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Abstract - Physiological and behavioral responses to Cu exposure were measured in the Baltic clam Mucoma bulthicu 
from the Gulf of Gdansk, southern Baltic Sea. The burrowing activity, mortality rate, glycogen content, condition index 
and free amino acid (FAA) composition were analysed as indicators of stress in a series of field and laboratory studies. 
M. balrhica exposed to Cu showed clear Cu-concentration related differences in burrowing activity and mortality rate, but 
no consistent differences in the condition index, glycogen content, and free amino acids. The clams from a less polluted 
area reacted more strongly and were more sensitive to additional stress as compared to organisms from a more polluted 
region. The effect of Cu on the ecophysiology of Baltic clams in the field was probably obscured by reproduction-related 
changes in the organism. The role of sediment as a potential source of Cu in the Baltic clam was discussed. 0 Elsevier, 
Paris / Ifremer / CNRS / IRD 
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R&urn& - RCponses physiologiques de Macoma bathica ti la pollution par le cuivre en mer Baltique. Des reponses 
physiologiques et comportementales vis-a-vis dune exposition au cuivre ont ttC mesurees chez le bivalve endobenthique, 
Mucomu bulthicu, du golfe de Gdansk (sud de la mer Baltique). La capacite d’enfouissement, le taux de mortalitt, la 
teneur en glycogbne, l’indice de condition et la composition en acides amines libres ont tte analyses, en tant que bio-indi- 
cateurs de stress, dans une strie d’etudes de terrain ainsi qu’au laboratoire. Experimentalement, M. bulthicu exposee au 
cuivre a montre clairement des differences, likes a la concentration en cuivre, dans la capacite d’enfouissement et le taux de 
mortalite, mais aucune difference coherente dans la condition, la teneur en glycogene et en acides amines libres. Les bival- 
ves issus d’un site moins pollut ont magi davantage et ont Ctt plus sensibles a un stress supplementaire, en comparaison a 
des organismes issus d’une region plus pollube. Sur le terrain, l’effet du cuivre sur l’ecophysiologie du bivalve a pro- 
bablement bte masque par des modifications liees a la reproduction. Le role du sediment est envisage comme source poten- 
tielle de cuivre pour l’espece Ctudiee. 0 Elsevier, Paris / Ifremer / CNRS / IRD 

stress I cuivre 1 Ccophysiologie I Macoma balthica / mer Baltique 

1. INTRODUCTION accumulation of trace metals (e.g. Cu, Pb, Zn, Cd) have 
been recorded. The region affected by Cu contamination 

A number of unfavorable changes caused by human is an estuarine area near the mouth of the Vistula River. In 
activities have been observed in the marine ecosystem of the Polish zone of the southern Baltic Sea more than 
the Gulf of Gdansk, southern Baltic Sea, in recent years. 80 % of the total efflux of metallic pollutants originates 
Effects have appeared in a bottom zone where oxygen from the Vistula (e.g. 87 % of Cu, 98 % of Zn and Cd, 
deficiency, the presence of hydrogen sulphide as well as 95 % of Ni, 77 % of Co) [28]. Since Cu exhibits an affin- 
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ity for organic matter and the particulate phase, a signifi- 
cant part of its load precipitates to the sea bed, enriching 
sediments. According to Szefer et al. [29] and 
Sokolowski et al. (unpubl. data) the Cu content in the 
< 63 pm fraction of surface sediments displays a distinct 
gradient with maximum values at 20 m water depth and a 
decrease in offshore and inshore directions. Variable Cu 
concentrations in sediments and the continental input of 
Cu from the river indicate a concern on Cu accumulation 
in bivalves in the Vistula estuary. 

The Baltic clam Mucoma balthica (L.) is widely distrib- 
uted in the Baltic Sea where it plays a dominant role 
within the macrozoobenthos in the Gulf of Gdansk. Since 
the beginning of the 1980s a rise in biomass of this spe- 
cies has been noted [34]. M. balthica inhabits seriously 
polluted regions where other benthic species such as 
Nereis diversicolor and Saduria entomon are absent [ 161 
or reduced [32]. This may indicate a broad range of toler- 
ance and large adaptative potential of the clam, and pre- 
sumably effective physiological [3 l] and genetic [ 12, 301 
adaptations. 

In other areas, the sensitivity of the clam to Cu is well 
established [7, 13, 141. While the majority of previous 
studies focused on Atlantic specimens, and probably dif- 
ferent races or ecotypes of clams living in the Baltic [23, 
301, little is known about ecophysiological reactions of 
Baltic populations. Laboratory experiments indicated that 
lower burrowing rates and an increase in mortality 
seemed to be the first responses to increased Cu concen- 
trations [13, 141. Neuhoff [25] and Lagadic et al. [ 181 
observed that long-term exposure to increased Cu con- 
centrations, which exceeded the physiological require- 
ments, might affect metabolic activity. Consistently, 
organisms suffered from a higher energy charge and oxy- 
gen consumption and higher use of its energy reserve. 
Moreover, Cu is also supposed to bring about a change in 
the total quantity of free amino acids (FAA) and its com- 
position (e.g. the taurine/glycine ratio and/or the sum of 
threonine and serine) [15, 191. As a result, the biochemi- 
cal composition and condition index are changed. 

In this study, the effect of Cu on the ecophysiology and 
behaviour of M. balthica was tested under field and 
experimental conditions. Glycogen content, the condi- 
tion index and free amino acid composition were 
employed as indicators of stress. Interpopulation differ- 
ences in the sensitivity to Cu for organisms collected 
from two stations, differing in their degree of pollution, 
were also investigated. The relation between the Cu 

content in soft tissues and the fine-grained fraction of 
sediments provided information for the assessment ot 
sediments as a potential source of the metal to the 
bivalve. 

2. MATERIALS AND METHODS 

2.1. Field studies 

Materials were collected from six stations along the lin- 
ear profile, from the Vistula River mouth towards an open 
part of the Gulf of Gdansk, in April and June 1995 
yigure 1). Sampling points were selected to represent the 
expected range of Cu concentrations in the < 63 pm sedi- 
ment fraction. A polyethylene sediment corer of a 20 mm 
diameter was used to sample the upper 50 mm of sedi- 
ments. This layer of the substrate was found to be within 
an optimal burrowing depth of Macoma balthica. M. bal- 
thica, > 10 mm long, live at an average depth of 20 mm 
in summer compared to 50 mm in winter [33]. Organisms 
were collected with a rectangular grab with a net of 3 mm 
mesh. The bivalves (10-67 individuals), ranging in shell 
length from 15 to 19.9 mm, were depurated for 24 h in 
filtered estuarine water at ambient salinity and tempe- 
rature. 

The sediments were preliminarily dried at 50 “C to a 
constant weight, sieved through a 63 pm nylon mesh 1231 
and divided into two subsamples. Organic matter content 
in the < 63 pm fraction was computed from the loss in 
weight of a dry subsample burned at 550 “C for 6 h. The 
second subsample was leached with lM HCl according to 
Luoma and Bryan [20]. This extraction technique 
allowed determination of the labile and potentially bio- 
available Cu species in the sediments [6]. Five individu- 
als were chosen randomly from each sample and total 
shell length and dry weight of soft tissue (DW) were 
recorded in order to calculate the condition index (C.I.). 
The condition index was expressed as the ratio of dry 
weight to volume. Volume was estimated by length (L”) 
[3]. Dry soft tissues were pooled, homogenised and 
digested in concentrated HNO,. Cu concentrations were 
measured by atomic absorption spectrophotometry 
(AAS). Glycogen content was assessed according to 
Dubois et al. [8]. Multiple and stepwise regression analy- 
ses were performed by means of the Systat Statistical 
Package (p < 0.05) [27]. 

432 



RESPONSE OF MACOMA BALTHlCA TO COPPER POLLUTION 

YE 19 ;3O'E 19*,OO'E I! 

N The Baltic Sea 
t 

The Gulf of Gda 

I' E 2O"qolE qu 

Figure 1. Location of sampling stations. 

2.2. Experimental setup 

Adult Mucoma balthica were collected from two stations 
figure 1) considered to be heavily polluted with trace 
metals (GD) and relatively unpolluted (SO) in May-June 
[2]. Station GD was located in the industrial zone, in 
front of the big trans-shipping port in Gdansk, station SO 
was located in the open part of the Gulf of Gdansk. 

Detailed characteristics of sampling points are shown in 
table I. 

The experiment was conducted for two months in three 
30 L aquaria with different initial dissolved Cu concen- 
trations: a control (no Cu added), 37.5 and 75 ug L-’ 
(added from a stock solution of 0.5 M CU(NO,)~.~H,O in 
HNO,). Continuous water circulation through aquaria 

Table I. Characteristics of sampling stations 

station Depth Salinity Distance from 
the river mouth 

(km1 

Type of sediment 

SW-5 
SW-10 
SW-20 
SW-30 
SW-40 
SW-60 

Gdansk (GD) 
Sopot (SO) 

* - not in the Vistula River transect. 

5 1.4 i 0.2 
10 1.5 + 0.0 
20 7.4 + 0.1 
30 7.5 i 0.1 
40 7.5 * 0.0 
60 7.6 zt 0.2 

10 7.0 f 0.5 
37 7.0 + 0.5 

1.4 sand 
1.6 sand 
2.1 sand 
5.6 sand 
7.4 mud 
9.7 mud 
* mud 
* sand 
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was assured using water pumps. Prior to the experiment, 
organisms were acclimatised for 12 h to temperature and 
salinity rendering ambient environmental situation. 
12.3 + 0.5 “C and 10 -t 0.5, respectively. 100 individuals 
from each population were divided over four small 
aquaria (25 individuals per aquarium) to enable replicate 
analysis (n = 4). Animals were fed the algae PhaeodacQ- 
lum tricornutum every two days, six hours prior to chang- 
ing the water. For each treatment, water samples for Cu 
analysis were taken four times and immediately filtered 
on cellulose-nitrate filters (0.45 pm) to distinguish 
between dissolved and particulate phases. Dissolved Cu 
concentrations were measured by differential pulse 
anodic stripping voltametry (DPASV), using a hanging 
drop mercury electrode (HDME) and collection potential 
-0.6 V, after UV irradiation with H,O, for 4 h [21]. Par- 
ticulate Cu was leached with 1M HCl and measured by 
AAS. The quality of the methods used was controlled by 
simultaneous Cu analyses of an internal standard and an 
external Titrisol calibration solution (Merck) for the dis- 
solved and the particulate Cu, respectively. The detailed 
description of the procedures and analytical quality data 
are given in Gerringa et al. [lo] and Nieuwenhuize et al. 
[26]. The mortality was checked every day and the exper- 
iment was stopped when mortality reached 50 %. The test 
for burrowing activity was carried out on twenty individ- 
uals of each population at the beginning and at the end of 
the experiment. The clams were introduced into aquaria 
with 15 cm of sandy sediment and the amount of totally 
burrowed animals was counted after 60 and 90 min. In 
addition, at the end of each exposure, the condition index 
(C.I.) (on ten individuals) as well as protein [ 1 l] and gly- 
cogen content (on pooled samples) [ 171 were determined. 
The composition of the following free amino acids (FAA) 
was analysed on a LKB 4151 Alpha Plus amino acid 
analyser: aspartic acid-Asp, glutamic acid-Glu, serine- 

Ser, glycine-Gly, taurine-Tau, arginine-Arg, alanine-Ala. 
valine-Val, phenylalanine-Phe, isoleucine-Be, and leu- 
tine-Leu. 

3. RESULTS 

3.1. Field studies 

The Cu content in the < 63 pm fraction was maximal at 
station SW-20, with lower values at both the shallower 
and the deeper stations (mable II). The Cu content was 
related to the organic fraction (r = 0.82, n = 10, p < 0.01; 
table IK figure 2). The Cu concentration in Macoma bal- 
thica showed an increasing trend towards the deeper sta- 

? 

0 2 4 6 8 10 12 14 
Organic fraction [% in < 63 pm] 

Figure 2. Correlation between Cu content in silt fraction and 
organic matter content in silt fraction of surface sediments (r = 
0.82, n = 10, p ~0.01) 

Table Ii. Cu content, organic matter content and percentage of silt fraction (~63 pm) in surface sediments in the Vistula River estuary (dash - 
no data). 

Station Cu content Organic matter content 
in < 63 pm fraction in c 63 pm fraction 

[m g-‘DWI I%1 

April June April June 

% of c 63 pm fraction 
in the sediments 

I%1 

April June 

SW-5 9.4 10.3 7.91 8.26 5.85 3.73 
SW-IO 10.9 19.1 8.89 - 13.56 2.10 
SW-20 22.9 22.1 10.85 12.84 0.29 15.82 
SW-30 15.1 9.9 13.61 8.07 9.27 26.09 
SW-40 14.0 10.8 - 8.46 1.65 12.12 
SW-60 5.9 5.0 7.76 6.25 54.97 65.48 
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Table III. Tissue Cu concentration, glycogen content and the condition index in Macoma balrhica in the Vistula River estuary. 

Station 

SW-5 
SW-10 
SW-20 
SW-30 
SW-40 
SW-60 

Cu concentration [pg.g-’ DW] Glycogen [ % ] Condition [mrcm4] 

April June April June April June 

34.53 43 18.96 66 1.29 3.16 8.9 8.2 
17.80 20 22.03 73 2.21 2.30 8.9 6.8 
33.98 34 30.63 10 0.86 5.57 6.2 6.6 

129.81 52 60.26 31 4.11 1.27 5.0 3.5 
55.97 67 135.38 10 1.39 2.33 7.0 7.8 

182.08 10 159.70 10 0.43 3.45 6.9 - 

Table IV. Significance of relationships between the Cu content in 
< 63 pm sediment fraction or clams, and environmental and 
ecophysiological parameters (multiple and stepwise regression on 
average data) (%-Grg = %-organic matter; Silt = < 63 pm sediment 
fraction; Cond = condition; Glyc = glycogen; ** p < 0.01, 
* p < 0.05, ns = not significant). 

Station % Org Silt Cond Glyc 

Cu content in silt 
Cu content in 
M. balrhica 

* ** 
* * ** ns ns 

tions (table HI). The Cu concentrations in the clams 
correlated with the silt fraction in the sediments (r = 0.74, 
n = 12, p c 0.01; table ZV;figure 3) and, to a lesser extent, 
to the organic fraction in silt (table IV). Glycogen content 
and the condition index of the clams did not reveal signif- 
icant relationships with their Cu concentrations (table IV). 

0 
0 15 30 45 60 75 

%siltfkaction[<63 pm] 

Figure 3. Correlation between the Cu concentration in Mucoma 
bulthica and percentage of silt fraction in surface sediments (r = 
0.74, n = 12, p cO.01). 

3.2. Experiments 

The particulate-associated Cu concentrations were higher 
than those in the dissolved phase (table V). So, Cu was 
bound to suspended particles and only a small part 
remained in dissolved form. The final average concentra- 
tions were higher than the nominal concentrations, which 

Table V. Average Cu concentrations in water in each experiment 
treatment (n=4). 

Treatment 
(intended) 

Control 
37.5 ugcuc’ 
75 pgcuP 

Measured Cu concentration @gL-‘1 

Dissolved Particulate Total 

2.4 14.3 16.7 
20.4 21.0 41.4 
38.8 66.9 105.7 

Table VI. Burrowing activity of Mucoma balthica collected at two 
stations: GD and SO (St-tested at the start of the experiment, O-con- 
trol, 37.5-exposure to 37.5 f.tgCuK’, 75-exposure to 75 pgCuK’). 

Station 

GD 
so 

Percentage [ %] of the 20 animals burrowed after 

60 minutes 90 minutes 

St 0 37.5 75 St 0 37.5 75 
55 35 20 0 70 35 25 0 
45 60 5 5 50 75 5 5 

Table VII. LT,, (lethal time) for Mucoma balthica from different 
stations at different Cu concentrations and percentage of mortality 
in control. 

Station LT,, MayI at % mortality in 
control * 

37.5 pg&L-’ 75 cgCu.L-’ (after 55 days) 

GD 59 41 1 
so 51 33 11 
* - mortality was calculated on 100 individuals from four aquaria 
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Table VIII. Biochemical composition and the condition index of Macoma balthicu from two stations (GD. SO) before and after exposure to 
different Cu concentrations (~4; FAA-free amino acids, St-start, O-control, 37.5exposure to 37.5 pgCu I*-‘. 75-exposure to 75 pgCu I>-’ I 

_____-___-~ 
Station and Total FAA Protein Glycogen Condition 
Cu concentration [pMol*g-‘DW] [%I ISI [mg*cm”] 

so St 194 51.60 10.93 9.09 
so 0 282 59.34 3.70 1.77 
so 37.5 250 67.83 2.79 4.81 
so 7s 224 63.78 1.10 4.92 

GD St 196 50.64 13.59 10.93 
GD 0 272 66.30 4.32 5.03 
GD 37.5 299 61.08 3.32 5.50 
GD 75 335 59.54 3.00 6.21 

Table IX. Free amino acid composition (% of total) of Macomcl balihica from two stations (GD, SO) before and after exposure to different Cu 
concentrations (St-start, O-control, 37.5-exposure to 37.5 pgCu L-‘, 75-exposure to 79 pgCu L-l). 

Station 
Cu cont. 

AsI’ GIU Ser GUY Tao Arg Ala Val Phe Ile Leu 

so St 3.8 10.9 3.5 23.8 0.4 13.3 23.3 0.4 16.2 0.4 0.4 
so 0 6.7 5.7 3.0 42.7 0.4 6.5 20.1 0.2 9.6 1.9 1.2 
so 37.5 7.7 6.3 2.8 31.4 0.5 9.0 21.6 0.2 16.5 0.0 2.2 
so 75 2.0 5.3 3.0 26.3 0.0 8.7 38.6 0.5 12.7 0.9 2.1 

GD St 1.5 9.9 5.0 21.1 0.0 14.8 26.0 0.0 15.8 0.0 3.9 
GD 0 7.1 7.4 2.9 37.9 0.0 8.2 24.6 0.0 8.8 0.0 0.8 
GD 37.5 4.4 6.4 2.3 32.5 0.3 9.7 27.8 0.2 8.8 0.0 2.6 
GD 75 1.1 6.9 2.8 20.5 0.0 7.0 43.5 1.7 11.8 0.9 1.9 

was due to contamination of the basic water (= control) 
and probably other unknown sources (table V). Organ- 
isms exposed to Cu concentrations of 75 pg L-’ kept their 
shells closed longer than the other tested groups (37.5 
and 0 pg L-l). Significant differences in burrowing 
behaviour (ruble VI) and mortality (table VZZ) were 
observed between treatments (Wilcoxon matched pairs 
test, p < 0.07). The percentage of animals burrowed after 
60 or 90 min lowered with an increase in Cu concentra- 
tions and reached a minimum at 75 pg L-l (table VZ). The 
burrowing rate of the clams from the less polluted station 
(SO) was lower than that from the more contaminated 
station (GD) at Cu exposure 37.5 and 75 pg L-l. Differ- 
ences between stations were also found for the mortality, 
with the highest mortality of animals from station SO 
(table VU). A decrease in glycogen content with Cu con- 
centrations was observed. The changes in the condition 
index pale into insignificance beside the strong difference 
with the start situation (table VIII). For the other parame- 
ters (total free amino acid composition (FAA), protein) 
no consistent changes could be observed (fables VZZZ, ZX). 
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Yet, for both stations at Cu exposure 75 ug L-’ ai 
increase of Ala and a decrease of Gly were found 
(table IX). 

4. DISCUSSION 

Our data on the Cu content in sediments show a steady 
gradient with highest values at 20 m water depth and a 
strong decrease landwards (to 5 m) and seawards (to 
60 m). Such a spatial distribution reflects an effect of 
fresh riverine water outflow, and mixing processes of 
fresh and brackish water masses, on dilution and precipi- 
tation rates of metals in the estuary, with a turbidity max- 
imum at the mixing zone [93. During estuarine mixing, 
the adsorption of dissolved 0.1 by flocculated oxyhy- 
droxids of Mn and Fe and associated humic substances 
leads to increased coprecipitation and results in high Cu 
and organic matter content in the sediments (station SW- 
20). The positive relationship between org&c matter 
and Cu in the silt fraction displays this coprecipitation 
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and affinity of Cu for organic substances, as is com- 
monly observed [9, 241. As a result, at deeper stations Cu 
levels in the silt fraction drop with depth. Yet, the silt 
fraction may still increase with depth (the highest silt 
fractions are found at 60 m depth, table II). Conse- 
quently the total Cu content (which can be calculated as 
the product of the silt fraction and the Cu content of the 
silt) in the sediments may also be high at the deeper sta- 
tions. This explains why the highest Cu values in the 
clams were found at the deeper stations, as also indi- 
cated by the positive relation between the Cu concentra- 
tion in clams and the silt fraction. Yet, Cu uptake from 
the water can not be excluded as a source. Part of the Cu 
in the clam might be derived from the sediment, whereas 
another part may be ingested with food from the suspen- 
sion [l], because clams are capable of both suspension 
and deposit feeding [4]. Data on dissolved Cu in the 
water from the gradient studied by us available for 1997 
revealed low concentrations however (Sokolowski, 
unpubl. data). 

In order to assess the influence of Cu accumulation on the 
physiology of M. balthica, the glycogen content and the 
condition index were analyzed as indicators of stress. The 
application of these parameters for the detection of envi- 
ronmental stress in M. balthica has been suggested by 
Hummel et al. [14]. It is known that stressful conditions 
brought about by environmental factors can result in a 
change of the metabolic activity in clams and may imply 
an increased energy charge [25]. High-energy reserve 
constituents start to be metabolized in order to cover the 
enhanced energy demand. The increase of catabolic reac- 
tions in the organism leads to a decrease of the physiolog- 
ical condition involving e.g. a decrease in glycogen 
content and the condition index [ 141. In the present study, 
the glycogen content indeed decreased during the experi- 
ments. However no relationship was found between Cu 
concentrations and the condition index or glycogen level 
in the field. The absence of such a relationship might be 
enhanced by the reproduction under normal conditions. 
Spawning of gametes, which implies a loss of body 
weight, starts usually in May-June. The reproductive 
cycle in M. balthica from different depths does not occur 
synchronously [31]. Thus, the absence of a relationship 
between the Cu content and glycogen or the condition 
index in spring may result also from a different reproduc- 
tion-related physiological state of the clams. Therefore, 
in the Baltic, glycogen and the condition index are not 
proper indicators of stress in M. balthica during the 
spawning season. 

Similarly, the free amino acids (FAA) proved not to be a 
proper indicator of stress in Baltic populations. This is in 
contrast to FAA in clams from Atlantic coasts and estuar- 
ies [15]. Remarkable was the low level of the total FAA 
in the clams from the Baltic (less than 50 % of that in 
Atlantic specimensj, and the almost total absence of tau- 
rine, whereas it is present in substantial amounts, up to 
20 %, in Atlantic clams [15]. This may be due to the low 
salinity in the Baltic, since FAA are used in osmoregula- 
tion [5, 191 or because of genetic differences between 
Atlantic and Baltic populations [30]. So, for Baltic speci- 
mens the taurine/glycine ratio has a low stress indicating 
value. 

The “burrowing activity” tests showed that the clams 
burrowed slower at higher Cu concentrations. A simi- 
lar reaction was found for Atlantic specimens when 
exposed to increasing concentrations of Cu [14, 221. 
An explanation for Cu-driven differences in burrowing 
lies in differences in the clam’s behaviour. Cu-stressed 
organisms kept their shells closed longer than the con- 
trol and thus were not able to actively burrow. Such an 
interpretation is supported by the changes of Ala and 
Gly, which represent a rapid metabolic turnover [5]. At 
a Cu exposure of 75 pg L-’ clams revealed an increased 
concentration of Ala which is an end product in the 
glycolytic metabolism during anaerobic respiration, and 
thus may reflect the prolonged duration of shell clo- 
sure. On the other hand, a drop of Gly was observed. 
Gly is involved in metabolism of a variety of gluconeo- 
genie compounds, so it may indicate a high metabolic 
level. 

Comparison of the results on the “burrowing activity” 
and mortality between populations from station GD and 
SO provided information on differences in the sensitiv- 
ity to Cu of organisms collected from two areas differ- 
ing in the degree of pollution. The bivalves from the 
relatively unpolluted station (SO) showed higher mor- 
tality and lower burrowing activity and thus more 
“stressed’ reactions. However, more active behavior of 
these organisms was observed in controls. It may indi- 
cate that the clams from the unpolluted area are not 
adapted to changes in their habitat and are more sensi- 
tive to additional stress. 

5. CONCLUSION 

We can conclude that burrowing activity and mortality 
are the best indicators of Cu-induced stress in M. bal- 
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thica. The condition index, glycogen content, and free 
amino acid composition were not reliable stress indi- 
cators. The use and sensitivity of these last named 
indicators might have been obscured by changes in 
the physiology of the organisms related to reproduc- 
tion. 
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