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Abstract

The occurrence of three species belonging to the small coenobia forming green algae Desmodesmus and Didymocystis
is reported from the northernmost part of Lake Tanganyika, East Africa. During a monitoring between September 2011
and October 2013 the highest number of cells of Desmodesmus bicellularis and Didymocystis comasii were observed
in August and September, at the end of the dry season. On the other hand, the third taxon, Didymocystis cf. inermis,
was only sporadically observed between September 2011 and March 2012. According to existing databases, it should
be the first records from Africa of these three species. However, D. bicellularis (as Didymocystis bicellularis) was
already reported in 2003 in phytoplankton samples of the pelagic zone from more southern located places in Lake
Tanganyika.
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Introduction

Didymocystis Korshikov sensu lato, a genus which was
previously included in the Chlorococcales (Chlorophyta)
(Komarek and Fott 1983) but now within the Chlorellales
(Trebouxiophyceae, Chlorophyta) (Hegewald and Dea-
son 1989), is only represented by a few species which are
mainly known from temperate region (12 species accord-
ing to Guiry in Guiry and Guiry 2020). Two species of
this genus, Didymocystis fina Komarek (Komarek 1975)

and Didymocystis comasii Komarek (Komarek 1983),
have been described from tropical areas (Cuba). The latter
taxon has also been reported from the Netherlands (Veen
et al. 2015 in Guiry and Guiry 2020). Recently the genus
Pseudodidymocystis E. Hegewald & Deason was sepa-
rated from Didymocystis based on cell wall structure and
composition (Hegewald and Deason 1989). Four species
have been transferred to this genus: Pseudodidymocystis
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planctonica (Korshikov) E. Hegewald & Deason, P.
fina (Komarek) E. Hegewald & Deason, P. inconspicua
(Korshikov) Hindék, and P. lineata (Korshikov) Hindak
(Hegewald and Deason 1989; Hindak 1990).

On the other hand, Didymocystis bicellularis (Cho-
dat) Komarek was transferred to Desmodesmus (Chodat)
S.S. Ann, Friedl & E. Hegewald based on phylogenetic
relationships (An et al. 1999). Within the Chlorophyta,
the genus Desmodesmus is classified in the Sphaerople-
ales, Chlorophyceae.

During the phytoplankton study of samples taken
weekly in a coastal and a pelagic site in the northern-
most part of Lake Tanganyika near Uvira, Democratic
Republic of the Congo (D.R. Congo), two taxa belong-
ing to the genus Didymocystis and one to Desmodesmus
were observed. These taxa have never been reported
earlier for this tropical African lake (Cocquyt et al.
1993), probably due to their small dimensions of less
than 10 pm in length. No molecular data are available
for the materials considered in this paper, as the studied
samples were part of a monitoring project not includ-
ing genetic analyses. Phytoplankton was collected in
the frame of the CHOLTIC project (Cholera outbreaks
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at Lake Tanganyika induced by Climate Change?) (Plis-
nier et al. 2015) in addition to physico-chemistry and
bacteriological data to understand the environmental
ecology of copepods in Lake Tanganyika. Copepods
have been identified in oceans as potential reservoirs of
Vibrio cholerae bacteria (Colwell 1996). Thus, the aim
of this project was to correlate physical, chemical, and
biological data from Lake Tanganyika in relation with
cholera outbreaks in order to improve an eco-hydrologi-
cal model to understand triggering conditions of cholera
outbreaks in the region. Phytoplankton blooms in the
northern part of the lake have shown statistically sig-
nificant correlation with cholera epidemics (Plisnier et
al. 2015), although the precise environmental reservoir
has not yet been identified. As an additional outcome
of the project, new information collected on the phyto-
plankton species allowed to improve the knowledge of
the phytoplankton community and its dynamics in Lake
Tanganyika.

Temporal distribution and abundances of the three
taxa in the surface water of Lake Tanganyika are given
and discussed based on a three-year monitoring near
Uvira (D.R. Congo) in the 2010s.
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Figure 1. Map with the location of the sampling points in Lake Tanganyika near Uvira (D.R. Congo). A. Detail of the northernmost part of
the lake with indication of the pelagic (P) and the coastal (C) sampling point. B. Map of Lake Tanganyika with the location of Uvira (D.R.
Congo) in the north of the lake. C. Map of Africa with the location of Lake Tanganyika (blue area).
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Methods

Phytoplankton samples were taken in the northernmost
part of Lake Tanganyika near Uvira (DR Congo) in the
frame of the CHOLTIC project (Plisnier et al. 2015).
Sampling was done at a weekly base between 26 August
2011 and 15 October 2013 in a coastal (03°25.648'S, 029°
07.969'E) and a pelagic site (03°24.945'S, 029°10.635'E)
located about 3 km from the coast (Fig. 1). The weekly
average water temperature for the water column (from
0 m to 100 m depth) was 26.0 °C (minimum 25 °C
and maximum 27.2 °C). The thermic stratification was
always observed, although the mixing zone varied
between 20 and 100 m in depth with an average of 52
m. Average water transparency at Uvira was 13.1 m and
fluctuated between 9 m and 18.7 m during the three years
of monitoring.

Two types of phytoplankton samplings were exe-
cuted: a quantitative sampling by filling a 100 ml bot-
tle with lake water, and a semi-quantitative sampling
with a phytoplankton net (mesh size of 10 um). At the
coastal site, a horizontal haul was taken for about 30 m,
just below the water surface; at the pelagic site. a vertical
haul was taken in the upper 50 m in the water column.
Quantitative samples were fixed in situ with an alkaline
Lugol’s solution and formalin, and net samples with for-
malin. Samples were kept cool and in the dark upon to
transport and analysis in Belgium at the Meise Botanic
Garden. Analyses followed the Utermohl method (Uter-
mohl 1958) using sedimentation chambers of 10 ml, after
concentration of the 100 ml quantitative samples, and an
Olympus CKX 41 inverted microscope equipped with
an Olympus UC30 digital camera and an oil immersion
objective of 100x. Biovolumes were calculated according
to Hillebrand et al. (1999) from mean cell dimensions.

Samples are housed in the herbarium of the Meise
Botanic Garden (BR) and were given a CCA (Christine
Cocquyt Algae) collection number (Appendix Table Al).

Results

During the three years phytoplankton monitoring in
the northernmost part of Lake Tanganyika near Uvira
(D.R. Congo), three small coccoid green algae were
observed. Komarek and Fott (1983) placed these three
species within the genus Didymocystis. However, based
on phylogenetic relationship one of these species was
transferred to the genus Desmodesmus (Chodat) S.S. An,
Friedl & E. Hegewald (An et al. 1999). A short morpho-
logic description of these three taxa as observed in Lake
Tanganyika is given below.

Order Sphaeropleales
Family Scenedesmaceae

Desmodesmus bicellularis (Chodat) S.S.An, Friedl &
E.Hegewald (1999)
Figure 2A
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Basionym: Scenedesmus bicellularis Chodat (1926).

Synonym: Didymocystis bicellularis (Chodat) Koma-
rek (1973)
New records. D.R. CONGO ¢ Sud-Kivu, Uvira, Lake
Tanganyika; 03°25.648'S, 029°07.969'E; 775 m a.s.l;
surface water; CHOLTIC expedition members leg.; CCA
numbers in BR: 26 Aug. 2011; CCA 1602; 7 Sept. 2011,
CCA 1618; 13 Sept. 2011; CCA 1626; 20 Sept. 2011; CCA
1634; 27 Sept. 2011; CCA 1642; 4 Oct. 2011; CCA 1650;
12 Oct. 2011; CCA 1658; 18 Oct. 2011; CCA 1666; 1 Nov.
2011; CCA 1682; 15 Nov. 2011; CCA 1698; 22 Nov. 2011;
CCA 1706; 29 Nov. 2011; CCA 1714; 6 Dec. 2011; CCA
1722; 13 Dec. 2011; CCA 1730; 20 Dec. 2011; CCA 1738;
27 Dec. 2011; CCA 1746; 3 Jan. 2012; CCA 1754; 17 Jan.
2012; CCA 1770; 24 Jan. 2012; CCA 1778; 1 Feb. 2012;
1786; 7 Feb. 2012; CCA 1794; 14 Feb. 2012; CCA 1802;
21 Feb. 2012; CCA 2165; 28 Feb. 2018; CCA 2171; 6 Mar.
2012; CCA 2177; 20 Mar. 2012; CCA 2189; 27 Mar. 2012;
CCA 2195; 3 Apr. 2012; CCA 2201; 24 Apr. 2012; CCA
2219; 3 May 2012; CCA 2225; 8 May 2012; CCA 2231,
29 May 2012; CCA 2249; 5 Jun. 2012; CCA 2256; 19
Jun. 2012; CCA 2268; 26 Jun. 2012; CCA 2274; 3 Jul.
2012; CCA 2280; 10 Jul. 2012; CCA 2286; 17 Jul. 2012;
CCA 2292; 24 Jul. 2012; CCA 2299; 31 Jul. 2012; CCA
2305; 7 Aug. 2012; CCA 2311; 14 Aug. 2012; CCA 2317,
21 Aug. 2012; CCA 2323; 28 Aug. 2012; CCA 2329; 4
Sept. 2012; CCA 2335; 11 Sept. 2012; CCA 2341; 18 Sept.
2012; CCA 2348; 28 Sept. 2012; CCA 2354; 2 Oct. 2012;
CCA 2360; 9 Oct. 2012; CCA 2366; 16 Oct. 2012; CCA
2372; 24 Oct. 2012; CCA 2378; 30 Oct. 2012; CCA 2384;
6 Nov. 2012; CCA 2390; 13 Nov. 2012; CCA 2396; 20
Nov. 2012; CCA 2402; 27 Nov. 2012; CCA 2408; 4 Dec.
2012; CCA 2414; 11 Dec. 2012; CCA 2420; 18 Dec. 2012;
CCA 2427, 24 Dec. 2012; CCA 2433; 2 Jan. 2013; CCA
2439; 8 Jan. 2013; CCA 2445; 15 Jan. 2013; CCA 2451,
29 Jan 2013; CCA 2463; 5 Feb. 2013; CCA 2469; 12 Feb.
2013; CCA 2475; 19 Feb. 2013; CCA 2481; 26 Feb. 2013;
CCA 2487; 6 Mar. 2013; CCA 2844; 19 Mar. 2013; CCA
2858; 26 Mar. 2013; CCA 2865; 2 Apr. 2013; CCA 2872;
9 Apr. 2013; CCA 2879; 16 Apr. 2013; CCA 2886; 23
Apr. 2013; CCA 2893; 7 May 2013; CCA 2907; 14 May
2013; CCA 2914; 24 May 2013; CCA 2921; 28 May 2013;
CCA 2928; 4 Jun. 2013; CCA 2935; 11 Jun. 2013; CCA
2943; 18 Jun. 2013; CCA 2950; 2 Jul. 2013; CCA 2964,
9 Jul. 2013; CCA 2971; 23 Jul. 2013; CCA 2985; 29 Jul.
2013; CCA 2992; 6 Aug. 2013; CCA 2999; 13 Aug. 2013;
CCA 3006; 20 Aug. 2013; CCA 3013; 27 Aug. 2013; CCA
3020; 3 Sept. 2013; CCA 3027; 17 Sept. 2013; CCA 3041;
24 Sept. 2013; CCA 3048; 1 Oct. 2013; CCA 3055; 8 Oct.
2013; CCA 3062; 15 Oct. 2013; CCA 3069 ¢ Sud-Kivu,
Uvira, Lake Tanganyika; 03°24.945'S, 029°10.635'E; 775
m a.s.l.; surface water; CHOLTIC expedition members
leg.; CCA numbers in BR: 26 Aug. 2011; CCA 1604; 7
Sept. 2011; CCA 1620; 13 Sept. 2011; CCA 1628; 20 Sept.
2011; CCA 1636; 27 Sept. 2011; CCA 1644; 4 Oct. 2011;
CCA 1652; 12 Oct. 2011; CCA 1660; 18 Oct. 2011; CCA
1668; 25 Oct. 2011; CCA 1676; 1 Nov. 2011; CCA 1684;
15 Nov. 2011; CCA 1700; 22 Nov. 2011; CCA 1708; 29
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Figure 2. Light microscopic photographs. A. Desmodesmus bicellularis. B. Didymocystis comasii. C. Didymocystis cf. inermis. From samples
of the weekly monitoring in the pelagic and coastal zone of Lake Tanganyika near Uvira (D.R. Congo) between September 2011 and

October 2013. Scale bar =5 um.

Nov. 2011; CCA 1716; 6 Dec. 2011; CCA 1724; 13 Dec.
2011; CCA 1732; 20 Dec. 2011; CCA 1740; 27 Dec. 2011,
CCA 1748; 3 Jan. 2012; CCA 1756; 10 Jan. 2012; CCA
1764; 24 Jan. 2012; CCA 1780; 1 Feb. 2012; 1788; 7 Feb.
2012; CCA 1796; 14 Feb. 2012; CCA 1804; 28 Feb. 2012.
CCA 2173; 6 Mar. 2012; CCA 2179; 13 Mar. 2012; CCA
2185;27 Mar. 2012; CCA 2197; 3 Apr. 2012; CCA 2203; 10
Apr. 2012; CCA 2209; 17 Apr. 2012: CCA 2215; 24 Apr.
2012; CCA 2221; 3 May 2012; CCA 2227; 8 May 2012;
CCA 2233; 22 May 2012; CCA 2245; 29 May 2012; CCA
2251; 5 Jun. 2012; CCA 2258; 12 Jun. 2012; CCA 2264;
26 Jun. 2012; CCA 2276; 3 Jul. 2012; CCA 2282; 10 Jul.
2012; CCA 2288; 17 Jul. 2012; CCA 2294; 24 Jul. 2012,
CCA 2301; 31 Jul. 2012; CCA 2307; 7 Aug. 2012; CCA
2313; 14 Aug. 2012; CCA 2319; 21 Aug. 2012; CCA 2325;
28 Aug. 2012; CCA 2331; 11 Sept. 2012; CCA 2343; 18
Sept. 2012; CCA 2350; 28 Sept. 2012; CCA 2356; 2 Oct.
2012; CCA 2362; 9 Oct. 2012; CCA 2368; 16 Oct. 2012;

CCA 2374; 24 Oct. 2012; CCA 2380; 30 Oct. 2012; CCA
2386; 6 Nov. 2012; CCA 2392; 13 Nov. 2012; CCA 2398;
20 Nov. 2012; CCA 2404; 4 Dec. 2012; CCA 2416; 11
Dec. 2012; CCA 2422; 18 Dec. 2012; CCA 2429; 24 Dec.
2012; CCA 2435; 2 Jan. 2013; CCA 2441; 8 Jan. 2013;
CCA 2447; 15 Jan. 2013; CCA 2453; 22 Jan. 2013; CCA
2459; 29 Jan 2013; CCA 2465; 5 Feb. 2013; CCA 2471; 12
Feb. 2013; CCA 2477; 19 Feb. 2013; CCA 2483; 26 Feb.
2013; CCA 2489; 6 Mar. 2013; CCA 2846; 12 Mar. 2013:
CCA 2853; 19 Mar. 2013; CCA 2860; 26 Mar. 2013; CCA
2867; 2 Apr. 2013; CCA 2874; 9 Apr. 2013; CCA 2881,
16 Apr. 2013; CCA 2888; 23 Apr. 2013; CCA 2895; 29
Apr. 2013; CCA 2902; 7 May 2013; CCA 2909; 14 May
2013; CCA 2916; 24 May 2013; CCA 2923; 28 May 2013;
CCA 2930; 4 Jun. 2013; CCA 2937; 18 Jun. 2013; CCA
2952; 25 Jun. 2013; CCA 2959; 2 Jul. 2013; CCA 2966;
9 Jul. 2013; CCA 2973; 16 Jul. 2013; CCA 2980; 23 Jul.
2013; CCA 2987; 29 Jul. 2013; CCA 2994; 13 Aug. 2013;
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CCA 3008; 20 Aug. 2013; CCA 3015; 27 Aug. 2013; CCA
3022; 3 Sept. 2013; CCA 3029; 10 Sept. 2013; CCA 3036;
17 Sept. 2013; CCA 3043; 24 Sept. 2013; CCA 3050; 1
Oct. 2013; CCA 3057; 8 Oct. 2013; CCA 3064; 15 Oct.
2013; CCA 3071.

Identification. Coenobia are composed of two cells.
Cells are slightly elongated, oval to cylindrical with
broadly rounded to slightly conically rounded. Both cells
of the coenobium are connected parallel on the ventral
side. Cell wall is smooth and a mucilaginous envelop is
absent. One parietal chloroplast is present with one py-
renoid which is not clearly visible in young cells. Cell
dimensions observed in the Uvira materials, 4.9-8.8 x
2.4-4.1 pm, correspond to those given by Komarek and
Fott (1983), 4.5-10 x 2—4 um.

Seasonal fluctuations. At the end of August 2011, the
highest number of colonies of D. bicellularis was ob-
served in the pelagic surface waters (116 cells per ml)
followed by a small peak at the end of June 2012 (80 cells
per ml) (Fig. 3). During the rest of the monitoring period
the taxon was most of the time present in the phytoplank-
ton counts but in very low number and never reaching
20 cells per ml. In the coastal surface waters maximum
densities were observed in September and October 2011
with 158 and 234 cells per ml and a smaller peak in Oc-
tober 2013 with 86 cells per ml (Fig. 3). During the rest
of the monitoring never more than 15 colonies per ml
were observed.

Ecology. According to Komarek and Fott (1983) this
taxon lives free in the periphyton, or more rarely in the
plankton, scattered to frequent.

Distribution. Common in Central Europe (Komarek
and Fott 1983) and also reported from France, the Neth-
erlands, Portugal, Spain, and Scandinavia (Guiry 2020).
This taxon was also reported from Brazil (Ferragut et al.
2005; Menezes 2010 in Guiry 2020), and China and Tai-
wan (Liu and Hu et al. 2012; Shao 2003-2014 in Guiry
2020) (Fig. 4A). Reported from Lake Tanganyika be-
tween Kigoma (Tanzania) and Mpulungu (Zambia) (Vu-
orio et al. 2003), and near Kigoma as Didymocystis cf.
bicellularis by Cocquyt and Vyverman (2005).

Order Chlorellales
Family Oocystaceae

Didymocystis comasii Komarek (1983)

Figure 2B

New records. D.R. CONGO ¢ Sud-Kivu, Uvira, Lake
Tanganyika; 03°25.648'S, 029°07.969'E; 775 m a.s.l;
surface water; CHOLTIC expedition members leg.; CCA
numbers in BR: 26 Aug. 2011; CCA 1602; 7 Sept. 2011;
CCA 1618; 13 Sept. 2011; CCA 1626, 20 Sept. 2011; CCA
1634; 27 Sept. 2011; CCA 1642; 4 Oct. 2011; CCA 1650;
12 Oct. 2011; CCA 1658; 18 Oct. 2011; CCA 1666; 25 Oct.
2011; CCA 1674; 1 Nov. 2011; CCA 1682; 15 Nov. 2011;
CCA 1698; 22 Nov. 2011; CCA 1706; 29 Nov. 2011; CCA
1714; 6 Dec. 2011; CCA 1722; 13 Dec. 2011; CCA 1730;

587

20 Dec. 2011; CCA 1738; 27 Dec. 2011; CCA 1746; 3 Jan.
2012; CCA 1754; 10 Jan. 2012; CCA 1762; 17 Jan. 2012;
CCA 1770; 24 Jan. 2012; CCA 1778; 1 Feb. 2012; 1786; 7
Feb. 2012; CCA 1794; 14 Feb. 2012; CCA 1802; 21 Feb.
2012; CCA 2165; 28 Feb. 2018; CCA 2171; 6 Mar. 2012;
CCA 2177; 13 Mar. 2012; CCA 2183; 20 Mar. 2012; CCA
2189; 27 Mar. 2012; CCA 2195; 3 Apr. 2012; CCA 2201,
24 Apr. 2012; CCA 2219; 3 May 2012; CCA 2225; 8 May
2012; CCA 2231; 22 May 2012; CCA 2243; 29 May 2012;
CCA 2249; 5 Jun. 2012; CCA 2256; 12 Jun. 2012; CCA
2262; 19 Jun. 2012; CCA 2268; 26 Jun. 2012; CCA 2274,
3 Jul. 2012; CCA 2280; 10 Jul. 2012; CCA 2286; 17 Jul.
2012; CCA 2292; 24 Jul. 2012; CCA 2299; 31 Jul. 2012;
CCA 2305; 7 Aug. 2012; CCA 2311; 14 Aug. 2012; CCA
2317; 21 Aug. 2012; CCA 2323; 28 Aug. 2012; CCA 2329;
4 Sept.2012; CCA 2335; 11 Sept. 2012; CCA 2341; 18
Sept. 2012; CCA 2348; 28 Sept. 2012; CCA 2354; 2 Oct.
2012; CCA 2360; 9 Oct. 2012; CCA 2366; 16 Oct. 2012;
CCA 2372; 24 Oct. 2012; CCA 2378; 30 Oct. 2012; CCA
2384; 6 Nov. 2012; CCA 2390; 13 Nov. 2012; CCA 2396;
20 Nov. 2012; CCA 2402; 27 Nov. 2012; CCA 2408; 4
Dec. 2012; CCA 2414; 11 Dec. 2012; CCA 2420; 18 Dec.
2012; CCA 2427; 24 Dec. 2012; CCA 2433; 2 Jan. 2013;
CCA 2439; 8 Jan. 2013; CCA 2445; 15 Jan. 2013; CCA
2451; 22 Jan. 2013; CCA 2457; 29 Jan 2013; CCA 2463;
5 Feb. 2013; CCA 2469; 12 Feb. 2013; CCA 2475; 19 Feb.
2013; CCA 2481; 26 Feb. 2013; CCA 2487; 6 Mar. 2013;
CCA 2844; 12 Mar. 2013; CCA 2851; 19 Mar. 2013; CCA
2858; 26 Mar. 2013; CCA 2865; 2 Apr. 2013; CCA 2872;
9 Apr. 2013; CCA 2879; 16 Apr. 2013; CCA 2886; 23 Apr.
2013; CCA 2893; 29 Apr. 2013; CCA 2900; 7 May 2013;
CCA 2907; 14 May 2013; CCA 2914; 24 May 2013; CCA
2921; 28 May 2013; CCA 2928; 4 Jun. 2013; CCA 2935;
11 Jun. 2013; CCA 2943; 18 Jun. 2013; CCA 2950; 25
Jun. 2013; CCA 2957; 2 Jul. 2013; CCA 2964; 9 Jul. 2013;
CCA 2971; 23 Jul. 2013; CCA 298S5; 29 Jul. 2013; CCA
2992; 6 Aug. 2013; CCA 2999; 13 Aug. 2013; CCA 3006;
20 Aug. 2013; CCA 3013; 27 Aug. 2013; CCA 3020; 3
Sept. 2013; CCA 3027; 17 Sept. 2013; CCA 3041; 24 Sept.
2013; CCA 3048; 1 Oct. 2013; CCA 3055; 8 Oct. 2013;
CCA 3062; 15 Oct. 2013; CCA 3069 ¢ Sud-Kivu, Uvira,
Lake Tanganyika; 03°24.945'S, 029°10.635'E; 775 m
a.s.l.; surface water; CHOLTIC expedition members leg.;
CCA numbers in BR: 26 Aug. 2011; CCA 1604; 7 Sept.
2011; CCA 1620; 13 Sept. 2011; CCA 1628; 20 Sept. 2011;
CCA 1636; 27 Sept. 2011; CCA 1644; 4 Oct. 2011; CCA
1652; 12 Oct. 2011; CCA 1660; 18 Oct. 2011; CCA 1668;
25 Oct. 2011; CCA 1676; 1 Nov. 2011; CCA 1684; 15 Nov.
2011; CCA 1700; 22 Nov. 2011; CCA 1708; 29 Nov. 2011;
CCA 1716; 6 Dec. 2011; CCA 1724; 13 Dec. 2011; CCA
1732; 20 Dec. 2011; CCA 1740; 27 Dec. 2011; CCA 1748;
10 Jan. 2012; CCA 1764; 17 Jan. 2012; CCA 1772; 24 Jan.
2012; CCA 1780; 1 Feb. 2012; 1788; 7 Feb. 2012; CCA
1796; 14 Feb. 2012; CCA 1804; 21 Feb. 2012; CCA 2167;
28 Feb. 2012; CCA 2173; 6 Mar. 2012; CCA 2179; 13 Mar.
2012; CCA 2185; 20 Mar. 2012; CCA 2191; 27 Mar. 2012;
CCA 2197; 3 Apr. 2012; CCA 2203; 10 Apr. 2012; CCA
2209; 17 Apr. 2012: CCA 2215; 24 Apr. 2012; CCA 2221;
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Figure 3. Number of cells of Desmodesmus bicellularis, Didymocystis comasii, and Didymocystis cf. inermis per ml lake water as observed
during the weekly monitoring in the pelagic and coastal zone of Lake Tanganyika near Uvira (D.R. Congo) between September 2011 and

October 2013.

3 May 2012; CCA 2227; 8 May 2012; CCA 2233; 22 May
2012; CCA 2245; 29 May 2012; CCA 2251; 5 Jun. 2012;
CCA 2258; 12 Jun. 2012; CCA 2264; 19 Jun. 2012; CCA
2270; 26 Jun. 2012; CCA 2276; 3 Jul. 2012; CCA 2282;
10 Jul. 2012; CCA 2288; 17 Jul. 2012; CCA 2294; 24 Jul.
2012; CCA 2301; 31 Jul. 2012; CCA 2307; 7 Aug. 2012;
CCA 2313; 14 Aug. 2012; CCA 2319; 21 Aug. 2012; CCA
2325; 28 Aug. 2012; CCA 2331; 4 Sept. 2012; CCA 2337,
11 Sept. 2012; CCA 2343; 18 Sept. 2012; CCA 2350; 28
Sept. 2012; CCA 2356; 2 Oct. 2012; CCA 2362; 9 Oct.
2012; CCA 2368; 16 Oct. 2012; CCA 2374; 24 Oct. 2012;
CCA 2380; 30 Oct. 2012; CCA 2386; 6 Nov. 2012; CCA
2392; 13 Nov. 2012; CCA 2398; 20 Nov. 2012; CCA 2404;
27 Nov. 2012; CCA 2410; 4 Dec. 2012; CCA 2416; 11 Dec.
2012; CCA 2422; 18 Dec. 2012; CCA 2429; 24 Dec. 2012;
CCA 2435; 2 Jan. 2013; CCA 2441; 8 Jan. 2013; CCA
2447; 15 Jan. 2013; CCA 2453; 22 Jan. 2013; CCA 2459;
29 Jan 2013; CCA 2465; 5 Feb. 2013; CCA 2471; 12 Feb.
2013; CCA 2477; 19 Feb. 2013; CCA 2483; 26 Feb. 2013;
CCA 2489; 6 Mar. 2013; CCA 2846; 12 Mar. 2013: CCA
2853; 19 Mar. 2013; CCA 2860; 26 Mar. 2013; CCA 2867;
2 Apr. 2013; CCA 2874; 9 Apr. 2013; CCA 2881; 16 Apr.
2013; CCA 2888; 23 Apr. 2013; CCA 2895; 29 Apr. 2013;
CCA 2902; 7 May 2013; CCA 2909; 14 May 2013; CCA

2916; 24 May 2013; CCA 2923; 28 May 2013; CCA 2930;
4 Jun. 2013; CCA 2937; 11 Jun. 2013; CCA 2945; 18 Jun.
2013; CCA 2952; 25 Jun. 2013; CCA 2959; 2 Jul. 2013;
CCA 2966; 9 Jul. 2013; CCA 2973; 16 Jul. 2013; CCA
2980; 23 Jul. 2013; CCA 2987; 29 Jul. 2013; CCA 2994; 6
Aug. 2013; CCA 3001; 13 Aug. 2013; CCA 3008; 20 Aug.
2013; CCA 3015; 27 Aug. 2013; CCA 3022; 3 Sept. 2013;
CCA 3029; 10 Sept. 2013; CCA 3036; 17 Sept. 2013; CCA
3043; 24 Sept. 2013; CCA 3050; 1 Oct. 2013; CCA 3057;
8 Oct. 2013; CCA 3064; 15 Oct. 2013; CCA 3071.

Identification. Coenobia are composed of two cells.
Cells are more or less spindle-like and shortly conical at
the ends. Both cells of the coenobium are connected par-
allel on the ventral side. Cell wall is smooth except for
an irregular granulation forming a transapical ridge near
both cell ends. Sometimes both ridges are connected by a
longitudinal ridge on the dorsal side of the cells. Brown-
ish incrustations are often present giving the coenobia a
typical color. One parietal chloroplast is present. A pyre-
noid was not observed, but according to Komarek (1983)
a pyrenoid must be present although often indistinct or
invisible. Cell dimensions observed in the Uvira mate-
rials, 6.0-10.0 x 2.3—4.4 um, are somewhat larger than
those given by Komarek and Fott (1983), 6-9.2 x 1.2-2.5
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Figure 4. Geographical distribution of (A) Desmodesmus bicellularis, (B) Didymocystis comasii, and (C) Didymocystis inermis, represented by
the countries from which the taxa were reported from as given in the literature data, with exception of the reports from Lake Tanganyika.
(Map source: Wikimedia Commons, modified). Scale bar = 2000 km (equatorial scale).

pum.

Seasonal fluctuations. In the pelagic surface waters this
taxon reached it maximum with more than 500 cells per
ml at the end of June 2012, while a smaller peak was ob-
served in September 2012 with around 220 cells per ml
(Fig. 3). At four other occasions (September 2011, March
2012, October 2012 and September 2013) this taxon at-
tained more than 100 cells per ml. In the coastal surface
waters maximum densities of this taxon were observed
in September and October 2011, with 320 and 470 cells
per ml respectively, and in September 2013 with 200

cells per ml (Fig. 3). At three other occasions (Novem-
ber 2011, June 2012 and November 2012) this taxon at-
tained more than 100 cells per ml. Didymocystis comasii
was observed in most of the weekly taken phytoplankton
samples of the pelagic and coastal surface waters, with a
tendence of larger numbers of colonies in the coastal wa-
ters compared to the pelagic.

Ecology. Komarek & Fott (1983) reported this taxon
from detritus and free floating between aquatic plants of
small, slightly eutrophic watertanks where it was rare.
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Distribution. According to Komarek and Fott (1983) this
species was only reported from Cuba, but more recently
this taxon was also reported from the Netherlands (Veen
et al. 2015 in Guiry 2020) (Fig. 4B). Reported from Lake
Tanganyika near Kigoma (Tanzania) as Didymocystis cf.
comasii by Cocquyt & Vyverman (2005).

Didymocystis cf. inermis (Fott) Fott in Komarek (1973)
Figure 2C
Basionym: Dicellula inermis Fott

New records. D.R. CONGO ¢ Sud-Kivu, Uvira, Lake
Tanganyika; 03°25.648'S, 029°07.969'E; 775 m a.s.l.; sur-
face water; CHOLTIC expedition members leg.; CCA
numbers in BR: 26 Aug. 2011; CCA 1602; 7 Sept. 2011;
CCA 1618; 20 Sept. 2011; CCA 1634; 27 Sept. 2011; CCA
1642; 25 Oct. 2011; CCA 1674; 20 Dec. 2011; CCA 1738,
13 Mar. 2012; CCA 2183; and 03°24.945'S, 029°10.635'E;
775 m a.s.l.; surface water; CHOLTIC expedition mem-
bers leg.; CCA numbers in BR: 7 Sept. 2011; CCA 1620;
13 Sept. 2011; CCA 1628; 20 Sept. 2011; CCA 1636; 27
Sept. 2011; CCA 1644; 22 Nov. 2011; CCA 1708; 13 Dec.
2011; CCA 1732; 7 Feb. 2012; CCA 1796; 21 Feb. 2012;
CCA 2167, 20 Mar. 2012; CCA 2191; 23 Apr. 2013; CCA
2985.

Identification. Coenobia are composed of two cells. An
indistinctly delimited mucilageous layer which is often
surrounding the coenobium (Komarek and Fott 1983)
was not observed. Cell wall rough and ornamented with
irregularly distributed warts. One parietal chloroplast
present without pyrenoid. Cells dimensions observed in
the Uvira materials, 6.4-7.9 x 2.6—4.0 pm.

The observed cells differ from the description given

by Komarek and Fott (1983) in the smaller dimensions of
the cells (6.4-7.9 x 2.6—-4.0 um versus 8—13 x 3—6 pum),
and the coarser and less distinct irregularly distributed
warts on the cell wall.
Seasonal fluctuations. This taxon was only sporadically
observed during the phytoplankton analyses of the sur-
face waters of Lake Tanganyika. In the pelagic zone this
taxon was present in September, November and Decem-
ber 2011, February and March 2012, and April 2013 but
always with less than 10 colonies per ml (Fig. 3). In the
coastal samples up to 50 cells per ml were observed in
August 2011, but during the rest of the monitoring (Sep-
tember, October and December 2011, and March 2012)
never more than 20 cells per ml (Fig. 3).

Ecology. In the plankton of eutrophic water (Komarek
and Fott 1983).

Distribution. A distribution map of D. inermis (GBIF
Secretariat 2019) shows the presence of this taxon in the
Netherlands, Germany, and Estonia. However, Komarek
and Fott (1983) are convinced that this taxon is probably
more widely distributed in the temperate regions in Eu-
rope. Besides Europe, this species is also reported from
Brazil (Bicudo et al. 1999 in Guiry 2020) and China and
Taiwan (Liu and Hu et al. 2012; Shao 2003-2014 in Guiry
2020) (Fig. 4C). Didymocystis cf. comasii was reported
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by Cocquyt and Vyverman (2005) from Lake Tangan-
yika near Kigoma (Tanzania).

Discussion

In 1994, Hegewald et al. (1994) put Didymocystis inermis,
together with its var. minima Tell and D. polonica Bucka,
in synonymy with Scenedesmus costato-granulati Skuja.
However, a couple of years later, new research based
on ITS-2 ribosomal DNA data revealed that D. inermis
belongs not to Scenedesmus but indeed to an independent
genus (An et al. 1999). The cells of the taxon observed
in Lake Tanganyika have smaller dimensions and often
a smaller number of warts on the cell wall than D. iner-
mis. This may fall within the variability of D. inermis or
indicate that the cells belong to another unknown spe-
cies. We hope that in the future this can be demonstrated
through molecular analyses. However, such analyses are
not possible on the Lake Tanganyika material taken dur-
ing the weekly sampling between September 2011 and
October 2013 due to the preservation of the samples in
formalin.

Up to now, the three taxa discussed here have not
yet been reported for the African continent in published
databases (Guiry in Guiry and Guiry 2020) (Table 1).
In 2005, Cocquyt and Vyverman mentioned the pres-
ence of three Didymocystis taxa in the pelagic waters
of Lake Tanganyika near Kigoma, Tanzania (04°51.26'S,
029°35.54’E). These observations were done during a
biweekly phytoplankton monitoring of the lake from
February 2002 to February 2004. However, the identi-
fication in samples taken near Kigoma to species was
uncertain and were therefore referred to as “cf.” (con-
feratum) (Cocquyt and Vyverman 2005). Although the
same microscopic analysis method (Utermohl 1958)
was used, the 2002-2004 counts were made at a mag-
nification of 400 times and not at 1000 times as in this
study. The taxa referred to as Didymocystis cf. bicellu-
laris (Chod.) Kom., Didymocystis cf. comasii Kom., and
Didymocystis cf. inermes (Fott) Fott, are the same three
taxa as were observed in Lake Tanganyika, near Uvira
(D.R. Congo). Better observations in the materials from
Uvira allowed for the identity of two taxa, Didymocystis
cf. bicellularis and Didymocystis cf. comasii, to be con-
firmed as Desmodesmus bicellularis and Didymocystis
comasii, respectively.

The hypothesis that Desmodesmus bicellularis is
more common in coastal areas of Lake Tanganyika,
as suggested by Cocquyt and Vyverman (2005), could
not be confirmed. This hypothesis was put forward to
explain why the “Didymocystis” taxa were not observed
in an earlier phytoplankton studied in 1975 (Hecky et al.
1978) but reported from a phytoplankton study of pelagic
samples taken in 1998 between Kigoma (Tanzania) and
Mpulungu (Zambia) (Vuorio et al. 2003).

In general, the highest number of colonies of the three
discussed taxa was observed around the end of the dry
season (August—September). In the annual limnological
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Table 1. Overview of the Didymocystis and Pseudodidymocystis taxa and their distribution as given by Guiry in Guiry and Guiry (2020), n.i. if
not indicated. In bold taxa that are accepted taxonomically (Guiry in Guiry and Guiry 2020); taxa with an asterisk have not been subjected
to any kind of verification (Guiry in Guiry and Guiry 2020).

Europe Asia South Europe Asia South
P America P America
Didymocystis Pseudodidymocystis
bicellularis (Chodat) Komarek France China Brazil fina Komarek Germany Brazil
Germany Taiwan Netherlands Cuba
Netherlands inconspicua (Korshikov) Hindak Georgia
Portugal Germany
Scandinavia Netherlands
Under synonyms Spain India Slovakia
Britain Ukrainian SSR
Romania lineata (Korshikov) Hinddk Netherlands Brazil
Sweden ;
Ukraine Slovakia
L Ukrainian SSR
comasii Komérek Netherlands Cuba planctonica (Korshikov) E. Hegewald Germany China Brazil
costatodenticulata Hortobagyi* n.i. &Deason Netherlands Taiwan
costatogranulata (Skuja) Skuja* Netherlands Poland
grahneisii Heynig Netherlands  Taiwan Slovakia
Slovakia Ukrainian SSR
tuberculata Korschikov Netherlands
Synonym of inermis Ukrainian SSR
inermis (Fott) Fott Britain China Brazil
Bulgaria Taiwan
Czech Republic
France
Germany
Netherlands
Romania
Slovakia
Spain
Ukraine
polonica Bucka* n.i.
inconspicua var. minor Tella& C.G.Velez  n.i.
inermis f. simplex Hortobégyi n.i.
inermis var. danubialis Hortobégyi n.i.
inermis var. minima Tell n.i.
cycle of Lake Tanganyika, this is a period of second- References

ary upwellings when nutrient-rich deep-water layers are
raised towards the surface following the end of south-
ern trade winds inducing oscillations of water layers
(detailed information on the limnological cycle of Lake
Tanganyika can be found in Plisnier et al. 1999).
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Table A1. Collection dates and numbers of the phytoplankton samples, taken during the weekly monitoring from the surface waters in
the pelagic and coastal zone near Uvira, D.R. Congo, in which Desmodesmus bicellularis, Didymocystis comasii, and Didymocystis cf. inermis

have been observed.

Date Collection number pelagic site Collection number coastal site

Year Month Day D. bicellularis D. comasii D. cf. inermis D. bicellularis D. comasii D. cf. inermis
201 8 26 (CA 1604 (CA 1604 - (CA1602 (CA 1602 (CA1602
201 9 7 (CA1620 (CA1620 (CA1620 (CA1618 (CA1618 (CA1618
20M 9 13 (CA1628 (CA1628 (CA1628 (CA1626 (CA1626 -
201 9 20 (CA1636 (CA 1636 (CA1636 (CA1634 (CA1634 (CA1634
201 9 27 (CA1644 (CA 1644 (CA1644 (CA1642 (CA 1642 (CA1642
20M 10 4 (CA 1652 (CA 1652 - (CA 1650 (CA 1650 -
201 10 12 (CA 1660 CCA 1660 - (CA 1658 (CA 1658 -
201 10 18 (CA 1668 (CA 1668 - (CA 1666 CCA 1666 -
201 10 25 (CA 1676 (CA 1676 - - CCA 1674 (CA 1674
201 n 1 (CA 1684 (CA 1684 (CA 1682 (CA 1682 -
20M n 15 (CA 1700 (CA 1700 - (CA 1698 (CA 1698 :
20M n 22 (CA1708 (CA1708 (CA1708 (CA1706 (CA1706 -
201 1 29 (CA716 (CA1716 - (CA1714 (CA1714 -
20M 12 6 (CA1724 (CA1724 - (CA1722 (CA1722 -
201 12 13 (CA1732 (CA1732 (CA1732 (CA1730 (CA1730 -
201 12 20 (CA1740 (CA1740 - (CA1738 (CA1738 (CA1738
201 12 27 (CA1748 (CA1748 - (CA1746 (CA1746 -
2012 1 3 (CA1756 - - (CA1754 (CA1754 -
2012 1 10 (CA1764 (CA1764 - - (C(A1762 -
2012 1 17 - (CA1772 - CA1770 (CA1770 -
2012 1 24 (CA1780 (CA1780 - (CA1778 (CA1778 -
2012 2 1 (CA1788 (CA1788 - (CA1786 (CA1786 -
2012 2 7 (CA 1796 (CA1796 (CA 1796 (CA1794 (CA1794 -
2012 2 14 (CA 1804 (CA 1804 - (CA 1802 (CA 1802 -
2012 2 21 - (CA2167 (CA 2167 CCA 2165 (CA 2165 -
-2012 2 28 CCA2173 (CA2173 - (A7 CA2171 -
2012 3 6 (CA2179 (CA2179 - CCA2177 (CA2177 -
2012 3 3 (CA2185 (CA2185 - - (CA2183 (CA2183
2012 3 20 - (CA2191 (CA2191 (CA2189 (CA2189 -
2012 3 27 (CA2197 (CA2197 - (CA2195 (CA2195 -
2012 4 3 (CA2203 (CA2203 - (CA2201 (CA2201 -
2012 4 10 (CA2209 (CA2209 - - - -
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Date Collection number pelagic site Collection number coastal site

Year Month Day D. bicellularis D. comasii D. cf.inermis D. bicellularis D. comasii D. cf.inermis
2012 4 17 CCA2215 (CA2215 - - - -
2012 4 24 (CA2221 A2 - CCA2219 (CA2219 -
2012 5 3 (CA2227 (CA2227 - (CA2225 (CA2225 -
2012 5 8 (CA2233 (CA2233 - (CA2231 (CA2231 -
2012 5 22 (CA 2245 (CA 2245 - - (CA2243 -
2012 5 29 (CA2251 (CA2251 - (CA2249 (CA2249 -
2012 6 5 (CA2258 (CA2258 - (CA 2256 (CA2256 -
2012 6 12 (CA 2264 (CA2264 - - (CA 2262 -
2012 6 19 - (CA2270 - (CA 2268 (CA2268 -
2012 6 26 (CA2276 (CA 2276 - (CA 2274 (CA2274 -
2012 7 3 (CA 2282 (CA2282 - (CA 2280 (CA2280 -
2012 7 10 (CA 2288 (CA2288 - (CA 2286 (CA2286 -
2012 7 17 (CA2294 (CA2294 - (CA2292 (CA2292 -
2012 7 24 (CA 2301 CCA2301 - (CA2299 (CA 2299 -
2012 7 31 (CA 2307 CCA 2307 - (CA 2305 CCA 2305 -
2012 8 7 CCA2313 (CA2313 - (CA23M CCA231 -
2012 8 14 CCA2319 (CA2319 - (CA2317 (CA2317 -
2012 8 21 (CA2325 (CA2325 - (CA2323 (CA2323 -
2012 8 28 (CA2331 (CA2331 - (CA2329 (CA2329 -
2012 9 4 - (CA2337 - (CA2335 (CA2335 -
2012 9 n (CA2343 (CA2343 - (CA234 (CA2341 -
2012 9 18 (CA2350 (CA 2350 - (CA2348 (CA2348

2012 9 28 (CA 2356 (CA 2356 - (CA2354 (CA2354 -
2012 10 2 (CA 2362 (CA 2362 - (CA 2360 (CA 2360 -
2012 10 9 (CA 2368 (CA2368 - (CA 2366 (CA 2366 -
2012 10 16 (CA 2374 (CA2374 - (CA2372 (CA2372 -
2012 10 24 (CA 2380 (CA2380 - (CA2378 (CA2378 -
2012 10 30 (CA 2386 (CA 2386 - (CA2384 (CA2384 -
2012 n 6 (CA2392 (CA2392 - (CA2390 (CA2390 -
2012 n 3 (CA 2398 (CA2398 - (CA 2396 (CA2396 -
2012 n 20 (CA 2404 (CA 2404 - (CA 2402 (CA 2402 -
2012 n 27 - (CA2410 - (CA 2408 (CA 2408 -
2012 12 4 (CA2416 (CA 2416 - (CA2414 (CA2414 -
2012 12 n (CA2422 (CA2422 - (CA2420 (CA2420 -
2012 12 18 (CA 2429 (CA2429 - CCA 2427 (CA2427 -
2012 12 24 CCA 2435 (CA 2435 - (CA 2433 (CA 2433 -
2013 1 2 (CA 2441 (CA244 - (CA 2439 (CA2439 -
2013 1 8 (CA 2447 (CA 2447 - (CA 2445 (CA 2445 -
2013 1 15 (CA 2453 (CA2453 - (CA 2451 (CA 2451 -
2013 1 22 (CA 2459 (CA 2459 - - (CA 2457 -
2013 1 29 (CA 2465 (CA 2465 - (CA 2463 (CA 2463 -
1013 2 5 (CA 247 (CA2471 - (CA 2469 (CA 2469 -
2013 2 12 (CA 2477 (CA 2477 - (CA 2475 (CA 2475 -
2013 2 19 (CA 2483 (CA 2483 - (CA 2481 (CA 2481 -
2013 2 26 (CA 2489 (CA 2489 - (CA 2487 (CA 2487 -
2013 3 6 (CA 2846 (CA 2846 - (CA 2844 (CA 2844

2013 3 12 (CA 2853 (CA 2853 - - (CA 2851 -
2013 3 19 (CA 2860 (CA 2860 - (CA 2858 (CA 2858 -
2013 3 26 (CA 2867 (CA 2867 - (CA 2865 (CA 2865 -
2013 4 2 CCA 2874 (CA 2874 - (CA2872 (CA 2872 -
2013 4 9 (CA 2881 (CA 2881 - (CA 2879 (CA 2879 -
2013 4 16 (CA 2888 (CA 2888 - (CA 2886 (CA 2886 -
2013 4 23 (CA 2895 (CA 2895 (CA 2895 (CA 2893 (CA 2893 -
2013 4 29 (CA 2902 (CA 2902 - - (CA 2900 -
2013 5 7 (CA2909 (CA2909 - (CA 2907 (CA 2907 -
2013 5 14 (CA2916 (CA2916 - (CA2914 (CA2914 -
2013 5 24 (CA2923 (CA2923 - (CA2921 (CA2921 -
2013 5 28 (CA2930 (CA2930 - (CA2928 (CA2928 -
2013 6 4 (CA2937 (CA2937 - (CA2935 (CA2935 -
2013 6 n - (CA 2945 - (CA2943 (CA2943 -



594 Check List 17 (2)

Date Collection number pelagic site Collection number coastal site
Year Month Day D. bicellularis D. comasii D. cf. inermis D. bicellularis D. comasii D. cf.inermis
2013 6 18 (CA2952 (CA 2952 - (CA 2950 (CA 2950 -
2013 6 25 (CA2959 (CA 2959 - - (CA2957 -
2013 7 2 (CA 2966 (CA 2966 - (CA 2964 (CA2964 -
2013 7 9 (CA2973 (CA2973 - (CA297 (CA2971 -
2013 7 16 (CA 2980 (CA2980 - - - -
2013 7 23 (CA 2987 (CA 2987 - (CA 2985 (CA 2985 -
2013 7 29 (CA2994 (CA2994 - (CA2992 (CA2992 -
2013 8 6 - CCA3001 - (CA2999 (CA2999 -
2013 8 13 CCA 3008 (CA3008 - CCA 3006 (CA 3006 -
2013 8 20 (CA3015 (CA3015 - (CA3013 (CA3013 -
2013 8 27 (CA3022 (CA 3022 - (CA 3020 (CA3020 -
2013 9 3 (CA3029 (CA3029 - (CA 3027 (CA3027 -
2013 9 10 (CA3036 (CA 3036 - - - -
2013 9 17 (CA3043 (CA3043 - (CA3041 (CA3041 -
2013 9 24 (CA3050 (CA 3050 - (CA3048 (CA3048 -
2013 10 1 (CA3057 (CA 3057 - (CA 3055 (CA 3055 -
2013 10 8 (CA 3064 (CA 3064 - (CA 3062 (CA 3062 -
2013 10 15 (CA3071 (CA3071 - (CA 3069 (CA 3069 -




