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ABSTRACT:

ed the drfferent population dynamics of Moina minuta hatched fromi
rent dry environments (reservoirs and river) after rain, in'a semi- -arid region
, TBrazrl All the environments were lentic, because the amount of rain water
Was no nough to flow the river, and it only remained with a little lagoon, Percentage of
ephrppra females, parthenogenetre females, males and juveniles in populations were
analysed. Biometric measures were also developed, comparing body length in ephippial
and parthenogenetical females i in the reservoirs and the river studied. Results obtained in
¢ladoceran populations were correlated with environmental chemical variables. InSoledade
'reservorr a high proportion of females produced ephippia; while in the other reservoirs and
river the percentage of ephrpplal females was much lower.

, Key words: cladocera, resting eggs, populatron dynamics, semi-arid.

INTRODUCTION sizes are.bigger than those hatching from subitaneous
eggs. Because this they mature a few days earlier than
parthenogenetic females. Fecundity of the ephrppral
generatron is markedly higher:

In temperate regions the env1ronmenta1 cue to;
produce resting eggs is the photoperrod (8;°9), the
population densrty (8; 9), the decrease in food quantlty
(5) and in some cladocerans by ‘the” presen '
‘;allowmg thém to counter adverse conditions and to predators (11). ' : : ,
‘act.as dlspersal agents (4)., According Hairston & In northeast Brasil, severeral dams were
- Caceres (7),crustaceans found in inland water bodies,  constructed to decreasé the 1mpact of drought on.
fes ec1a11y those that ocasronally become dry,aremore  humans. Durmg normal years, these dams, espe
OSSES the blgger ones, keep water during dry seas
although their water levels strongly decrease,
stacean spec1es by the environments especrally dry years, these ‘environments’ bec

and asiresult of their phylogenetlc completelydry including somerivers. Little dams, )
always dry out durrng the drought sea:
happened during 1998 in Taperod Basin, a
region in northeast Brasil, where 3 dams
completely dried. After first rain, Moma
the first cladoceran species to appe
compared the different population ¢
minuta ecloded from ephippial eggs in
one river; that spent some months com
most environments water remam
cycle, after rain fall, but in
remained for approximate

hydrological
Dam, it only
. Nevertheless in
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disappeared from water
ng only as diapause stages in epphippia.
“of 'this ‘work was to compare the different
densrtres fecundities, percentage of male, juveniles,
; ephhrpplal females and corporal length-of the different
‘populatrons and to detect which environmental cues
are responsible for the formation of epphippial eggs in
M. minuta.

STUDY SITES

Taperod River - Is a temporary river in a semi-arid
region in Parafba state, in the northeast of Brazil. It
‘was dry for more than a year. After the first rain, some
pools. appeared - on 'its sandy bed. As rain was not
abundant, the river waters did not run and the
environment remaine M. minuta was collected
15 days after rain T only was present during
2 weeks after the fi ater, only copepods
and rotifers were pres '

Soledade Dam = Soledade is also located in
Taperod River Basin, but in a dryer re ion 'Thrs ‘dam
has maximum capacity of 27 058 000 m3. and was

completely dry for 3 years. The first sample was. done_
a week after rain fall. The next week this species

disappeared and one week after the dam was completely
dry again.
: Taperod Dam - Thrs is a Very large dam in the
same Basin. Water remamed in the dam durmg the dry
perrod until a month before the rain. After that, only a
litle pond remamed w1th water, on the deeper site. This
water was hypereutrophlc with a bloom of Euglena sp.
and the only. zooplankters present were 3 species of
rotifers, being Brachionus urceolaris the more
abundant. The rain was very abundant, and after 3
days the dam was ‘full. The first sample was taken 2
weeks after rain, when M. minuta was present in high
dens1t1es but one week later none were observed.
State Dam - This dam is about 3 Km from Taperod
Dam, and is very small (100 m x 30 m). It was completely
dry before the rain, and received water when the others
did. Nevertheless, as this dam is located downstream
of the other, received less water. In this dam the first
sample was collected two weks after the rain and M.
minutaremained here one week more than in Taperoa
Dam

- MATERIALANDMETHODS

les;were f1rst collected 7 and 15 days after

each environment
three replrcates were collected aterial was preserved
w1th a 4% formol solut1on satured with sugar.
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measurements of body length in adults and Juvemle
M. minuta. Males were not 1ncluded To dlscrrmmat
between juveniles and adults, we measured ad‘
ovigerous females's length and cons1dered all lowe
values as juveniles. :

-Densities represent the 1 mean of 3 replrcates

. Pearson correlation was used to correlate

densities, and percentage of stages-and sex proportron
inpopulations with physical and chemical parameters
in the environments. Only the first sample was suitable
for correlation analysis as in later samples M. mmum
was not found in Soledade Dam and Taperoa Dam.

Analysis of fecundity and growth rates were also
performed. Fecundity was estimated from the followmg
equation, F= E x (A+), where E is medrum number of

A R

eggs A is adult females and (A+) is adult females w
eg gs/embryos Growth rate was obtained by th
equation: r=Ln N1 - Ln NO, where N1 is the flnal
G aso , :
populatro 1 density and NO is the initial one, t1 is the
f1nal time and‘ ¢ t0 the initial time. i

Chemrcal ar1ables were analysed followr
standard methods Total phosphorus and chloride (l)'
sulphate (6); srhcate n1tr1te and amomum (10) nitr
(12) and dissolved oxygen (6)

After the start of the rain in the semi ar1d reglon'
studied, water remained in ponds and in the river, until
the rest of the season, exceptin Soledade Dam; where
the rainfall was less and about 20 days after rain fall all
water dlsappeared : .

- The active life-cycles of M. minuta were ve
short. In the four environments analysed, supposmg
that this species hatched as soon as it rained, M. mi-
nuta was present in the water column less than 403,
days. 12 days after ephlppral eggs be produced '
mmuta was not seen agam In Soledade Dam and, i
7 and 15 days respectrvely after rain fall In State Dam ]
and Taperod River, eph1pp1a were produced' :
aproximately on day 27. , :

In State Dam, M. mmuta populatron dynamlcs
changed during the t1me th1s species. was actrvely
present in water column. Fecundlty values, percentage
of juveniles and percentage of males decreased from
day 15 to day 27 Eph1pp1al eggs were observed only
on day 27 (Table D. Dens1ty shghtly increased from
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on day. ;15"~ but. notlater (day 27). The
yele in this populatlon was shorter than in
‘Fecundrty values; percentage of juveniles
were lower than those observed -at State
the other hand, densities and percentage of
uta in the zooplankton commumty were higher,

edto State Dam, but lower than in the other

In thrs pond there was fittle'w
and it completely drsappeared
(aprox1mate11y 19 days) The activ
qurcker in this pons, less. than 19 days :
of M. minuta in the commumty was higher. th,
other env1ronments and density values wer ]
exceeded by those of Taperoa River on day 27 (Tablf ;

D.

7 TSTATE DAM | TAPEROA DAM | SOLEDADE DAM TAPEROA RIVER
iy 15 day27 | day 15 | day27 | day7 | aay ro__ _da;g@__:is' -dayza':_
1.19 0.23 . 089 _. _;
2289 60.15 82‘52 |
0.65 | ‘377 337, |
1.69 | 4118
079 -0.93

11.80 | 13330 O 664.90 .0'::"_ 124367

32.18 0 61.96 .

n Taperod River the fecundity value on the first
le was the highest in all study, F=10.63, resulting
percentage of juvenile of the second sample
hlghest of all samples in the study. Male

than'that observed at State Dam. Densities
ed here the highest values on day 27, although
er ntage of this species in the community was
 is due to the presence of the colonial rotlfer
ussp.; present in high densmes M. minuta
second most abundant species.

ysing the body.length of M. minuta in the
ronments by ANOVA, we detected significant
between adult females of Taperod Dam and
'ther environments (p<0 001) (Table II), being
th always shorter in Taperod Dam. Significant
nces were also observed between Soledade Dam
[ aperod River (F 1, 107 =12. 81 p<0, 001) being M.

gc was similar to those in Soledade Danm, and

al - Populational parameters in M. minuta in the four environments analysed

minuta bodies larger in Taperod River. In the two
environments where was possible to compare body
length over time (Taperod River and Taperod Dam) '
there were no signifficant differences among
populations. Juveniles showed different patterns in
body length. The only environments that showed no
significant differences in juveniles's body leng were
Taperod River and Taperod Dam, all other pairs of
environments presented significant differen'ce“s",k’(Table
IT). The mean body length values of Juvemles were
higher in State Dam (0.534 mm), follow : by values of
Soledade Dam juveniles (0. 495 mm). The lower mean
value was obtained at Tapero: Dar{n,(O 438 mm).

) ovigerous females and
(the only one wrth
nt. quantrty to compa-
] 1flcantly larger (Table

‘ephippial females in Soledad

both Kind of females i in: su
re), ov1gerous females wer
).
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length {pm) N

731.8/586.3

731.8 /701 6

731877644

: poem' Damf'T’ipemd River

586.3/764.4

| Taperod Dam / Soledade Dam

586.3/701.6

701.6/764.4

| Soledade Dam/ l'aperod River
Juvcmlcs :

Soledade Dam - females

'St'a'_.'t_e'-Dfim' aperod Dam 534.0/438.5|52/42 ).0K

| State i ade Dami 534.0/495.2:52/56| 15.99 ["<0.001

o btateDam!-' aperod River 534.0/442.5152/53 | 65.01°] €0.001
.T_aperoa Dam / Taperod River [438.5/442.5 42/53| 011 .|  ns.

] : n/ Soledade Dam | 438.5/495.2[42/56] 33.53 | <0.001

So]e(lade Dam / Taperoa River [495.2/442.5]56/53] 20.25 | <0.001

Ephippiul / ovigerous 671

Tabela 2. Coeficientes de correlagio entre os seis primeiros eixos da ordenacéo por componentes prine

pais e os descritores ambientais.

3.1/ 7482|57750| 6891 | <0.001

sifigals
1.00
_ -0.1al LG
| silicate’ -0.080 | -0.449 . 1.00 ; 0
504 |- 1-0.0461 0.704 41266 | 100
N3 [0, 348 | 0543 | T0.9947% | 0253 0007 0.640 1 1.00
| NO2 |-0.259 0.204 | 0.969% . 0471 -0371! 100 .
N4 [-0623] 0 0.972% | -0.079 | - L0710 094910257 | 1400
La-lasin].o. 0.981* | 0230 | -0.200 | 0.616  0.974 | -0.393 [ 0.988* | 1.00-
02 -] 0031 [0 0668 | -0.230 | -0.361 | -0.802 [-0.662 | -0.264 | 0.533.| 0513
Gloa | 0:0387-0.576° (0835 | -0.642 | 0318 | 0.257 { 0.894 | -0.694 | 0.742-] 0.835 |«
_phac ]-0124| 068 0002 | -0.59% (148 | 0304 [ 0926 | -0.691 | 0826 0904--

Table 111 - Pearson's correlat1on analys1s among M. minuta populational parameters and chem1cal factors N—4 *

means p <0.05.** means p< 0.01.

State Dam | Taperod Soledade Dam .| Taperoa River
Dam ’ :

Total P (mg/l) i 0.15 0.49 i.00.15 0.09
Silicate (mg/) 28.00 ':36.57 .42.60 94.83
Sulfate (ug/y 638 : 7766.09 69.04 " 18.88
Nitrate (ng/l) 24133 423.00 1549.67 539.67
Nitrite‘(ug/l‘)’ 19.41 : 131;48 12.34 26.31
Amonium tpyl) — 499.50 674.56 ' lSl3.25 374.50
chroride (mg/h) 17285 198.46 190134 = 13442
nissgh}. oxygen (mg/l) 78| TR T197] . k 3.31

Table IV - Chemical parameters inall environments analysed
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. ‘Chemical parameters showed some d1fferences
among environments, partrcularly in Soledade Dam
where values for mtrate amomum and chlor1de Were
the h1ghest (Table IV) ST R

In all envrronment mmum ‘ecloded from
eph1pp1a since all of them were completely dry before
rain fall: Nevertheless their life hrstory was different
among the dams and the river. This spec1es only Was:‘
presentin the water for 19 (Soledade Dam) and 27days



: rence of the organrsms from the
nt we correlated biological with
ental parameters This shows that the
n of sexual eggs was positively correlated with
monium and chloride concentrations. Density
Iso positively ‘correlated with ‘ephippia
e, showing that crowding induced ephippia
; 1on as well as occurs in’ Daphnia (9) Once
‘pra were produced populatron densities began
ine and about 10 days later the populatrons
letely disappeared.

‘As in Soledade Dam, the water remamed less
than in the other environments analysed, and the
r presented more salts the induction of ephippia
uction in the females in the population was high.
rtheless, in this dam were produced the higher
out of juveniles and the population reached higher
nsities on first sample. This show that the
ironmental condition can induce more or less the

appeared from the watef column, so other factors

bably food, or other biotic factors can be 1nvolved
M. minuta disappearence. Decreases in food
ntity induces resting egg formation in rotifers (5),
s:could-happen in the study sites after rain.
hytoplankton populations probably highly increased
‘om diapause stages, allowed M. minuta to'increase
ulation densities, and collapsed dué to overgrazing
cladocerans and other organisms 'in the
nvironments. When densities of M. minuta reached
igh values the kind of eggs were changed from
arthenogenetrcal to ephlppra We will do further
search to find answers.

~ When body length . of ovigerous and ephippial
males was compared, significantly differences
were obtained, being ephippial females smaller than
the others. This could mean thatthe females spent
;nore energy producing ephippia than producing
normal eggs or that ephippial females were youngers
«,han the others.:As comparatlons were done in the
same dam and at the same time, food did not
influenced this body length. Experimental tests must
be developed to find out why eph1pp1al females were
g>horter than the others. ~

‘ To conclude, when ephippia began to ‘be
produced asexual fecundity values strongly decreased
in-all sites and ‘consequently the percentage of
Juvenlles resulting in the complete disappearence of
the species few days later. This species presented a

short active life cycle in all study sites and was

negatlvely affected by populatron densities, amonium,
mtrate and chloride concentrations.

he river). To know which
b1ologlcal factors ' were respon51ble

‘rentes dinAmicas. pop

wer of M. minuta dynamics. All the envrronments k
‘Soledade Dam remained with water andM minuta

yond chemical parameters must be 1nvolved i

‘Compal

de qua
semi-arida do Bi

eclodidas de efipios em d
(agudes e tio), ap6s o int
sermi- 4rida da Parafba-Brasil. Todos
ram lénticos porque a quantidade d a
néo foi o suficiente para o rio correr, produz
nas uma pequena lagoa. A percentagem ¢
ef1p1a1s fémeas partenogenéticas, machos eju
na populacao foram analisados. Medidas b10metr1cas%~
também foram realizadas, comparando o comprrmento '
do corpo em fémeas afipiais e partenogenéticas nos

agudes e no tio analisados. Os resultados obtidos nas-
populacdes de claddceros foram correlacionados com

pardmetros quimicos ambientais. No Acude de

Soledade uma maior propor¢do de fémeas produziu

efipios, enquanto nos outros agudes e no rio essa per-

centagem foi menor.

‘Palavras chave: cladocera, ovos de resisténcia, dina-

mica populacional, semi-drido
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