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ABSTRACT

Brachionus is an suitable live foods for fishesséaof Brachionidae family, in the present studgrirgnd intera-
population variations of two species of family Bremmidae were investigated. For this purpose 9Qviiddials of
geographical populations of these species wereectdtl from different parts of Arak country and éaich habitat
five ecological factors were examined. Totally efejuantitative morphological characters were exsdi from
Lorica. The ANOVA test and also one-sample T-thstved significant difference for some morphological
characters. In interpopulation section, 10 individisl were selected randomly for each populationividdals were
separated from each other in PCO, PCA, CA plots BMRGMA tree. Significant correlations negative/pivei
found between some of morphological characters wstitidied ecological factors of habitat. In additiorariations
in morphological characters were seen between ims and they were separated in CA plot and &lB&MA
tree. Ecological factors were different between iteip Therefore habitats were separated in UPGMAetand
PCO, PCA, CA plots. This subject confirmed effdctifferent ecological factors on phenotypic plesyi of
populations.

Keyword: Ecology,Brachionidae, Species, Populations.

INTRODUCTION

Rotifers as heterotrophic, microscopic, multicaludnd diverse are abundance organisms which mpesemlmost
aquatic ecosystem, they play important role ass#wond link of water food chain [1]. Rotifers atgcacommonly
found on mosses and lichens growing on tree tramkisrocks, also they may be found in rain guttes puddles,
in soil or leaf litter, on mushrooms growing neaad trees, in tanks of sewage treatment plants,eaad on
freshwater crustaceans as well as aquatic inseeadal[2]. The variation and density of Rotifers aquatic
ecosystems are useful in ecological aspects, wamigicator and fishery economy [3]. Difference ineth
morphological traits which seen in different indivals of a same species is an epigenetic varigtaresponse to
various environmental condition and different egital factors is an aspect of phenotype plastipity5]. The
genusBrachionusbelongs to Brachionidae family comprising of 2@aips in Iraft In present study, in order to
compare the effect of different ecological factors morphological features of these organisms, #@ividuals of
nine geographical populations of two specEschionus uceolariand Brachionus quadridentatusvere examined
at inter and intra-population levels.

MATERIALS AND METHODS
The rotifer collection was done with the help dftandard plankton net Hydrobios, Kiel; pB mesh size through

vertical and horizontal hauls at about 20 centamebelow the water surface level. Sampling wasdoom June
2012 to May 2013. The collected samples were predein small bottles including 7% glycol-alcohoketh
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transferred to the biological laboratory of Arakitbrsity. The genuBrachionuswere separated from other genus
and were identified based on funesticaly study whth help of Olympus-BX51 microscope, based onalakiand
avdlable references such a&ard and Whipple[7] Sharma and Miche[8Five geographical populations of the
speciesBrachionus uceolarisand four populations of the specieBrachionus quadridentatusvere randomly
collected with 10 repetitions. Eleven quantitatimeorphological characters examined between and rwithi
populations. Five ecological features such as todgi (E°), latitude (N°), elevation (in meter), eage of
temperature (in C°) and pH were examined of eadditdta Longitude, latitude and elevation were chitad with
Garmin GPS and averages of temperature for eachlgtag were extracted from of meteorology orgatiiwa of
Arak county.

The mean of morphological characters of each pdipuk were standardizes (means=0, variance=1) aed for
multivariate analysis including UPGMA (Unweightediféd Group Using Average Method). Principal Cooati
Analysis (PCA).Analysis of variance (ANOVA) test svperformed to assess significant difference imtjtaive
morphological characters among populations. Pearsoaoefficient of correlation was determined betwee
guantitative morphological characters with ecolagifeatures of the population's habitat per yeashow their
possible relationship between them.

RESULTS

In this study, different populations of two species the genusBrachionus namely B. uceolaris and B.
guadridentatusvere identified and collected from different eviments. This study was done in two levels, among
(intra) and between (inter) species. Inter spesiady carried out at inter and intra-populationgels. Totallyfive
populations oB. uceolarisand four population®8. quadridentatusvith ninety individuals were examined.

Intrapopulations study of B. quadridentatus

Quantitative morphological feature varied betweaedividuals and ANOVA test performed between these
characters showed significant difference (p<pfob all examined features such as lorica lenfgitica width,
antero midian spin, distance-antero midian spiteranlateral spin, distance—antero lateral spiteranintermediate
spin, distance-antero intermediate spin, foot llentgies length and occipital median spin. In additione- sample
T-test showed significant difference for all exagdrcharacters (Table 2, 3).

Tablel. Habitat Characteristics of studied populatbns

Populations | Sampling Stations | Longitude (N) | Latitude (E) | Altitude | Abbreviation
1 Baghvahsh Pool 34°06'98 49°45°52 1731m B.V
2 Karahrod Fountain 34°034°14 49°38°44 1810m Gh, Ka
3 Kelaleh Dam 34° 03°36 49°36°55 1938m S.K
4 Kellaleh Sinkholes 34° 03’51 49°36°02 2020m A.K
5 Amir kabir Pool 34°04'87 49°03'68 1763m A.Ka
6 Serahkhomein Pool 34° 04°33 49°46°33 1723m Se.k
7 Daneshjo Pool 34° 05'43 49°42°28 1750m P.D

Table 2.0ne-SampleT-test of quantitative morpholiogal of B.quadridentatus

Test Value =0
. . . Mean 95% Confidence Interval of the Differenge
Morphological characters t df  Sig. (2-taile j)Difference Lower Upper
lorica length 34.105 43 .000 169.35000 159.3361 363D
lorica width 34.285| 43 .000 140.45682 132.1949 1187
antero midian spin 43.060 483 .000 20.113p4 19.1716 21.0556
distane-antero midian spin 34.130 43 .000 20.32045  19.1198 21.5212
antero-intermediate midian spin 34.002 #3 .000 1636 15.0617 16.9610
distance-antero intermediate midian spin  34.268 |43 .000 51.97273 48.9141 55.0313
antero lateral spin 37571 43 .000 17.218[18 16.2940 18.1424
distance-antero lateral midian spin 36.194 143 .000 | 71.66591 67.6727 75.6591
toes length 52.47% 438 .000 77.37727 74.4035 80.3510
foot length 41.906] 49 .000 5.4738¢ 5.2104 5.7373
occipital median spin 33.018 48 .000 61.36455 F061 65.1132

Significant correlations positive or negative ogedrbetween morphological features of individuaighecological
factors of habitat for example a positive significaorrelations (p<0.01, r=0.56) found betweencariength with
north distribution, lorica length had significantégative correlations (p<0.05, r=-0.35) with eastriiution and
positive significant correlations (p<0.01, r=0.%&)curred between lorica length with temperature @sd positive
significant (p<0.01, r=0.56) width lorica with rbrdistribution width lorica had significant negagiwith east
distribution, positive significant width lorica kittemperature (p<0.01, r=0.74), negative significamtero midian
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spin with east distribution (p<0.01, r=-0.52), pb<0.05, r=-0.30). A positive significant corretats found
between distance-antero midian spin with northrithistion (p<0.01, r=0.56), temperature (p<0.01,.74), and also
distance-antero midian spin had significant negatiith east distribution (p<0.05, r=-0.34), A go& significant
correlations found between antero intermediate wjiiin north distributions (p<0.01, r=0.47), tempera (p<0.01,
r=0.64), antero midian spin had negative significaorrelation (p<0.01, r=-0.40) with east distrioant A negative
significant correlation (p<0.01, r=-0.53) found Wween distance-antero intermediate spin with eastrilstion and
also positive significant(p<0.01, r=0.53) antertetal spin with east distribution, distance-antiteral spin had
significant positive correlations with north diswition (p<0.01, r=0.51), habitat elevation (p<0.0%0.3),
temperature (p<0.01, r=0.74) , also negative Sicanit correlation(p<0.01, r=-0.42) distance-antateral spin with
east distribution. A positive significant corrédat found between foot length with north distition (p<0.01,
r=0.53) and temperature (p<0.01, r=0.72) also pwsltive significant correlations toes length hwviemperature
(p<0.05, r=0.36), pH (p<0.01, r=0.44), A positivigrsficant correlation occurred between occipit@dian spin
with north distribution (p<0.01, r=0.55) and temgteire (p<0.01, r=0.72). also negative significanthweast
distribution (p<0.05, r=-0.36). Studied individualsere separated from each others in UPGMA tree of
morphological features (Figl). also PCO plat showigth difference between individuals of populati@specially
in Karahrod Fountain population (Fig 2).

Table3.ANOVA test of quantitative morphological chaacters of B. quadridentatus

Morphological characters Sum of Squales |df MeammfBgu F Sig.

Between Groupg 31067.850 3 10355.950 26.585 J000
Lorica Length Within Groups 15581.600 40 389.540

Total 46649.450 43

Between Groupg 21069.228 B 7023.076 26.292 000
Lorica Width Within Groups 10684.840 40 267.121

Total 31754.068 43

Between Groupg 256.710 B 85.570 21.927 .000
Antero Midian Spin Within Groups 156.102 4 3.903

Total 412.812 43

Between Groupg 447.575 B 149.192 26.749 .p00
Distane-Antero Midian Spin Within Groups 223.096 4 5.577

Total 670.672 43

Between Groupsg 251.228 B 83.743 19.901 .00O
Antero-Intermediate Midian Spin Within Groups 168.316 A( 4.208

Total 419.544 43

Between Groupg 2884.158 B 961.386| 26.198 .poo
Distance-Antero Intermediate Midian SpjnWithin Groups 1467.889 4 36.697

Total 4352.047 43

Between Groupg 187.556 B 62.519 11.919 .p00
Antero Lateral Spin Within Groups 209.809 4 5.245

Total 397.365 43

Between Groupsg 5109.648 B 1703.21¢ 29.516 000
Distance-Antero Lateral Midian Spin Within Groups 2308.191 4 57.705

Total 7417.839 43

Between Groupsg 2159.445 B 719.815 14.732 .p00
Toes Length Within Groups 1954.373 4 48.859

Total 4113.817 43

Between Groupsg 8.081 3 2.694 4.4%2  .Q09
Foot Length Within Groups 24.201 44 .605

Total 32.282 43|

Between Groupg 4300.432 B 1433.477 25.636 000
Occipital Median Spin Within Groups 2236.631 4 55.916

Total 6537.063 43

Interpopulation study B. quadridentatu

In this section average amounts of each morphabgibaracter used for examination of variationsween

populations. Significant correlations positive aggative occurred between average amounts of margical

features with ecological factors of habitat for mpde a positive significant correlation (p<0.01; 8:99) found

between foot length with temperature. Studied paths were different in morphological characterd aeparated
from each other in UPGMA tree as well as CA play(8, 4).

Intrapopulations study of B. uceolaris

were studied quantitative morphological featuréedibetween individuals and performed ANOVA telsbwed
significant difference (p<0.05) for all featunech as lorica length, lorica width, antero midiains distance-antero
midian spin, antro lateral spin, distance—anteterd spin, antero intermediate spin, distanceranigermediate
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spin, foot length, toes length and occipital madipin. But one- sample T-test showed significadif¢i@nce for all
examined characters (Table 4, 5).

Table4.0One-SampleT-test of quantitative morpholiogial of B. uceolaris

Test Value =0
Morphological characters t df  Sig. (2-tailefl) _Mean 95% Confidence Interval of the Differenge
Difference Lower Upper
Lorica Length 49.044| 54 .000 189.03 181.31 196.76
Lorica Width 53.737| 54 .000 141.180Q0 135.9127 4483
Antero Midian Spin 46.843| 54 .000 27.80000 26.6101 28.9899
Distane-Antero Midian Spin 53549 54 .000 28.14545 27.0917 29.1992
Antero-Intermediate Midian Spin 24570 %4 .000 7818 14.3988 16.9575
Distance-Antero Intermediate Midian Spjn  53.005 |53 .000 70.52593 67.8572 73.1947
Antero Lateral Spin 25.180 54 .000 17.04545 15.6883 18.4026
Distance-Antero Lateral Midian Spin 53.280 b4 .000 | 70.54727 67.8926 73.2019
Toes Length 112.09 54 .000 128.40000 126.1035 6986.
Foot Length 21.920, 54 .000 8.62364 7.8349 9.4124
Occipital Median Spin 51.554 54 .000 29.82000 28%66 30.9797

Table5.ANOVA test of quantitative morpholiogical characters of B. uceolaris

Morphological characters Sum of Squales |[df MearaBy F Sig.

Between Groupg 19245.514 3 6415.171 11.y00 000
Lorica Length Within Groups 21932.982 40 548.325

Total 41178.495 43

Between Groupg 11067.153 3 3689.051 18.840 000
Lorica Width Within Groups 7832.289 4 195.807

Total 18899.443 43

Between Groupsg 428.646 B 142.882 17.083 .p0OO
Antero Midian Spin Within Groups 334.558 A( 8.364

Total 763.204 43

Between Groupg 443.605 B 147.868 19.978  .p0O
Distane-Antero Midian Spin Within Groups 310.022 4 7.751

Total 753.627 43

Between Groupsg 162.515 B 54.172 3.657 .020
Antero-Intermediate Midian Spin Within Groups 592.533 4 14.813

Total 755.048 43

Between Groupsg 2819.045 B 939.682 20.052 .pOO
Distance-Antero Intermediate Midian SpjnWithin Groups 1874.496 4 46.862

Total 4693.542 43

Between Groupsg 228.565 B 76.188 3.049 .040
Antero Lateral Spin Within Groups 999.493 A( 24.987

Total 1228.057 43

Between Groupg 2844.057 B 948.019 19.355 .p00
Distance-Antero Lateral Midian Spin Within Groups 1959.251 4 48.981

Total 4803.308 43

Between Groupg 1033.770 B 344.590 5.346  .p03
Toes Length Within Groups 2578.462 4 64.462

Total 3612.232 43

Between Groupsg 201.630 B 67.210 21.252  .000
Foot Length Within Groups 126.502 A( 3.163

Total 328.132 43

Between Groupsg 538.845 B 179.615 19.269 .pOO
Occipital Median Spin Within Groups 372.860 A( 9.322

Total 911.705 43

Significant correlations positive or negative ocedrbetween morphological features of individuaithwecological
factors of habitat for example a negative significeorrelation (p<0.01, r=-0.39) found betweendarlength with
north distribution, lorica width had significant gegive correlations (p<0.01, r=-0.47) with nortistdbution and
negative significant correlation (p<0.01, r=-0.4&)curred between antero midian spin with northtritistion .A
negative significant correlation (p<0.01, r=-0.43)nd between distance-antero midian spin withimdistribution
and also positive significant antero intermediati svith north distribution (p<0.05, r=0.32), aldistance-antero
intermediate spin had positive significant (p<Q.640.95) with north distribution, A positive sidigant correlation
(p<0.05, r=0.36) was found between antero latgyal with temperature and pH (p<0.05, r=0.32), fleotgth had
negative significant correlation (p<0.01, r=-0.Adith temperature , also positive significant caateln with pH
(p<0.05, r=0.27), A positive significant correlatiovas found between toes length with north diatidn (p<0.05,
r=0.38) and pH (p<0.05, r=0.29) also negative digamt with habitat elevation (p<0.05, r=-0.29),enature
(p<0.01, r=-0.54), and occipital median spin hagn#icant negative correlations (p<0.05, r=-0.5)thwnorth
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distribution. PCO plot showed high difference begweéndividuals of populations especially in Kellal8inkholes
population (Fig 5). Individuals of all populatiomgere placed far from other in the mention diagréms subject
confirmed high variations in individuals morphologi characters.
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Figure.1.Morphological UPGMA tree of studied individuals populations speciesfd. quadridentatus
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Figure.2. PCO plot of individuals of studied populgions species oB. quadridentatus based on morphological characters

Interpopulation study B. uceolaris

In this section average amounts of each morphabgicaracter were used for examination of variatibatween
populations. Totally eleven qualitative morpholadicharacters were investigated. For example, Aahirkpool

population had shortest lorica length, lorica wjdthtero midian spin, distance-antero midian sgistance—antero
lateral spin, distance-antero intermediate spin aaodipital median spin. No significant differencbstween
average amounts of morphological features withagioél factors of habitat. Studied populations waiféerent in

morphological characters and separated from edwdr o1 UPGMA tree as well as CA plot (Fig 6 and 7).
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Figure.3. UPGMA tree of populations species d8. quadridentatus based on morphological characters
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Figure.4 CA plot populations species oB. quadridentatus based on morphological characters
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Figure.5. PCO plot of individuals of studied populdéions species oB. uceolaris based on morphological characters
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Figure.6. UPGMA tree populations species dB. uceolarisbased on morphological characters
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Figure.7. CA plot populations species dB. uceolaris based on morphological characters

In addition, in the study, PCO plat as well as Aét gshowed high difference between individuals opplations
especially in Karahrod Fountain population (figs19). Individuals of all populations were far frosther in the
mention diagram this subject confirmed high vaoiasi in individuals morphological characters. Vaoias showed
in PCA plot and UPGMA tree between individuals pésiesB. quadridentatusn Karahrod Fountain populations
(figs8,9). Also in CA Plot were found Variations tiveen individuals of two specieB. uceolaris and B.
guadridentatusver an extended about of interactions inter gse@tig10).

Ecological study

Five environmental factors were examined for eaahitht including average temperature, elevatiohaifitat and
their longitude, altitude and pH. The mentionedlegical factors differed between stations and lzbitere
separated in ecological PCA plot (Figl2) and al¥8GWA tree of ecological factors (Figll). In the rien

diagram populations oB. uceolarisin Kellaleh Sinkholes habitat ar8. quadridentatusn Karahrod Fountain
habitant were far from each others. This subjectficoed difference and variation in ecological ciieesh of

habitats.
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Figure.8. Morphological UPGMA tree of studied individual's populations for two species
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Figure.9. PCA plot of individuals of studied populdions based on morphological characters for two spées

427
Pelagia Research Library



Alireza Shayestehfaret al

Euro. J. Exp. Bio., 2014, 4(1):420-430

Axis 2

CA case scores
AKa(u)7

40—

AKKED)3
.Ka(u)s 3.2
AKa(u)a 247

A
Awﬁ%w 1.6 Gﬁilﬂq}qﬁ

Figure.10. CA plot of individuals of studied populdions based on morphological characters for two sp&Es
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Figure.12. PCA plot of habitant ecological factor ér two species

DISCUSSION

Quantitative morphological characters had a sigaift variation between individuals and populatidhse, ANOVA
test and also T-test confirmed these variationsaddition, significant correlations positive or aége occurred
between some morphological features of inter amch-ipopulation with ecological factors of habitathich this
phenomenon confirmed the effect of different ecwlalgcharacters on populations phenotype about tthis
species. For example significant different werenfbun length and width lorica which was importamr f
determination of lorica shape. Amictic females #me life history stage of rotifers that is expogednatural
selective most of timfetherefore directional natural selection is presticto have various effects, If natural selection
in give population favors individuals with highealues of particular trait, then the population meatue of that
trait is predicted to increase from generationgoggations[10]. Some fairly obvious but others Esshat ought to
affect plasticity and Compare species (or popufgtibat vary with respect to ecological factorst theght cause
variation in how selection views plasticity[11]. N&tion were occurred in morphological traits ofpptation's
individuals, therefore samples of populations weaparated from others and placed separately. Earpopulation
investigation eleven quantitative morphological ralcéers of ten individuals of four populations &.
guadridentatusvere studied. Quantitative morphological featumead between individuals in population Karahrod
Fountain. Furthermore inter-populations study Bf quadridentatusshowed similarity between populations
Karahrod Fountain and Baghvahsh Pool. for intracetion investigation quantitative morphologichbcacters of
ten individuals of five populationB. uceolariswere studied. Morphological traits varied betwémrdividuals of
populations Kellaleh sinkholes, in the study igepulations oB. uceolarisshowed similar to between populations
Serah khomein, Kellaleh dam, Kellaleh sinkholes @&abhvahsh Pool. In some case, the arrangements of
populations in morphological and ecological ploted drees were similar. For example in UPGMA treés o
morphological character and ecological factor, pajons Kellaleh Sinkholes and Karahrod Fountainreve
separated from others populations. The phenotylpstipity is typically induced by environmental éeigeneity or
environmental stre§42]. The arrangements of some populations weke afi PCA plot of ecological factors with
morphological characters. For example, Kellaleh @&imkholes populations. Phenotypic plasticity is &fility of an
organism to express different phenotypes dependingthe biotic (e.g. predation, competition and abci
interactions) or abiotic (e.g. temperature) envinental in a variety of way and in a wide range afat Single
genotypes can change their chemistry, physiologuelbpment, morphology, or behavior or in respotse
ecological cuefl3]. The interpopulation variations may be relatedhabitat of populations. Therefore, phenotypic
variation is due in part to variation in genotypeit it is also due in part to environment and rhoipgical
characters enables individuals of populations taldish different habitat and these types of vaoiet provide
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material for evaluation of new taxa. Plasticity h@lso been suggested as a potentially importanthamésm
facilitating macroevolutiofs, 14]. High variations were observed betweenhiittlials of two specieB. uceolaris
andB. quadridentatuswhich this subject signature of reciprocal phgpit change is the escalation of phenotypes
between individuals of two species over an exteratealt of interactions[15].
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