Efficient scavenging of trace elements by plankton maintains very low
concentrations of dissolved trace metals, despite high fluxes in this area (25). Similar
limitations of phytoplankton may exist for other trace elements, or ratios thereof; in this

and other Great Lakes. The implications for fisheries management and water quality
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.;Table 1. Chlorophy]l—a in Lake Ene surface waters in relatlon to calculated free ion concentratlons of Fe Aqueous Fe speclatlon L

 was determmed usmg a computenzed chenucal speclatnon model (\deermere Humlc Aqueous Model—Waters Versmn 1.0; 26)

Calculatnons were. based on: reported major 1on concentratlons?m the epthmon of Lake Ene durmg summer (27), chssolved

vThe concentrat:‘f dlssolved orgamc cgbo @ latxvely

,constant throughout Lake Erie surface waters (3 2 :i: 0 5 mg L"l ,mean £8. d ) durmg summer months (July 1994 and August 1995 S

‘L’Itahen, pers..comm.), and we have assumed sthat hurmc and fulvw aclds compnse 50% of the dlssolved orgamc carbon (29)
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'addltlon of rron Values are mean £ sd. n= 2 Water was collected from a depth of 5 m

at statton no. 23 (42"30’26 N 79°S3 547 E) m the pelagxc eastern basm of Lake Ene at

’sL W,

water ﬁ'om three casts was screened through a 20 um ﬁlter pooled m a polycarbonate

VAR

carboy, and dlspensed under pressure from pre-ﬁltered (<0.2 um) pre-punﬁed Nz mto 2-L

polycarbonate bottles Iron, ﬁ'om freshly prepared stock solunons (0 72 mM FeClz in
delomzed water), was added to bottles . grve low (20 nM) and hlgh (200 nM) treatments
Treatments were conducted in duphcate Two bottles recelved no trace metal addmons
and thus served as controls Bottles were mcubated in an envnonmental chamber under
srmulated in s1tu condltlons 20°C lxght was provrded by ﬂuorescent tubes ( 190 pmol
photons m sec on a 12h 12h hght dark cycle) At approxlmately 24 h mtervals samples
of water from the bottles were removed for measurements of photosynthesxs and the

deterrmnatlon of size ﬁ'actlonated chlorophyll-a concentratlons and 14C uptake
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