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Abstract. Biogenic productivity of Lake Tanganyika is ularly sensitive to climate changes (Cohen et al., 2000; Plis-
highly dependent on seasonal upwellings of cold, oxygen-ier et al., 2000). The climate in the lake area is semi-humid
depleted, nutrient-rich deep waters. We investigated thewith a main rainy season from October to April. During the
shell of freshwater bivalv®leiodon spekiias a geochemi- dry season from May to September, the Southeast African
cal archive of these periodic hydrological changes tuned bymonsoon pushes oxic surface waters to the North causing
the monsoon regime. The results of a three-year-long lim-seasonal upwellings of cold, oxygen-depleted, nutrient-rich
nological and geochemical survey of the coastal waters perdeep waters at the Lake south end (Coulter, 1991; Plisnier,
formed on the dissolved and particulate fractions were com-1999). A recent warming trend enhanced the density gradi-
pared to LA-ICP-MS profiles of Mn in five aragonitic shells ent that slowed this vertical mixing and reduced primary pro-
from the same lake location. Three shells present very simduction (O’Reilly et al., 2003; Verburg et al., 2003; Alleman
ilar Mn/Ca profiles dominated by a peak that matched theet al., 2005), probably impacting pelagic fisheries (Hecky et
concomitant increase of Mn and chlorophylih surface wa-  al., 1981). Recent efforts to model these climatic effects on
ters during the 2002 upwelling, while a shell collected dur- lake hydrology (Naithani et al., 2003) were limited by our
ing 2003 dry season detect both 2002 and 2003 upwellindack of pre-instrumental data. The present contribution aims
events. Larger shells showing an extremely reduced growtho investigate how past hydrological information may be ex-
display more than 8 Mn/Ca peaks suggesting at least an 8racted from Tanganyika bivalves’ shells.

year-record of seasonal changes in water composition. We
postulate that Mn/Ca in shells record the conjunction of an
increase of biological activity with supplied of dissolved Mn

and nutriments in coastal waters, resulting in an enhanced a¥valuate paleoenvironmental conditions as its precipitation

similation of b|ogen|g Mnf—?ch pag;clgs. By comblr:jmﬁ the may record chemistry of the environment. Bivalves produce
most re_cent genergtlon otlasera at|on.system an the POV o5 of exceptional potential for daily to annual reconstruc-
erful High Resolution ICP-MS, the spatial resolution could

be i dd 0 5t ter si d end _~ tion of water chemistry and temperature. Manganese concen-
e improved down to 5 to 16m crater size and end up in trations in temperate freshwater shells offer a robust record

a bekttersconhstram of the LeIBatlve \If_if”at'olr_lsk()f :[rhe annu_ill Mnot dissolved Mn concentrations (Mpin water (Lindh et al.,
peaks. such an approach Brspekiirom Lake 1anganyika 1 ggg. jeffree et al., 1995). In Lake Tanganyika, seasonal up-

has definitively a great potential to provide recent and pasbvellings were expected to supply surface waters with a large

repords on primary productivity associated with the monsoon, .. nt of (Mn), which might be recorded in the coastal
climate system.

living bivalves. To test and calibrate potential seasonal Mn
incorporations in bivalve shells a 3-year limnological survey
of lake waters was compared to high-resolution Mn/Ca pro-
1 Introduction files performed by laser ablation ICP-MS from five arago-
nitic shells ofPleiodon (Cameronia) spekiBivalvia, Mutel-

Lake Tanganyika (Fig. 1) is thermally and chemically strati- idae) collected alive at the southern tip of Lake Tanganyika.

fied (Craig, 1974; Plisnier, 1999; Branchu, 2001), and partic-1he species is endemic to the lake Tanganyika and partic-
ularly suitable both for its wide distribution on the actual

Correspondence tdD. Langlet near-shore environments and archaeological and geological
(dlanglet@africamuseum.be) settings (Van Damme, D., personal communication).

Accretionary biogenic carbonate has been widely used to
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Fig. 2. Pleiodon spekii Shell length (mm) as a function of single
valve weight (g). Specimens analyzed: gray lozenge: V10; gray
triangle: V72; black triangle: V-E; black circle: V61; black square:
V22.

pelagic waters
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ZAMBIA Mpulungu

0 T > more than 5 years. The whole shell is aragonitic as evidenced
Longitude (°E) by X-ray diffractometry on powder samples (XRD). Polished
sections of the shell (400m thick) were achieved in the an-

Fig. 1. Location of the study area and sampling sites in the Southterlor part (Fig. 1).

of the Lake Tanganyika, where an upwelling occurs seasonally. The Growth pattern oP. spekiwas expected to be determined

lake houses many endemic species such as bivBleésdon spekii by repeated size measurements of tagged specimens over the

(inset). Skeletal Mn profiles were done along radial sections in thetwo-year survey. However, it remains imprecise because of

anterior part of the shell (white doted line) which is preserved from the extremely sluggish growth of the specimens collected.

biocorrosion. Except for one specimen, the shell length increases over
an 8-month interval between two visiting missions was not
large enough compared to the precision of the measurement

2 Materials and methods (caliper). Since we did not find juveniles and because nei-
ther biological nor ecological study do exist, we were unable
2.1 Study site and shell collection so far to submit a reference growth curve for this species.

However since ageing is accompanied with a strong thick-
Living P. spekiiwere hand-picked at a depth of 5m on the ening of shells, we could give a relative age by using the
Mbita Island’s shore (85.226S 3105.148E see Fig. 1) length/weight curve (Fig. 2) (the 3 individuals V10, V72 and
near Mpulungu (Zambia) where they were separated fromV-E are younger than V61 and V34). Only shell V10 dis-
the pelagic zone by a rocky outcrop. In July 2002, 37 liv- played a significant length increase (7.6 mm/8 month) that
ing specimens were collected, measured for shell length, lacould be used for dating the chemical profile. The tempo-
belled with “bee tags” and put back into the sandy shore. Fiveral framework in which geochemical profiles could be inter-
shells, were collected: V10, V72 and V22 in March 2003; preted was only deduced from one shell measurements (V10)
V-E and V61 in July 2003 and February 2004 respectively.and the analogy between Mn/Ca variations in shells and in
Only two studies have dealt witR spekii(Pain and Wood-  water. Laser data are given as a function of the distance from
ward, 1964; Kondo, 1986): ecology, life span and growth the ventral margin.
patterns are mostly unknown. We mainly found groups
of large adults specimens (80 mitength<180 mm) partly 2.2 Staining experiment
stuck in sediments from 2 to 20 m depth, but we did not ob-
served juveniles (six empty shells80 mm) suggesting that As growth patterns remain unknown, a staining experiment
they may have an infaunal mode of life to avoid biocorrosion with manganese chloride (Mn&14H,0) was attempted in
and predation. The posterior end, where the siphons are sitwerder to create a luminescent line that would constitute a
ated, undergoes an active biocorrosion whereas the rest of thdear temporal mark in the shell. In July 2002, 13 indi-
shell is protected by the sediment. Large specimens taggediduals were put in a bath in which manganese chloride
in 2001 were found alive in 2006, indicating a life span of (MnCly, 4H,0) was added at 25 ppm (Mh). Because of
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local constrains, the staining time was limited to 12 hours.polycarbonate membranes) and acidified (bi-distilled HNO
Shells were put back to the site for 8 months. In March 20032%). Filtered water and the related dried filters were stored
all specimens were retrieved and we carried out a seconéh deep freezers in Mpulungu, Department of Fisheries, be-
experiment. Ten days after, five specimens (including shelffore being transported to Belgium for analysis. Dissolved
VV10) were sacrificed and shells sections were prepared foMn (Mn,) along with dissolved Al and Ca were analyzed
analysis by cathodoluminescence (CL) (Langlet et al., 2006)in filtered waters (0.4am) by HR-ICP-MS (Finnigan EL-
Pleiodonshells presented contrasts of CL with in general EMENT2) using In and Bi as internal standards. Detec-
high CL intensity in older parts of the shells that could in- tion limit (30 of the blank values) for Al, Ca and Mn was
dicate an ontogenic increase of Mn with age. No lumines-18.5 nmol/L, 0.15:mol/L and 1.24 nmol/L respectively. Par-
cent line attributed to our staining experiment was observedticles were digested with HCI/HN§HF (3/2/1 vol.) at 99C
Three factors could have combined their effects to bias thdén sealed Teflon beakers. After evaporation to dryness, the
staining procedure. (1) The individuals may have failed toresidue was dissolved in 12mL of 0.1% HlGuprapur
grow new shell layers during the staining experiment, due toand the solution analyzed for Al, Ca and Mn by ICP-AES
stress or sluggish growth. (2) Mn should have been incorpo{Thermo Optek Iris Advantage) using Y and Au as internal
rated in growth layers but the resulting low CL intensity (low standards. Detection limit 3 for Al, Ca and Mn are 19.8,
concentrations and/or to thin lines) might be under the detec4.1 and 0.Jumol/L respectively. The data set concerning the
tion limit of the technique used (i.e. “cold-cathode”). (3) An- particulate fraction of lake surface water extends from Febru-
other factor could be metabolic. A staining time longer thanary 2002 to December 2003. The |Beries extends from
12h in elevated concentrations of Mn might be required toMarch 2003 to October 2004 (missing points between De-
mark Pleiodonshells. Indeed, a lag phase and equilibrationcember 2003 and March 2004). Only few Mdata were
period up to several days was reported for the freshwater biavailable for the year 2002 due to storage problems in Mpu-
valveHyridella depressawhich was experimentally exposed lungu. Afterwards, the monitoring of both dissolved and par-
to elevated water concentrations of #n(20 ppm) for 2 to ticulate fraction was successful between March and Decem-
6 days (Jeffree et al., 1995). In freshwater bivalves the exber 2003.
trapallial fluid is isolated from the external medium, and a
substantial regulation of the trace metal transport would lead In shells, high-resolution (50m spots; 25um intervals)
to reduce efficiency of the Mn-marking compared to marine Mn/Ca determination was carried out on a laser-ablation in-
bivalves (Hawkes et al., 1996; Langlet et al., 2006). In theductively coupled plasma-mass spectrometer (LA-ICP-MS,
specific case oP. spekiithe regulation should be high, Mn PQ2+, laser 266 nm; operating conditions in Lazareth et al.,
being sequestrated in soft tissues at very high concentrationd003). Data were calibrated using both the NIST 610 (val-
(654419.g71, dry weight) compared to the shell (Chale, ues from Pearce et al., 1997) and a carbonate reference ma-
2002). For instance, concentrationsRnspekiitissues are terial USGS MACS1 (values from S. Wilson, USGS, un-
two orders of magnitude higher than those reported for thePublished data) following Toland et al. (2000) procedure.
mangrove oyste€rassostrea rhizophoret61.g.g~%, dw) The laser was shot in the middle nacreous layer spanning
known for its strong Mn accumulation pattern (Silva et al., about 2cm, from the edge (newly formed carbonates) to the
2006). An injection method directly in the pallial cavity or umbo (Fig. 4a). Toward the umbo, the growth layers be-
better in the extrapallial fluid cavity may be more efficient to come thinner and flatter. Sampling these old parts would
mark the shell, reducing the time for an active sequestratiodead to a bias by integrating multiple growth layers repre-
of Mn in soft tissues before being released in the mineraliza-senting a longer period of calcification. Constant value of

tion fluid (extrapallial fluid). CaCGQ (99%) in weight was assumed over the whole shell
section analyzed, as the analysis of the organic matrix on
2.3 Analytical procedure bulk samples of the shell V72 did not exceed 1.1-1.2 dry

wt % (F. Marin, personal communication). The LA-ICP-

Water temperatures were measured biweekly using a SeabifdlS detection limit for Mn is 8.75ppm (3 and the an-
CTD probe at the pelagic site down to 100 m and at the bi-alytical reproducibility is 1.4% (@y) (reference material
valve site below the surface (1 m depth). The pelagic temperMACS1, n=120; mean value 0.20 mmol/mol Mn/Ca; recom-
ature record covers the entire period from 29 January 2002 tenended value 0.22 mmol/mol). LA-ICP-MS data obtained
30 December 2005 whereas the coastal temperature recofdr shell V10 were validated with solution HR-ICP-MS anal-
extends from 29 January 2002 to 5 April 2004. Data onysis (Fig. 4b). These analyses were completed on pow-
chlorophyll a from the biweekly monitoring (bivalve site) der samples+{100.g dissolved in 2% HN@solution) per-
were provided by the CLIMLAKE project. Details proce- formed along the LA-ICP-MS profile using a 3p@n drill
dure for pigment extraction and analysis are found in Descybit fixed to a computer controlled micro positioning device
et al. (2000). (Merchantek MicroMiIITM). Carbonates samples were dis-

Pelagic and coastal waters for geochemical analysis wersolved in 1 ml 2% HN@ solution containing 1 ppb of In and
collected biweekly using Hydrobios bottles, filtered (2 Bi, which were used as internal standards. A mineralized
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198 D. Langlet et al.: Upwellings recorded in Lake Tanganyika mussels

tensity of the upwelling event, occurred on 25 June 2002, on
15 July 2003 and on 13 July 2004 in coastal waters (Fig. 3c),
according to the pelagic record (Fig. 3d).

In the particulate fraction{0.4,.:m), Mn, displayed large
variations (1 to 12 nmol/L) during the dry season 2002 and
2003, but slight increases also occurred during the rainy sea-
o Lo son (October 2002 to April 2003) (concentration data not
b shown: see Mn/Al) simultaneously with a marked increase of

Al (gray line; Fig. 3a). This suggests a clear detrital deriva-
tion of Mn in particles during the rainy season. To correct this
detrital inputs, Mr, contents were normalized to Al contents
as (Mn/Al), ratios (Fig. 3a). A strong increase of (Mn/Al)
occurred during the dry season (July to September 2002 and
&) 2003) and is characterized by two peaks in 2002 and several
peaks in 2003.
In the dissolved fraction of coastal surface waters, there is

912/p3

9/3/02

(Mn / Al), (mol/mol)
6/1/04
(Mn / Ca), (mmol/mol)

(A1), (umolL)

Chlorophyll a (pg/L)

Water T°(C) - coastal

2 oo g o o 3

é s pe § o . B "Ei & a clear seasonal contrast of Mwith a sustained increase

=" Y ® during the dry season 2003 and 2004. To be consistent

5 ‘ : “ with shell data (given as Mn/Ca ratios), the results of dis-
SEEEEHEE “ solved fraction analysis are given as (Mn/ga)olar ratios
AR (Fig. 3a). Ratio values rose from 0.01 to 0.08 in July 2003

and 0.14 in September 2003, and from 0.02 to 0.14 in June
2004 and 0.19 in July 2004. As for (Mn/A)) dissolved Mn

typically displayed a bimodal peak pattern. The second peak
is more intense than the first one although it was not con-
10 cordant with the most pronounced water-cooling. In the dis-

TUAMIJASONDS FMAMIJASONDIEMANSIASOND solved fraction, both peaks are delayed by about 1.5 month.

Depth (m)
Water T°(C) - pelagic

Fig. 3. Results of the 3-year monitoring. Biweekly monitoring at 3.2  Shell chemistry

the bivalves site (cf. Fig. 1)(a) Water geochemistry: (A)) con-

centrations (gray linegmol/L) and (Mn/Al), ratio (black squares) ~ The growth lines, that are clearly visible under the micro-
in the particulate fraction and (Mn/Cajatios in the dissolved frac-  scope, allowed a precise fitting of the laser profile (LA-ICP-
tion (open diamonds)b) Chlorophylla (1g/L); (c) bottom water ~ MS analysis) to the MicroMill profile (SN-HR-ICPMS anal-
temperatures®C). Rainfalls (mm) data were provided by the De- ysijs) (Fig. 4a). A strong correspondence exists between both
partment of Fisheries, Mpulungu. Pelagic statigd) water tem-  profiles (Fig. 4b; #=0.75) considering that each drill sample
perature from Om to 100n?C). The seasonality of the thermal o asents a mean value of about five laser shots. All Mi-
structure is well observed. During the rainy seasons (from OCto'croMiII analysis but one fit the laser profile. This probably

ber to April) a thermal stratification occurs. In contrast, a marked esults from the presence of a small Mn-rich impurity. which
surface cooling takes place during the dry season in July—Augus[ P purtty,

(2002), June—September (2003) and May—September 2004. was not sampled at the higher spatial resolution performed by
the laser ablation. This demonstrates that LA-ICP-MS mea-

surements are robust and relevant as quantitative estimates of

natural carbonate (international standard CCH-1) was use&1€ Skeleton Mn concentrations.
as an external standard. The Mn analytical reproducibility is Skeletal Mn/Ca profiles are similar for shells V10, V72

3.28% (&) (n=16; reference material CCH1, values from and V-E (Fig. 4). All older parts of these 3 shells display
Govindaraju, 1994). similar dissymmetric Mn/Ca peaks with maximum values

at 0.47, 0.37 and 0.52 respectively, followed by decreasing
trends until the collection dates for V10 and V72. At this

3 Results time, the Mn/Ca ratio are in the range of those measured
before the main peak (0.1). Surimposed to this trend, the
3.1 Water monitoring skeletal Mn/Ca displays a succession of small and short in-

creases, with maximum values not exceeding 0.2. Shell V-E,
The biweekly monitoring of temperature at the bivalve site collected in July 2003 during the following dry season dis-
(Fig. 3c) shows the succession of warm rainy seasons (Octoplayed a second Mn peak (0.69 ppm). According to the shell
ber to April) and cold dry seasons (April to September). Themeasurements, the peak measured on shell V10 extended on
most pronounced surface cooling that signs the maximum in3 weeks with a peak at the end of June 2002. The larger shells
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Shell V10

Table 1. Pleiodon spekii Relative variations of the last eight o main Mn peak raizzd;irl;::me
(Mn/Ca)pel peaks (i.e. ratio between maximum value and the low-

est value preceding each peak) from the ventral margin to the umbo
on shell V61 and V22 (Fig. 5). A year was attributed to each peak
based on the hypothesis of an annual Mn cycle in shell.

............. e p— Mn/Ca (mmol/mol)
i

MPU-V10

L =108 mm
shell V61 shell V22 % of variation b June 0
peak #1 (2002)  2.41 2.37 2% T o
peak #2 (2001) 3.36 3.33 1% o Collcton
peak #3 (2000) 1.63 1.53 6% L
peak #4 (1999) 1.66 1.59 4% a
peak #5 (1998) 2.6 1.79 31% E—
peak #6 (1997) 1.45 1.14 21% WPU-V72
peak #7 (1996) 2.08 2.21 6%
peak #8 (1995) 2.5 2.28 9% c
Collection | **
V61 and V22 (Fig. 5) showed an extremely reduced growth 00
during the length of our survey. In the most recent part of MPU-E *
these shells, eight Mn/Ca peaks are similar in shape for both
specimens although the ratios values are very different. The
relative variations of content (i.e. the ratio between the low- d 04
est and the largest value of each peak) are quite similar in
the last 8 Mn cycles (Table 1). Most of these peaks are dis-
symmetric and therefore turn out to be very similar to those 00
described for shells V10, V72 and V-E. Mn variations in V34 Older Growth P Younger

are superposed to a gradual increase through ontogeny from

low values close to 0.1 in the older parts of the shell to highFig. 4. Pleiodon spekii (a) Shell section showing the sampling

values close to 0.8 in the most recent layers. profiles in the middle nacreous layer. Microdrill and laser pits
are 30Qum and 5Qum in diameter respectively(b) LA-ICP-MS
(black squares) and SN-HR-ICP-MS (Mn/Ggy, profiles on V10

4 Discussion (circles). For this specimen, the peak of (Mn/gmgy) is dated

to June—July 2002 from shell measuremenfs, d) LA-ICP-MS
p- (Mn/Ca)sne| profiles reported for 2 other individuals. Scale bar:

4.1 Precipitation and dissolution of Mn supplied by the u
1 mm. L: length of the shell (mm).

welling

The sustained increase of Mn in the dissolved fraction (ex-
pressed as Mn/Ca in water) as well as the non-detrital fracmonsoon winds stop (October), the thermocline oscillates
tion of particulate Mn (increase of Mn/Al ratio) occurred between S and N (October to April), conveying higher up
with the marked surface cooling. This supports the ideanutrient-rich water and probably Mn-rich particles that were
that large amounts of reduced Rfnare seasonally upwelled sedimenting in the water column throughout the lake. More-
from deep anoxic layers becoming available for biologi- over, although reduced Mh is not thermodynamically sta-
cal assimilation by phytoplankton and filter-feeders bivalves.ble in oxic conditions, a lag time is very likely between its
The timely supply of MA™ by the anoxic upwelled waters supply from deep layers and its precipitation in surface lay-
and its subsequent oxidation in high pH (8.4 to 9.2) surfaceers because at least six biogeochemical processes could dis-
waters could explain the rise of (Mn/Af)in the epilimnion.  turb Mn precipitation and dissolution. (1) High sunlight in-
The general pattern for (Mn/Gapr (Mn/Al) , however con-  tensity on lake Tanganyika should affect directly the3¥in
sists in two peaks, the second one being more intense akoncentration in the surface water by photo-inhibiting the
though occurring after the most pronounced water coolingmanganese oxidizing micro-organisms (Sunda and Hunts-
(Fig. 3a). man, 1990). (2) Sunlight has also been shown to exert a
The occurrence of a second peak might result from pestimulatory effect on the reductive dissolution of Mn nat-
riodic internal waves that favor pulsed transport through theural oxides produced by the microbial activity in seawater
thermocline, beside the seasonality and inter-annual variabil{Sunda and Huntsman, 1994). (3) The increase of primary
ity (Plisnier et al., 2001; Naithani et al., 2003). When the production during the dry season should increase the activity
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of heterotrophic bacteria that catalyze the reduction of Mn- In freshwater bivalves, a well-developed periostracum
oxides (non soluble Mn&or Mn(OH)) as a source of oxy- closes the extrapallial cavity and isolates the mineralization
gen for decaying the organic matter (Souchu et al., 1998)fluid from the external medium. Mantle secretions mostly
These conditions favor the reduction and the dissolution ofcontribute to the chemical composition of this fluid (Wada
the Mn-oxides or MAt bounded to biological debris. (4) and Fujinuki, 1976; Wheeler, 1992). The Mn transported
By contrast, an increase of biological activity concomitant through the tissues and incorporated in shells could derive
with a supply of Mry in surface waters likely enhances the from dissolved (reduced M forms) or particulate sources
production of Mn-rich particles, while green algae can effi- (inorganic and biogenic particles). According to the Free-lon
ciently take up and concentrate Fintracellularly (Sunda  activity Model (Campbell, 1995), the reduced form of man-
and Huntsman, 1985). (5) Moreover, photosynthetic activ-ganese is the most bioavailable form. Rapid and acute bio-
ity in dense algal population generates high pt9) which, logical response (valve movement) of the Australian tropical
in turn, favors oxides or carbonates precipitations in organicfreshwater unionid/eselunio angasxperimentally exposed
rich microenvironments (Richardson et al., 1988). (6) Fi- to elevated concentrations of ¥hwas consistent with this
nally, the nutrient supply from deep layers during the dry model (Markich et al., 2000). The transportation of #in
season may also enhance the precipitation of Mn-phosphatdirough tissues should be facilitated by its analogy to Ca
and carbonates (MnHRGnd MnCQ) (Branchu, 2001). during uptake from the aquatic medium (Jeffree and Brown,
The differences in the Shape and in the amp”tude 0f1992, Markich and Jeﬁree, 1994, Markich et al., 2001)

(Mn/Al) , variations during the dry season 2002 and 2003However, bimodal pulses of (Mn/Cajn coastal surface wa-
(Fig. 3a) may be due to differences in the related upwelling.ters during the dry seasons (Fig. 3a) could not properly ex-
Water temperature in pe|agic area (F|g 3d), air tempera_plain the Single peak observed in She”S, indicating that the
ture, wind speed monitoring and main nutrients concentra{Mn/Ca); composition of water is not the sole factor control-
tion (Descy et al., 2005; data not shown) indicate that theling skeletal Mn.

upwelling event was more intense in 2003 than in 2002. For Particulate sources of Mn should be available as bivalves
instance, the major increase of Ghin 2003 (Fig. 3b) was accumulate metal in their tissues from the organic and in-
higher than in 2002 in response to the higher nutrient supfrganic components of their diet, actively through diges-
ply. A relatively high secondary Chi peak occurred in 30 tive processes, and passively through desorption (Arifin and
September 2003, at the end of the dry season and could ag&endell-Young, 2000). However, the peak of (Mn/Gg)

count for the maintenance of high (Mn/Aljevels for a few ~ cannot be simply explained by the bimodal pattern of total
months after the 2003 upwelling. Mn,, variations. An alternative hypothesis takes into account

the Mn reservoir associated with phytoplankton blooms,
4.2 Phytoplankton blooms as a source of bioavailable Mn?:: biogenic particle _rather_tha_n total Mrin agreement with

several other recent investigations. Peaks of skeletal Mn have

been reported foMytilus edulis(Vander Putten et al., 2000)
In She” V10 Where the grOWth rate haS been Calibrated, thQn temperate marine ecosystem and Mgnomon eph|p_
shell Mn peak is coeval to the first Mn increase in dissolvedpjumin tropical mangroves (Lazareth et al., 2003). In both
and particulate fractions (Fig. 4). The similarity in Mn pro- cases, peaks were supposed to be related to phytoplankton’s
files from shells V10, V72 and V-E highlights a strong inter- plooms and increases of Mn-rich particles rather than a di-
individual reproducibility that is a prerequisite to the use of (gct uptake of Mp. This hypothesis was consistent with the
shell geochemistry in environmental study. From this, weghserved delay of a few weeks between the increased run-off
postulate in all 3 specimens, that the first Mn peak representgt freshwater carrying high contents of nutrients and,Ntn
a record of the same environmental event (i.e. the June—Julye tropical estuary and the appearance of high Mn concen-
2002 upwelling event). trations inl. Ephippium(Lazareth et al., 2003). In the South

A rapid and positive response of Mn levels in the arag-of Lake Tanganyika, the major increase of GHi.e. phyto-

onitic shells ofP. spekiito the elevation of Mn in water is  plankton biomass estimation) occurred right from the start of
consistent with the freshwater bivalves sensitivity to this el-the upwelling with an apex on 26 June 2002 and on 1 July
ement in both temperate and tropical conditions (Carrel e2003 (Fig. 3b) as main nutrients (N, P and Si) are increas-
al.,, 1987; Lindh et al., 1988; Jeffree et al., 1995; Siegeleing 2 to 3 times depending on the strength of the upwelling
et al., 2001). With a very high level of Mn in its soft tissues (Descy et al, 2005; data not shown). It illustrates the high re-
(65441.9.971, dry weight),P. spekiiconfirms such a sensitiv-  activity of the phytoplankton to the rapid increase of limiting
ity with Mn concentrations three orders of magnitude highernutrients in Lake Tanganyika surface waters. These findings
than those reported for lake fishes (Chale, 2002). Accordsuggest a relationship between primary production and in-
ing to its capacity of Mn bioaccumulation, we hypothesize creased incorporation of Mn into the shell. This hypothesis
that the 6 to 20 fold increase of (Mn/Gain surface water  seems plausible, as natural phytoplankton blooms have been
(Fig. 3a) are large enough to induce the 3 to 4 fold increaseshown to be associated with an increase in suspended par-
of (Mn/Caknell. ticulate Mn (Sunda and Huntsman, 1994). An increase of
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biological activity, concomitant with a supply of Mnn sur- Mn/Ca (mmol/mol)
face waters likely enhances the production of Mn-rich parti- [wpuves Cotdetion]
cles while green algae can efficiently take up and concentrate| -~ 2™ el 20
Mn?* intracellularly (Sunda and Huntsman, 1985). We pos- l o3
tulate that (Mn/Ca)e is controlled by the conjunction of X

a biological activity increase and a supply of Mmresult-

ing in an enhanced assimilation of Mn-enriched digestible “MMM L/\f\
food particulate by the bivalve. These conditions are present

during the dry season, especially at the beginning of the up-| ; .

— 95 96 97 i 98 i99: 00 0% 2002 :03

VL |

0,1

welling, but not in the rest of the year. The possibility of —— 00
multiple (Mn/Ca}ne| peaks per year cannot be precluded of PP -

the lack of any time marker in shells, but this option is un- | t=127mm March 2003 [ 0%
likely if we consider shell V10 for which current prelimi- l
nary results confirm our time scale estimates. Further stud- ] oe
ies on the relationship between Mn and phytoplankton and \A ]\ |

on the physiological influences on Mn incorporation are re- /\ 11 o
quired to verify if skeletal Mn could be used as a quantitative v\/v\/\ X“’\_,\ . los
proxy of primary production. Finally, the dissymmetry of | === ‘
the (Mn/Cajnel peaks is likely the combination of three pro- 5 | o oyosieel ool o201 | o
cesses: (1) the relatively short lag time (up to several days) oer Growth s Younger

between the exposure to elevated water Mn concentrations

and the related increase of (Mn/Gg) (Jeffree et al., 1995); Fig. 5. Pleiodon spekii LA-ICP-MS (Mn/Ca)pey profiles in 2

(2) the longer time that is needed to re-establish equilibriumygrge shells. No length increase was measured during our survey.
between the aquatic medium and the body fluids (MarkichThe |ast 8 peaks are similar in shape as well as in their relative am-

and Jeffree, 1994; Jeffree et al., 1995), (3) the extension oplitude from one shell to the other, although the concentrations are
this delay by the action of filtration-feeders, which continue different. Scale bar: 1 mm. L: length of the shell (mm).
to concentrate Mn-rich organic or inorganic particles from
the suspended sediments.
volved in the ontogenic trend observed for skeletal Mn in
4.3 Manganese cycles in old shells P. spekii Rosenberg and Hugues (1991) noted that Mg/Ca
composition within the shell dflytilus edulisincreased with
The overall Mn patterns in older specimens V61 and V22the shell curvature, since the metabolic efficiency decreased.
(Fig. 5) are similar, despite differences in the concentrationsThey proposed that a metabolic gradient could control the
levels and the ontogenic trends. Indeed, the relative varishell geochemistry and contribute to the control of the shape.
ations of content are quite similar in the last 8 Mn cycles Second, detoxification processes in soft tissues may become
(see Table 1). It supports the idea that skeletal Mn is aless efficient with age leading to the sequestration of increas-
potential proxy of the primary production in relation with ing quantity of Mn in the shell. Third, it is also possible that
limnological changes in surface waters. If each Mn peak isgametogenesis and energy relocation for spawning may in-
supposed to record annual monsoon related upwellings, wuence Mn/Ca ratios in shells. As the biologyRfspekiiis
could then date back both shells. Manganese cycles maynknown, we cannot give any indication about the age from
therefore indicate that both bivalves were at least 8 yearsvhich shells become sexually mature and about the repro-
old when they were collected. The comparison of the areaduction patterns (continuous spawning vs. seasonal spawn-
under the (Mn/Ca)e curves may give some hints on how ing). Finally, a detailed analysis of shell isotopic composition
shell data could be quantified and then used as a quantitative 20 ands3C) coupled with spectral statistical analyses on
proxy. However, even if such investigations are promising,a large number of specimens would help to determine the
we are limited by the actual resolution of the laser (50) factor controlling Mn signature if. spekiito provide long,
that gives us too few analyses by peak to be reliable. Theuninterrupted, seasonally to inter-annually resolved archives
improvement of the laser methodology with more energeticof past upwelling events.
beam (for instance the 157 nm LA-ICP-MS) and a more sen-
sitive mass spectrometer may allow future use of surface
peak measurements as a mean to quantify relative change Conclusions
in the upwelling intensity. At the moment, one can only
speculate on the nature of additional “vital effects” varying The consistent positive relationship between (Mniga)
with age and controlling Mn incorporation in shell. First, peaks in Lake Tanganyika mussels and the concomitant in-
age-mediated changes in the metabolic activity might be increase of chlorophylk and manganese in surface waters
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during the seasonal upwelling suggests that (Mrndgeg) Cohen, A. S., Scholz, C. A., and Johnson, T. C.: The International
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record of short-term environmental changes linked with re-Coulter, G. W. (Ed.): Lake Tanganyika and its life: New York, Ox-
cent or past mixing events driven by the SE African monsoon _ ford Univ. Press, 1991. _ _

in Lake Tanganyika. Further studies should test if skeletalCi9: H.: Lake Tanganyika geochemical and hydrographic study:

Mn could be used as a quantitative proxy of primary pro- 18;2 Expedition, SIO Ref. Ser. (Scripps Inst. Oceanogr.), 75-5,
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