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APRESENTACAO

O livro “Ciéncias Biologicas: Génese na formagdo multidisciplinar” é uma obra
focada em discutir a formagéo e jun¢ao do conhecimento de diversas areas que compdem
a grande area das Ciéncias Biologicas, dando ao leitor uma viséo plural e ampla sobre o
que é produzido nesta area atualmente. O presente volume abordara em seus dezessete
capitulos artigos cientificos originais, pesquisas, relatos de casos e revisdes. Sdo estudos
selecionados e desenvolvidos em reconhecidas instituicbes de ensino e pesquisa do pais.

Dado que as Ciéncias Biol6gicas estudam os seres vivos e todas as suas relagdes
entre si e com 0 meio ambiente, os trabalhos descritos neste livro abordam temas voltados
para as ciéncias da saude como microbiologia, fisiologia e bioquimica por exemplo, genética
e biotecnologia, boténica, meio ambiente, biodiversidade e bioconservacgéo, entre outros.
Esta multidisciplinaridade é extremamente importante, pois as pesquisas com diferentes
olhares profissionais tendem ter uma visdo mais ampla e maior aplicabilidade na vida
quotidiana.

O ser humano tende a ter uma visdo autocentrada de importancia em relagdo a
todos os seres a sua volta e ao ambiente no mundo; no entanto, na pratica, tende a ser na
maioria das situag¢des destrutivo ou pouco colaborativo, esquecendo que 0s seres ndo sao
isolados — existe uma relagao de interdependéncia entre eles, e tudo que acontece com os
seres vivos e com o ambiente também o afeta. Neste sentido, esta obra leva a reflexao da
importancia de se conhecer e estudar os seres vivos e 0 ambiente sob diferentes olhares,
através de trabalhos de pesquisa de qualidade e com diferentes propoésitos.

Acreditamos que esta obra sera importante para enriquecer seu conhecimento e
mostrar que a ciéncia € um ambiente democratico e prolifico, que pode ser muito prazeroso
de ser visitado. Assim como todas as demais obras da Atena Editora, esta também sera
revisada por um corpo editorial formado por mestres e doutores, formados nas melhores
universidades do Brasil. Esperamos que vocé nos acompanhe nesta leitura. Bom proveito!

Daniela Reis Joaquim de Freitas
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ABSTRACT: We aim to use the excellent recovery
of Expedition 363 sediment from core catchers
and mudlines at nine sites in the Western Pacific
Warm Pool (WPWP), which were cored with R/V
“JOIDES Resolution” to document the distribution
of Laticarinina pauperata, a very delicate infaunal
calcareous foraminiferal species. Two sites off
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WPWP, EXP. 363)

northwestern Australia and seven in the WPWP,
recovering a record total of 6956 m of sediment
cores in 875-3421 m water depth are suitable
for detailed paleoceanography reconstructions.
From each core catcher, 20-30 cm?® of sediment
were washed with tap water over a 63 ym wire
mesh sieve. Mudline samples were taken from
each hole and analyzed for benthic foraminifers
based on counts of ~100 specimens from the
>150 pym size fractions. Rose Bengal was used
to confirm the presence of living foraminifers.
The environmental ranges for modern habitat
are wide and its evolution and systematics show
first appearance for older bound from 28.1 million
years ago (Chattiano Age). Here we documented
the excellent preservation and the remarkable
physical tolerance that this species has to higher
pressure in the water and in the sediment column.
It was found living in both the present in water
depths of 875-3421 m, and in the late Oligocene
(~24 million years ago), which equals at least to
more than 350 m deep inside the sediment.
KEYWORDS: Paleoceanography, warm,
temperature, climate, productivity.

RESUMO: Nosso objetivo & usar a excelente
recuperacdo do sedimento da Expedicdo 363
em nove locais na Western Pacific Warm Pool
(WPWP), que foram coletados com o navio “Joides
Resolution ” para documentar a distribuicdo
de Laticarinina pauperata, uma espécie de
foraminifero calcaria e delicada infaunal. Dois
locais no noroeste da Australia e sete na WPWP,
recuperaram um total recorde de 6.956 m de
testemunhos de sedimentos em 875-3421 m de
profundidade de agua, e sdo adequados para
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reconstrucdes paleoceanograficas detalhadas. Cada amostra de 20-30 cm3 de sedimento
foram lavados com agua da torneira sobre uma peneira de malha de tamanho de 63 ym.
Amostras da foram retiradas de cada buraco e analisadas para foraminiferos benténicos
com base em contagens de ~100 espécimes das fra¢cdes de tamanho>150 ym. Rose Bengal
foi usada para confirmar a presenga de foraminiferos vivos. As faixas ambientais para o
habitat moderno sédo amplas e sua evolugéo e sistematica mostram a primeira apari¢cdo para
limites mais antigos de 28,1 milhdes de anos atras (ldade Chattiano). Aqui documentamos
a excelente preservacdo e a notavel tolerancia fisica que esta espécie possui a maiores
pressdes na agua e na coluna de sedimentos. Foi encontrado vivendo tanto no presente em
profundidades de agua de 875-3421 m, quanto no final do Oligoceno (~ 24 milhdes de anos
atras), o que equivale a pelo menos mais de 350 m de profundidade dentro do sedimento.
PALAVRAS-CHAVE: Paleoceanografia, calor, temperatura, clima, produtividade.

INTRODUCTION

International Ocean Discovery Program (IODP) Expedition 363 (October 6™ to
December 8" 2016) sought to document the regional expression (e.g., temperature,
precipitation, and productivity) and driving mechanisms of Neogene climate variability in the
Western Pacific Warm Pool (WPWP), as they relate to the evolution of Earth’s climate on
millennial, orbital and geological timescales.

The Western Pacific is one of the best natural laboratories worldwide for unraveling
the links between tectonic, oceanic, climatic and deep mantle dynamics processes. Western
Pacific Warm Pool (WPWP) is the largest source of water vapor to the atmosphere. Variations
in the strength of convection therefore alter heat and moisture delivery to extra-tropical
regions and may amplify changes in global climate (Fedorov and Philander, 2000; Pierre
Humbert 2000). Today WPWP hydrological cycle variability is dominated by (1) the seasonal
migration of the ITCZ and subsequent interactions with the Asian-Australian monsoon and
(2) the EI Nino Southern Oscillation (e.g. Rasmussen and Arkin 1993). On orbital timescales,
a growing body of proxy evidence suggests a strong control of local insolation on regional
precipitation (Wang et al., 2001; Tackikawa et al., 2011; Carolin et al., 2013).

With excellent recovery, Expedition 363 in the WPWP sites are suitable for detailed
paleoceanographic reconstructions from late Oligocene (~24 million years ago) to Recent.
Specifically, this article aims to use sediment recovered from core catchers and mudline at
all sites on Expedition 363 to describe the physical tolerance of a continental slope infaunal
calcareous very delicate foraminiferal species Laticarinina pauperata (Parker & Jones,
1865) to preservation both in depth of water and of sediment columns. The species target
is an epifaunal foraminifer (Corliss and Chen, 1988) with biconvex trochospiral form being
common in bioturbated horizons (King et al, 1995).

Faunal fluctuations related to cool or warm phases are characterize by species
arrangement in the same faunal groups used in the study done in the Meteor Core 12329
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(Lutze, 1977). Later on, Lutze (2007) showed that this core has a very good correlation
between a warm indicative group of benthic species and the climatic curve derived from
planktonic foraminifers by Pflaumann (1975). To accentuate the fluctuations and to allow
convenient comparison with other curves the above mentioned author used the total
proportion of “warm” benthic species (Laticarinina pauperata, Cibicidoides kullenbergi, C.
robertsonianus, Cibicidoides sp., Hoeglundina elegans, and Bulimina aculeata) expressed in
percentages of both, the “warm” and the “cool” species group (Pyrgo murrhina, Cibicidoides
wuellerstorfi, Uvigerina peregrina,and Globobulimina hoeglundi) whereas percentages of all
other species were ignored. The resulting curve is called the warm benthic foraminifers
(WBF) curve”. This is an interesting view and we intend to look further on this subject after

we document the omnipresence of this infaunal species.

Study Area

Two of the sites are located off northwestern Australia at the southern extent of the
WPWP offering the opportunity to study the evolution of the Australian monsoon since the
late Miocene to present at relatively high resolution. Seven sites are situated at the heart
of the WPWP including two on the northern margin of Papua New Guinea (PNG) with very
high sedimentation rates spanning the past ~450 ky, two in the Manus Basin north of PNG
with moderate sedimentation rates recovering upper Pliocene to present sequences, and
three low sedimentation rate sites on the southern and northern parts of the Eauripik Rise
spanning the early Miocene to present (Figure 1).

Figure 1. Bathymetric map showing locations of the three main areas cored during IODP Expedition
363: northwestern Australian shelf, Papua New Guinea/Manus Basin, and the Eauripik Rise. Yellow
circles = Expedition 363 sites, purple and green circles = previously cored DSDP and ODP sites. Data
source and analysis from Amante and Eakins (2009). Retired from the IODP proceedings (2017).
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Methods

Sites were chosen to provide broad spatial coverage in order to capture the most
salient features of the WPWP. Nine sites were cored with R/V “JOIDES Resolution”, two
off northwestern Australia and seven in the WPWP, recovering a record total of 6956 m of
sediment cores in 875-3421 m water depth with an average recovery of 101.3% during
39.6 days of on-site operations (Rosenthal, Holbourn, Kulhanek et al., 2017). Most of the
sites were cored primarily using the Advanced Piston Coring (APC) system until refusal,
generally between 250 and 350 meters below sea floor (mbsf).

Methods of Study for Foraminifera

From each core catcher, 20-30 cm?® of sediment were washed with tap water over a
63 ym wire mesh sieve. Indurated samples were soaked in a 3% hydrogen peroxide (H,0,)
solution (with a small amount of Borax added) prior to washing. In addition, mudline samples
were taken from each hole and analyzed for benthic foraminifers. Mudline samples were
collected by emptying the sediment/water material from the top core liner of each hole into
a bucket and then washed with tap water over a 63 ym wire mesh sieve. Tests using Rose
Bengal were performed to confirm the presence of living benthic foraminifers in the mudline
sample. All samples were then dried in the sieves in a low-temperature oven at ~50°C
and subsequently examined under a binocular light microscope. To avoid contamination
of foraminifers between samples, the sieve was thoroughly cleaned, then placed into a
sonicator for at least 15 minutes, and then carefully checked. Species identification for
benthic foraminifers were generally made on the >150 ym size fractions. The 63 to 150-
-um size fraction was scanned for distinctive taxa. Benthic foraminiferal assemblage
composition and paleo depth estimates were based on counts of ~100 specimens from
the >150 pm size fractions, where possible. Relative percentages of benthic to planktonic
tests were determined by counting specimens in four adjacent quadrants in three different
locations on the picking tray. The preservation status of benthic foraminifers was estimated
as follows: VG = very good (no evidence of overgrowth, dissolution, or abrasion); G = good
(little evidence of overgrowth, dissolution, or abrasion); M = moderate (calcite overgrowth,
dissolution, or abrasion were common but minor); P = poor (substantial overgrowth,
dissolution, or fragmentation).

RESULTS

Nine sites with wide geographical distribution and variable oceanographic and
depositional settings were cored during Expedition 363, recovering a total of 6956 m of
sediment cores in 875-3421 m. This excellent recovery of IODP Expedition 363 sites were
ideal for detailed paleoceanographic reconstructions at orbital and suborbital resolution
from late Oligocene (~24 million years ago) to Recent. Besides that, combining sites with
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rapidly accumulating sediment at marginal locations and more typical open-ocean sites with
relatively low accumulation rates offers the opportunity to show the evolution of the WPWP

at different temporal resolutions.

Table T1. Expedition 363 hole summary. DSF=drilling depth below seafloor. APC=advanced piston
corer, HLAPC=half-length APC, XCB = extended core barrel.

The species’ classification of our chosen species to document belongs to Chromista
(Kingdom), Harosa (Subkingdom), Rhizaria (Infrakingdom), Foraminifera (Phylum) ,
Globothalamea (Class), Rotaliida (Order), Discorbinelloidea (Superfamily), Discorbinellidae
(Family), Discorbinellinae (Subfamily), Laticarinina (Genus), Laticarinina pauperata
(Species) (Figures 2 and 3). In according to the Encyclopedia of life, its chronostratigraphic
ranges from Mioceno to Recent; its evolution and systematics show first appearance for
older bound is at 28.1 million years ago (Chattiano Age), and the first appearance for younger
bound is 23.03 million years ago (Aquitaniano Age). The last appearance (older bound) is at
3.6 million years ago (Piacenziano Age), and the last appearance (younger bound) is at 2.59
million years ago (Gelasiano Age). As they have defined limits of appearances in the past,
the environmental ranges for modern habitat are wide for depth (m): 0 — 3100, temperature
(°C): -1.260 - 29.191, Nitrate (umol/L): 0.038 - 42.384, Salinity (PPS): 31.836 - 36.672,
Oxygen (ml/l): 0.206 - 7.696, Phosphate (umol/l): 0.047 - 3.105, and Silicate (umol/l): 1.067
- 125.649 showing its tolerance to ranges. Laticarinina pauperata and Epistominella exigua
are from cool, strongly pulsed, low to intermediate organic flux, and high seasonality (Gupta
and Thomas, 20083).
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Figure 2: Views of Laticarinina pauperata. 1a. Spiral view; 1b. Umbilical view; 1c. Side view (Retired
from Cushman, 1931).

Weinberg (1990) has studied high rates of long-term survival of deep-sea infauna in
the laboratory. Laticarinina pauperata collected from 775 m depth in the northwest Atlantic
were maintained in the laboratory for 772 days to measure their survival and the minimum
estimates for survival of L. pauperata ranged from 0 to 67% for a 1-2 year period. This study
demonstrates the tolerance of continental slope infauna in laboratory for long periods.

Oliveira et al. (2005) in Southern of Abrolhos (BA, Brazil) reefal area showed the
presence of Laticarinina pauperata in 1.100 meters and Gupta and Thomas (2003) used
benthic foraminifera biotas to trace changes in the strength and seasonality of the monsoons.
During the dry northeast (boreal winter) monsoon with northeasterly winds, biological
productivity in the Indian Ocean is low, providing low food to the deep-sea fauna. In contrast,
the intense, wet, southwesterly winds of the southwest (boreal summer) monsoon cause
widespread upwelling and high surface productivity (Banse and English, 1994; Gregg,
2002), and thus a high supply of organic particles to the seafloor. This monsoon linked
productivity is extreme in the Arabian Sea, but it is also high in the Bay of Bengal, as
visible in satellite images collected by the Coastal Zone Color Scanner and SeaWIFS (http://
bluefin.gsfc.nasa.gov/chi/level3.pl). Deep-sea benthic foraminifera are sensitive to both the
total export flux of food to the seafloor and its seasonality (Smart et al., 1994; Jannink et al.,
1998; Loubere and Fariduddin, 1999; Ohkushi et al., 2000).

Ciéncias biologicas: Génese na formagao multidisciplinar Capitulo 3 “



Figure 3. Different views of Laticarinina pauperata. 1. Spiral view of a Miocene form of L. pauperata
found in 23 million years ago. 2. Umbilical view of a modern dead specimen found in 1022.77 m depth.
3. Umbilical view of modern living specimen in 1022.77 m. 4. Umbilical view of modern living specimen

in 3421 m depth. 5. Spiral view of a modern living specimen in 3421 m depth. 6. Side view of the
modern dead specimen found in 3421 m depth.

DISCUSSION

Recovery of expanded upper Pleistocene sequences provide the opportunity to
reconstruct climate variations with exceptional resolution comparable to that of ice cores,
North Atlantic sediment drifts and Southeast Asian speleothem records (Thompson, et
al.,, 1989). The late Miocene to early Pliocene interval is interesting because it offers an
unmatched opportunity to explore climate-carbon cycle dynamics in a warmer-than-today
Earth, to investigate the impact of the WPWP on the Australian Monsoon, the ITF and zonal
equatorial Pacific processes (e.g. past EI-Nifio), and to help guide models and constrain
predictions of climate change and sensitivity. Furthermore, spanning a large range of water
depth, the sites allow reconstruction of the thermocline and intermediate water contributions
from the Northern and Southern Hemispheres to the low-latitude inter-ocean exchange
through the Indonesian through Flow (ITF), as well as monitoring of water mass changes in
response to tectonic- and/or climate-related processes.

The wide spatial distribution of the nine studied cores, variable accumulation rates,
and exceptional biostratigraphy and paleo magnetic age constraints and mostly excellent
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foraminifer preservation will allow us to retrace the evolution of the WPWP through the
Neogene at different temporal resolutions.

Specifically, the high sedimentation rate cores at PNG will allow us to better constrain
mechanisms influencing millennial-scale variability in the WPWP, links to high-latitude
climate, and implications for temperature and precipitation variations in this region under
variable boundary conditions. The high accumulation rate sites off PNG offer the opportunity
to study climate variability during previous warm periods at a similar resolution as for the
Holocene.

Here we show the excellent preservation and the remarkable physical tolerance that
of Laticarinina pauperata have to higher physical pressure in water and in sediment columns
showing its presence in all depths with occurrence from late Oligocene (~24 million years
ago) to Recent. The presence of this species under this huge physical pressure is amazing.
Imagine 3000 m of water plus 500 m of sediment? Imagine the amount of perpendicular
force applied to the surface of this species per unit area? The pressure a liquid exerts
depends on its depth. This pressure in open conditions usually can be approximated
as in “static” or non-moving conditions (even in the ocean where there are waves and
currents), because the motions create only negligible changes in the pressure. Besides that,
foraminiferal tests can suffer taphonomic process known as diagenesis. The diagenesis is
the change of sediments or sedimentary rocks into a different sedimentary rock during and
after rock formation (lithification), at temperatures and pressures less than that required for
the formation of metamorphic rocks. After deposition, sediments are compacted as they are
buried beneath successive layers of sediment and cemented by minerals that precipitate
from solution. Grains of sediment, rock fragments and fossils can be replaced by other
minerals during diagenesis.

If preservation of foraminiferal species is good, these data can be very interesting
tool to understand both natural and geomorphologic evolution and changes. Data on the
fluctuations of “warm” benthic species (Laticarinina pauperata, Cibicidoides kullenbergi, C.
robertsonianus, Cibicidoides sp., Hoeglundina elegans, and Bulimina aculeata) compared
to “cool” species group (Pyrgo murrhina, Cibicidoides wuellerstorfi, Uvigerina peregrina,
and Globobulimina hoeglundi) for example can evidence interglacial and glacial cycles.
This is an interesting view and we intend to look further on this subject in a low-resolution
approach after we first document the omnipresence of this infaunal species.

CONCLUSION

The late Miocene to early Pliocene interval offers an opportunity to explore
climate-carbon cycle dynamics in a warmer-than-today Earth. Sites allow reconstruction
of the thermocline and intermediate water contributions from the Northern and Southern
Hemispheres. The high accumulation rate sites off PNG offer the opportunity to study
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climate variability during previous warm periods at a similar resolution as for the Holocene.
Laticarinina pauperata is tolerant to high physical pressure in water and in sediment columns
showing its presence in all depths with occurrence from late Oligocene (~24 million years
ago) to Recent. Fluctuations of “warm” benthic species (Laticarinina pauperata, Cibicidoides
kullenbergi, C. robertsonianus, Cibicidoides sp., Hoeglundina elegans, and Bulimina
aculeata) compared to “cool” species group (Pyrgo murrhina, Cibicidoides wuellerstorfi,
Uvigerina peregrina, and Globobulimina hoeglundi) evidence interglacial and glacial cycles.
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