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Phylogeography and population genomic§ of boreal marin€
mŁcroinvertebrates colonising High Arctic

(Filogeografia i genomika populacji btirealn_vch morskich makrotlezkręgo,1vcółv
kolonizujących \foisrrką ArkĘkę)

supervised b3,,

prof" dr hab. Michał Gratrorvski
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prof. dr hab. Jan Marcin Węsłarvski

Tlre levierved PhD thesis iocuses ol1 processes related to "Atlarrtif'ication". a Frrocess
of increased int]uence of Atlantic waters on Arctic observed in recent years. T'his

phenomenon int'iuences plr3,1ogeograplr,v and poprłlation gełletics of various groups ol
organisms fi,om dilfbrerlt trophic levels, including some itrvertebrates inhabiting thę Svalbard

archipelago. łvhiclr are the sub.!ect of the N,[.Sc. Hedvig Csapó's researclr interests"

M.Sc. Hedvig Csapci's PhD thesis consists of three nlain patts: tr,vo scientific arlicles
alreadr,pubiislred. and one manuscript lookirrg read,v to be submitted fbr revielv in a sciełrtific
journal. Tlrese three articles are preceded b5,,a slroft summarv of the dissefiation content
written in two versions - in Folish and English. 'l-hę summar.v presents iir a, concise and clear
manner the most iłrrportalrt assumptions and resttlts olthe studies.

The first of presented articles (hereinafter referred to as Article 1) is entitled o'Coming

home - Boreal ecosystem claims Atlantic sector of the Arctic" and was published in a
renowned journal Science of The Total Environment inżażI fiF in the year of publication :
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10,75). f{edvig Kriszta Csapó is both the t-irst and corresporrding autllor. rłhich confinns her
leading role in preparing the ptrblicatiorr. h is lvorth noting that this arlic]e" althoLrgh
pirblished relatively recently. has already been cited manv times (38 citations according to
ScopLts database). flris paper is an extended revierv article. discussitlg the cttrrent state of
knowledge on the biogeographical and ecological aspects of tlre "Atiantit-ication''
phenomenon in the European Arctic. 73 publications (re_eardirrg both fauna and flora) were
tlre silbject of this revierł,, what is ver1, inrportant is tlrat in additiorr to tlre summary of the
most importatrt data fi,om łlre metrtioned publications^ the article also contaitls a łllore iii-depth
general analysis and conclusions are drawn. T'he Authors' ke1, conclusion is that they question
the currently dominant concept of "Atlantification" as a process resulting soleł1, {i,onl the
impact of lrunran activity on clinrate change, Instead" tlre Authors sLlggest that the citrrentiy
observed changes (generally a nortIrlł,ard slritt in the ranges ot manv taxa) are in f'act

recolonizatioł-ls, i.e, returns to areas r,vhere these organisrns lived in the past" during warmer
climatic periods. Many species arę thus neonatives" and distinguishing thetn lrom
aggressivelv spreading invasive species is a challenge tbr marine biologists"

]-hese are not tlre only oonelusions dralł,n fiom this revierv" The Authors conljnnęci
that the rate ol'primary pł:otiuction in opęn seas of the Arctic shelf increases. 

-fhere 
is also the

teridency icl decrease ęnergy ccxrtent ol'zooplankton in Arctic rvaters. lmportant chatrges are
visiblę also on higher levels of trophic level. lbr exatnple flshes, r.vhere increase of body size
and growth rate rvere observed. 'ł-hese and othęr conclusions clearly indicatę. that currentl_r,

observed ohanges in biogeographv and genetic structure of fauna and tlora of Arctic cannot
be simply explained by possible hunran-induced climatic clranges but must be analy,sed also
against the backdrop ol historical climatę chałrge.

Tlre second cłithe tlrree articles that make up N{s. C]sapó's doctora] thesis (hereinailer
At,ticle 2) is entitled oonrtDNA data reveal disparate population structures anrl High
Arctic colonization patterns in three interticlal invertebrates with contrasting life historr
trait§". lt rłas published in December 2023 in.iournal Frontiers in Marirre Science (tF:2.8. no
citations so 1ar). In this article, M.Sc. Hedvig Csapó is also both tlłe f-irst and corresponding
author. It presents research on ph1,,logeograph_v ancl historical demography in Ar:ctic of three
boręal invertebrate species with ditterent life histories and dispersalmode: an arrrplripod
{iam.mał,us gcctłłtit:Lts, a gastropod !,ilłtlł,illcł ,silxatili,c and a barnaclę Sełrlibalantts bttlclnoides.
Mełhodology of the str,rdy,,based on large amount olnritoclrondrial DNA barcode data.
including both nervly obtained and ręference seqLłences of thę mitochondrial clłoclrrorne
oxidase r (COi), 'rhe rvork enlployes a wide range of moderir molecular data analysis
techniques, allowing tbr drawirrg ręliable cotlclusions regardirrg intraspecitic genetic
variability. populalioll stfuctLlre. delnograph5, and phylogeographv, The analyses were
conducted separately fbr the three sttldied species, finding lrotlr similarities and dilfurences irr

the genetic structLlrę of their populations and the most probable scenarios fbr the expansion to
Svalbard. Mentioning only the rnost important conclusions of the \Ąiork, in tlre casę ol G.
ocęanic:tls and l. :;axatili,y (both directly deveioping) decrease of haplotype richness 1owards
higher latitude regions r,vas detectęd. Suclr pattern r,vas not observed for Sj. baltnąrlidas, a
species with pelagic larvae. T'hę Authors conclude that all three species exparrded their rallge
northrvards ove r past 20,000 years, w-}ri le stating the lack of evidence tlrat it was a
contemporary process related ttr "Atlanticification".
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The third part of PhD tlresis revielł,ed here is a manuscript (hereinaiter Article 3)
entitled "I)istinct population structure and demographic histoą,of the northern acorn
lrarnacle argue against its spread in the High Arctic as a result of recent
Atlantification". T'lris rł,ork is a continuation oiresearch on acorn barnacle (§ hcłlanoicles)
included ill Article 2. birt tlris time using lor.r,-coverage rvhole genome seqLlence data. The
authors tęsted ttł,o alternative h,vpotheses considering tlre origin of Svalbard populations of
this species.'I'he f-rrst lrvpotiresis assumęd that the presence of acorn barnacle iri Svalbard is
an etr'fect of current "Atiantiflcatioll" olthe Arctic" iłłii[e the second assumed that the source
o1'genetic diversit.v of the species iłr Svalbard is ciated on the last glaciał nraximum (LGM).
Analvsis of genetic structure oł-populations ol.S. ba!anoides tionr Svalbard and other
geographic reqions {Icelarrd, Faroe lslands. L,iK and Scandinal,ia) revealed lrigh level of inter-
population diversit},. This is surprisirlg fbr lrł,o leasons. Firstl1,. tlre acorn barnacle possesses
pelagic larvae in its 1ife cycle. rvhich should allorv a high dispersion rate, Secondli,,. research
on this species described in Article 2. condtlcted on single mitochrrlrdrial nłarker. provided
c<ltlciusions that rvere quite the opposite. suggestine existing lather pallmictic_ large
popr"rlatiorr of this species in North Atlantic. Tłris provides strong evidence that irr the case of
marinę species with large range, single genetic rnarkers mav not provide sult]cient
injbrmation in stttdies tbcusing on population structure and biogeograplry. Overal1. the
research results presented in this afiicle provide evidence to suppolt the second h1.,potheses
tested. Tlłe distinctiveness of Svalbard population and lack of genetic fbotprint of a recent
bottleneck suppofi thę scenario of ccllonisation of the are,hipelago not currentl,v. but during
},] o lłicene'l'lrermal Opltimurn.

While reading Articles 2 ar-rd 3, one question arises, ls tlrere an3,otłrerthan gelletic
evidęnce of-expansitlrr of studied species northlvarcls after L.CN,{? It is to be expected that
paieontolog}, ma}, provide interesting data, especialły in tlre case o1'airimals with hard bod1,
parts (like Litlclrina ot Semibalurlrs). hr Article l. an exanrple of-the Norllr Atlantic mussel.
X,h,łiłtłs edtllis. is mentioned as detected in lossils of Svalvard dated at ca, 12*] 3 k3,a. Since
Svalbard is an area tll intense biological researci-i. l rvoulcl expect tlrat such data might also
exist for Litulrina or Sełniha!airlł,s, Horvever, there is no infbrmation about this in Articles 2
and 3. Even the absence of suclr data shoulcl be noted.

N{y second question to tlre Author cclncerns the taxonomy,,of § bałcułoide,c. Table 1 in
Article 3 presents the intragroup nucleotide diversity. Could the degree olgenetic
differentiation bettveen populations/groups. ctłnrhined witlr tlre reconstructed phylogeny and
possiłrłe mr:lrphological and anatomicai data. lead to a f"uture taxonomic revision oltlris
species?

The thręe papęrs presented by M.Sc. Hedvig Csapó as a doctoral dissertation are
closely related thematically. Although Articlę l is not strictly research work, as a review work
it is based on a large number of analyzed publications (73). The review contains important
conclusions, as rnentioned above, and serves as an excellent basis for further research of a
strictly empirical nature. It also demonstrates M.Sc. Csapó's impressive knowledge and
expertise in the fiełd. Articles 2 and 3 are strictly research works, aligning perfectly with
curuent scientific trends. The PhD student masteręd and utilized ą wide range of molecular
techniques ancl, what is particularly irnportant in this type of research, methods of modern
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clata ana|ysis. Presented studies provide interestillg ilrformatioll on the ph1,,logenv and
biogeograplry of the selectecl invefiębrates. but they also have a muclr broader significarrcce.
T"he obtained resr-rlts contribute lrer,ł,l<nowledge and allorvs tbr a better ilnderstanding o1'tlre
currently observed phenomenon olshifting the ranges of mair1, boreal nrarine species totvards
the norlh, While it sęems quite attractive to clairn that these processes are a verv recent
phenomenon and result from climate łvarming caused bl,human activit1.,. the pictrrre tlrat
emerges irorn tlre presented studies is nruch nuanced. The revierv arral1,-sis (Article l) and the
empirical strrdies presented in Articles 2 and 3 indicate tlrat these processes are ratlrer relatecl
to climate changes occurring on a broader tinre scale and resulting from alternating c,vcles clf
glaciations and interglacials.

'fhe editorial quality of the discussed doctoraltlresis does not raise any significarrt
objections. Ałlicles j and 2 are presented in their tłriginaljoumal format" having undergone
meticulous editing and copy,editing processes. 'fhe Summar;- and Article 3 are presented as
nraltuscripts and they contain only a very, f-erv editorial errors. For example. tlłe Polisłr
summarv uses Ł,loth "lat p.n.e," and "BP" sinrultanęously. rvhich is inconsistent, It shotlld be
noted that "lat p.n"e." are daterl fi,om the year 0 AD. while l]P is traditionally counted liom tlie
year 1950. ]'he ilngiish version of the Suntmary i,loes not contain this error. I also noticed tliat
irr the list ol'ret-erences to Article 3. italics rvęre omitted in a felv l-atin species narnes. T'his
should be corrected betilre sLrbrnitting the article to a journal. These very mitror editorial
slrońcomings do not detract liom the high value of the presented rvork. 1 Irrenticltl thern only
as a part of tn1, reviewer's duty.

Irinal conclrtsions

ln conclusion. my assessment olthe scięntific research presented hy N{.Sc, Hedvig
Kriszta Csapó in his doctoral thesis is highli" positive. The statemerrts of the co-authors
confinn j\4.Sc. C]sapó's significant contribr"rtioll to the articlęs presented. inciuding fieldwork,
laborator1, and statistical analvses. data processing. manuscripts preparations and revisions.
M.Sc. Csapó denronstratecl extęnsive theoretical knowledge in thę f'ieid of science being
str-rdied. and the presented research provides an origirral solution to a scierrtit-ic problem.'1'he
leading role of N4"Sc, Csapó in the presented sttldies is proof of Her readiness to
irrdependently concluct scientific activity. 'flre reviewed disserlation meets the statrrtory
reqtlirements specified ilr Act of l4 March 2003 on Academic Degrees and Acadernic T'itle
and on Degrees and Title in the F ield of Art (consolidated text: Journal rrf l-ar.l,s ot'2017" itenr
1789. as amended) in connection l,vith the Act oi3 July 20l8. Provisions introducirrg the Act
*[,,alvonHigherEducationandScience(Jotrrnal ofLawsof2018,item 1669.asamełrded)
and l request the Scientific Council of the lłrstitutę of Oceano|ogy of the Polish Acaclemy of
Sciences in Sopot to adrnit M,Sc. t]ledvig Kriszta Csapó to the further stages of the doctoral
procedure. Noting the high scientific leveloltlre presented research, some of rvhich has
already been pLrbli-rlred in highI5,,rated journa}s, ałrd the widę range of Nl.Sc. Csapó's skills" l

propose that the work be considered for distinction.

WydziaŁ Hodowli
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wnioski końcol.ve

Podsumorvrrjąc, moja ocena badali naukor,vyclr przedstarvionl,ch przez mgr Hedl,ig
Csapó w jej rozprarł,ie doktorskie.|jest bardzo pozyt}nvna. Ośrł,iadczętlia r,r,spółaritorórv
potrvierdza.ią dominujący wł<ład mgr Hedvig Csapó lv porł,stanie trzech prezentowanych
altykułółv. obejmirjącv m.in. pracę terenolvą, anaIiz1, laborator_r jne i statyst,vczne.
przetrł,arzanie danych. prz__vgrrtorvanie oraz korektę manusk6,ptórv. Doktofantka rvykazała się
szeroką rvieclzą tęoretyczną z dziedziny będącej je.i obszarem zainteresorvań. a prezentorvane
badania są oryginaln,vm roztviązaniem problemu naukor,vego. Wiodąca rola l)oktorantki ."v

prez§tltowanvch badaniach jest dowodem jej gotorvości do samodzielrrego prorvadzenia
działalriości narlkorvej. Stłvierdzam. że recenzowana przeze mnie rozprawa cloktorska mgr
}]edvig t-sapó spełnia wszelkie rvarunki usta\Ą,owe stawiane pracom doktorskinr na podstai,vie
LJstawy z dnia l4 marca 2003 roku o stopniaclr naukow,vch i tvtule naukowym araza
stopniaclr itytule w eakresie sztulii (t. jedn. Dz. U. z2al7 r. poz. 1789 ze zm.) rv zw-. z
Ustałr,E z drria 3 Iipca 20] 8 r. Przepisy rvprorvadzające ustawę * Pratvo o sziqolł:ictw,ie
\\,yzszyłll inatlce(Dz.U,z2018r"poz. l669zezm.)iwnioskrdędoRad_vNaukorł,ei
Inst;,-tutn Oceancllogii Polskie.i Akaderłii Nauk w Sopocie o dopuszczenie mgr l{edvig
Kriszta Csapó clo dalszych etapółv przewodu doktorskiego, Zu,racając uwagę na lł,vsoki
poziom naukclr,vy przedstar.vionych baderń, z których część została juź opublikołvana w
rłysoko punktorvanyclr czasopismacłr. oraz szertlki wachlarz umie_iętności Doktorantki,
składanl r,vt-l iosęk 6; 11,.yrózn i en ie pracv.

dr hab. Artur Osikorvski. URK
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