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CHAPTER

6

Oxygen isotope variability of planktonic foraminifera provides
clues to past upper ocean seasonal variability
W. Feldmeijer, B. Metcalfe and G. M. Ganssen

The reconstruction of seasonality in the palaeo-record has until now been
only available from biomineralisers which produce observable incremental
growth lines, such as trees, clams and corals, from near-shore or terrestrial
environments. For the open ocean only samples from laminates allow for a
seasonal resolution of the upper water column. Seasonally linked variation
resulting in changes to hydrography is key to the proliferation or attenuation
of ecologically beneficial constraints, thus this is the major control upon
abundance of foraminifera and their isotopic signature. The range in the
isotopic composition of planktonic foraminifera reflects changes in either
season or depth habitat. We here present the results of a reconstruction of
past seasonal variability. To do so, we make use of the single shell isotopic
composition of different species of upper ocean dwelling foraminifera. The
ratio of polar-subpolar neogloboquadrinid species (N. pachyderma: N.
incompta) combined with oxygen isotope shifts in N. pachyderma indicates
changes in seasonality resulting in increased ice berg tracking. Our results
further provide evidence that a southward movement of the polar front
probably altered the water mass configuration leading to a reduction in the
deep water formation in the North Atlantic which had implications for local
hydrology and global ocean circulation.
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6.1 Introduction
Seasonality, i.e. the difference between maximum summer temperature
(max. insolation) and minimum winter temperature (min. insolation), can be
traced by the Sea Surface Temperature (SST) recorded in the shells of planktonic
foraminifera. Termination III the transition between marine isotope stages 8 and
7 (~200-260 kyr) has the highest precession and obliquity of the past 10 glacial
cycles, that would have generated a heightened difference in the maximum
seasonal insolation (Figure 6.1). However, Termination III possesses the lowest
amplitude of any glaciation of the past 400 kyr, since the mid-Pleistocene transition.
Despite this uniqueness it remains the least studied Termination. Analysis of
the most recent transition from glacial to interglacial climate (Termination I)
suggests that a heightened seasonality over the North Atlantic region occurred as
a result of increased meltwater input from retreating continental ice sheets and
icebergs during stadial conditions [Cheng et al., 2009; Maslin et al., 1995]. This
influx of meltwater kerbed north Atlantic overturning circulation [Streeter and
Shackleton, 1979] whilst simultaneously inducing freshwater stratification which
facilitated easier growth of winter sea-ice giving rise to Siberia-like conditions in
the adjacent regions [Cheng et al., 2009]. The impact of this increased seasonality
has been used to explain the apparent teleconnections of Millennial-scale climate
events. For example, Denton et al. [2010] explained the presence of Heinrich
Events (HE’s) in the North Atlantic to result from a product of a southerly shift
in the Trade winds and Intertropical Convergence Zone (ITCZ) away from the
ice-covered northern hemisphere [Denton et al., 2010]. Quantification of past
seasonality from the geological record has been fraught with difficulties and is
currently only obtainable from the sediments found in anoxic basins (i.e. varves)
and biomineralisers that produce (sub-)annual layers. This excludes most of
the open ocean, placing emphasis on reconstructions from shallow marine and
continental shelf setting.
Emiliani [1954a] showed that foraminifera have distinct depth habitats
and ecological niches. Mix [1987] proposed that the temperature recorded in the
mean isotopic composition is weighted toward the season that overlaps the species
temperature tolerance. Through comparison between species with different
ecologies, i.e. warm and cold water species, and depth habitats, i.e. surface and
thermocline dwelling species, a measure of the temperature distribution, both
seasonally and vertically can be obtained [Wefer et al., 1996]. Single shell analysis
(SSA) of planktonic foraminifera allows for the reconstruction of open ocean
seasonality. In order to test this, we analyse six different planktonic foraminiferal
species with distinct ecological preferences.
6.2 Material and methods
For single specimen analysis, two surface dwelling species, Globigerina
bulloides and Neogloboquadrina pachyderma (left-coiling), and two deeper
dwellers, Globorotalia inflata and Globorotalia truncatulinoides were picked out
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Figure 6.1. Equilibrium oxygen isotope values (δ18O) plotted as a function of time (Julian
Day) and water depth (m), indicated is the deepened wind mixed layer (e) in the early
part of the year which entrains nutrients and the evolution of the surface waters into a
stratified water column (f). For reference the growing season of G. bulloides is indicated
(c to d), as inferred from sediment trap data [Wolfteich, 1994] and the depth habitats of G.
bulloides (g), G. inflata (h) and G. truncatulinoides (i) as established in the literature (see
supplementary S6.1). Also shown is the relative monthly insolation at 45°N during the
corresponding time period, note that the rise in insolation is not immediately mirrored in
the water column (a to b). Map insert of North Atlantic with (1) location of core T90-9P
indicated and location of sediment traps (2) JGOFS48 of Wolfteich [1994] and (3) Delta
of Tolderlund and Be [1971].

from narrow size fractions to exclude potential vertical migration during ontogeny
(250-300 μm for N. pachyderma and 300-355 μm for others). The surface dwelling
species G. bulloides is the most abundant foraminifera in the study area, being
most prolific between April and May [Wolfteich, 1994] and has a temperature
tolerance of 3-19 °C [Bé and Tolderlund, 1971]. Peak abundance occurs when the
spring rise in insolation hits the nutricline generating the spring phytoplankton
bloom. In contrast N. pachyderma favouring temperatures between 0-9 °C, has
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been shown to peak in May and October with its occurrence continuing to early
November whilst the two deeper dwelling species have a narrower temperature
preference: 13-19 °C for G. inflata and 17-22 °C for G. truncatulinoides [Bé and
Tolderlund, 1971]. Both species appear most abundant in December to January.
Globorotalia inflata additionally peaks in March [Tolderlund and Be, 1971]. For
full ecology and light microscope photographs of species see supplementary
information S6.1 and Figure S6.1, respectively.
Specimens were picked from core JGOFS T90-9p (45°17.5’N, 27°41.3’W;
2934 m water depth; core length = 1028 cm) located on the eastern flank of the
Mid-Atlantic Ridge (Figure 6.1 inset) at (728-828 cm dbsf) [Lototskaya et al., 1998]
and analysed on a Delta+ mass spectrometer with attached Gasbench preparation
device (for full description see supplementary S6.2). In conjunction with analysis
on single specimens the surface dwelling planktonic foraminifera Globigerinita
glutinata and Neogloboquadrina incompta (2 groups of 10 specimens) as well as
the benthic foraminifera Cibicoides wuellerstorfi (2-10 grouped specimens) were
measured following the same procedures. Faunal counts were made on a split of
~250 specimens from four size fractions (212-250, 250-300, 300-355 and 355400 μm). In addition the amount of terrigenous grains was noted as an indicator
for ‘ice-rafting’ events. The proportion of N. pachyderma to N. incompta was
determined by counting the proportion of left and right of the first hundred
specimens of that particular morphospecies from the 250-300 μm size fraction.
6.3 Results and Discussion
6.3.1 Glacial-Interglacial isotope shifts
The mean and range in oxygen isotope values for six planktonic species
and one benthic species are shown in Figure 6.2. The benthic δ18O signal, as well
as that of N. pachyderma, show a relatively early onset of the glacial-interglacial
termination as opposed to the shifts seen in the δ18O records of G. bulloides, G.
glutinata, G. inflata, G. truncatulinoides and N. incompta (Figure 6.2a and b). The
gradual depletion of the benthic signal is to be expected due to minor influence
of temperature at the core depth (2934 m). The early onset of Termination III
in the benthic signal (~241 kyr) suggest a potential warming of bottom waters
due to the reinstatement of circulation inducing calving of the glacial ice sheet.
Neogloboquadrina pachyderma, a polar species living during the coldest part
of the year, lags the benthic depletion in δ18O by ~2 kyr implying the winters
to start warming up before the other seasons notice a profound effect of the
Termination. The other planktonic species (G. bulloides, G. glutinata, G. inflata,
G. truncatulinoides and N. incompta) show a very mild, gradual depletion lagging
N. pachyderma by ~2 kyr. The return to interglacial δ18O values at ~230 kyr within
~2 kyr suggests the final stage of Termination III is very rapid and the seasonal
hydrological buildup of the water column is restored in a relatively brief period.
During MIS 7e there is a differentiation between species living at the surface and
intermediate-deep dwellers, likely a result of the reconfiguration of the various
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Figure 6.2. (a) Mean planktonic oxygen isotope curves for G. bulloides, N. pachyderma,
G. inflata and G. truncatulinoides. The δ18O records are based on analysis of 20
single specimens for the 300-355 µm size fraction for G. bulloides, G. inflata and G.
truncatulinoides and 20 single specimens for 250-300 µm of N. pachyderma. (b) Bulk
planktonic oxygen isotope curves for G. glutinata and N. incompta and benthic curve for
C. wuellerstorfi. Stable oxygen isotope ranges for (c) G. bulloides and N. pachyderma and
(d) G. inflata and G. truncatulinoides. Marine Isotope Stages (MIS) are indicated at the
top. Length of sub-stages from SPECMAP [Martinson et al., 1987].
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North Atlantic water masses with the retreat of the polar front. Neogloboquadrina
pachyderma continues to remain more enriched than the other planktonic
species at the onset of MIS 7e, however this offset relative to deep dweller oxygen
isotopes decreases before later increasing to become more enriched close to the
onset of MIS 7d. The other planktonic foraminifera species decrease in mean
δ18O during the lower part of MIS 7e however not at the same magnitude as N.
pachyderma. Benthic δ18O closely follows the N. pachyderma curve albeit with a
lag of 2 kyr suggesting a sluggish poorly ventilated deep ocean not so dissimilar
to glacial conditions. The transition into sub-stage MIS7d represents a return to
colder conditions as one of the two (MIS7b) relatively brief colder stages during
MIS7. Mean δ18O values of G. bulloides, G. glutinata, G. inflata, G. truncatulinoides
and N. incompta show a (slight) enrichment in δ18O after the onset of this drop
during MIS7e. Cibicidoides wuellerstorfi reaches glacial δ18O values (Figure 6.2b)
potentially an indication that temperatures dropped far enough to cover the
Norwegian Sea with an ice sheet decreasing, and possibly completely ceasing the
formation of NADW.
6.3.2 Deducing seasonality from single specimens
For a detailed reconstruction of ocean changes we employed multi
species SSA, which allows extraction of the isotopic variability within the species
for the time covered by the sample. Ganssen and Kroon [2000] for example,
showed that the multi-annual temperature range may be extracted using this
approach. Here we investigate how seasonality can be deduced from SSA of
planktonic foraminifera combined with multiple other proxies of Termination
III. Surface dwelling N. pachyderma shows a peak in δ18O range (~3.0 ‰) at ~246
kyr (Figure 6.2c) caused by individuals with more depleted δ18O values attributed
to isotopically light meltwater during HE15. Globigerina bulloides (Figure 6.2c),
G. inflata (Figure 6.2d) and G. truncatulinoides (Figure 6.2e) seem unaffected by
this meltwater signal, potentially because of a limited time span in which these
species calcify when the ice rafting induced reduction in salinity is minimal. The
range in δ18O of G. bulloides and N. pachyderma increases towards the transition
from glacial to MIS7e (Figure 6.2c) implying an increase in seasonal variability in
SST but also large amounts of fresh water influx affecting these surface dwellers.
This range decreases again towards the presumably colder interglacial sub-stage
MIS7d. Furthermore, the deeper living species G. inflata and G. truncatulinoides
reveal no clear trend in range in δ18O apart from a drop at Termination III and a
slow increase during MIS7e as to be expected with the low temperature/salinity
variability within their depth habitat (Figure 6.1).
6.3.3 Meltwater events
Detecting temperature changes from the oxygen isotope ratio present in
foraminiferal shells alone is not possible as it is a product of the ambient δ18O
and temperature during growth. Here the change in proportion between N.
pachyderma (predominately sinistral coiling) and N. incompta (predominately
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dextral coiling) provides an additional tool [Darling et al., 2006]. In our record,
this ratio shifts from ~2 to ~87 % corresponding in the modern ocean to a
temperature range between 4-10 °C, and thus between the polar and sub-tropical
water masses this proportion can be used to estimate annual average SST [Darling
et al., 2006]. Combined with this record, isotopic shifts can be inferred to be either
actual temperature shifts or meltwater events. An increase in N. pachyderma has
previously been identified as an indicator for the invasion of polar water at the
core location [Penaud et al., 2008]. Between 250 and 242 kyr the depletion in
oxygen isotopes, following the peak in IRD (Figure 6.3e), appears synchronous
with a shift in the coiling ratio (Figure 6.3b). This implies that the HE likely led
to cooling and freshening of the North Atlantic. Generally if an isotopic shift
occurs exclusively in one species, the causal event is interpreted to be limited to
a particular season. Seasonal changes, therefore, can be tracked through both
intra-species variability and inter-species offsets. This is also confirmed by the
standard deviation of N. pachyderma (Figure 6.3c) and the isotopic difference
between N. incompta and N. pachyderma (Figure 6.3d) as a measure of the extent
of the growing season and the seasonal contrast. Across the whole record these
parameters show a negative correlation (r2=0.4338; n=26; Suppl. S6.2), which
we postulate to indicate the difference between the two species is small and N.
pachyderma has a longer growing season. Thus it is also plausible that during this
meltwater event, at 250 and 242 kyr, conditions favored the cold N. pachyderma
increasing its growing season and marginalizing the warmer N. incompta which
likely obscured the meltwater spike. Following this event these proxies show that
temperature declines even after the apparent ice volume maxima at 242 kyr, based
upon benthic isotopes (Figure 6.3j), until the termination at 230 kyr. Between 230
and 218 kyr the oxygen isotopes and coiling ratio diverge, likely indicating an
increase in ice volume between 230 and 226 kyr during the rise in temperatures
followed by a decrease at 226 kyr. The onset of the Heinrich event during the cold
stage of MIS 7d occurs with a drop in temperature prior to a meltwater spike,
although this is smaller in amplitude than the preceding HE during MIS 8.
6.3.4 Freshwater stratification
Heinrich Events 14 and 15 likely induced freshwater stratification around
the core site. For the modern ocean a proxy for stratification was introduced by
Ganssen and Kroon [2000] using a north-south transect of box-core tops in the
North Atlantic. Based upon the investigation of the modern latitudinal variability
in planktonic foraminiferal stable isotopes they observed that G. bulloides dwells
at a shallower depth then G. inflata. Hence, the difference (Δδ18O) between
these surface and subsurface dwellers can be converted into an approximate
temperature difference by taking into account that a change of -0.22‰ occurs per
°C increase (Figure 6.3g). When this difference equals (or approaches) zero, such
as for example occurring in the modern ocean at approximately 58°N, the water
column was mixed down to the permanent thermocline, while higher values
indicate a stratified water column [Ganssen and Kroon, 2000]. Applying this index
to our data indicates that conditions during MIS 7 were similar to the present

1
2
3
4
5
6
7
8
9
R&A

129

C. wuellerstorfi δ18O VPDB (‰)

G. bulloides
(# per gram)
T difference (0C)
G. bulloides and G. inflata

130

2.0

4.5

1.0

1500

5

3

0

2500

2000

2.5

4.0

200

210

0.5

Ice Vol.
Increase

3.5

220

Temperature
Increase

230

H14
Temperature
Decrease

MIS 7e

Age (kyr)

230

240

MIS 8

240

250

(b)

0.6

0.4

0

58°N

250

260

1.0

3.0

3.5

4.0

(d)

0.2

0.0

(e)

1000

(f)

(g)

4

45°N

1

(h)

1500

1000

500

0

(j)

3.0

T-III

H15

MIS 7d

260

10
20

1.5

30

40

2.0

50

2.5

60

70

80

-0.5
0.0

0.5

1.0

1.5

2.0

2.5

20

10

0

-10

-20

0.0

1.0

(i)

2.0

>110C

0

100

80C
Annual Average SST (0C)

(a)
N. pachyderma coiling ratio (%)

220

<50C

1.2

210

Difference N. incompta
and N. pachyderma (Δδ18O)

N. pachyderma δ18O VPDB (‰)
200

Change in insolation
at 45 0N (W/m2)

N. pachyderma
standard deviation (δ18O)

0.0

Difference small and large
G. inflata (Δδ18O)

IRD (# per gram)

Chapter 6

Age (kyr)

90

(c)

0.8

500

2

Upper ocean seasonal variability

interglacial, while during MIS 8 the ocean at our core site was predominately well
mixed, a state similar to the modern observations at 58ºN (Figure 6.3g). During a
peak in mixing between 242 and 232 kyr, the abundance of G. bulloides and IRD
as well as the standard deviation of N. pachyderma increases pointing to elevated
fresh water influx.
In order to further examine this fresh water input we calculated the
difference between the δ18O of different sized G. inflata shells (Figure 6.3h). As
foraminifera calcify at different depths during ontogeny it stands to reason that this
can be used as a stratification index (Figure 6.3g) without the potential variability
associated with ecological differences between different species. We utilize the
difference between the shallower dwelling small sized individuals (212-250 μm)
and larger deeper individuals (>250 μm) as the distribution pattern of these size
fractions is an indicator for stratification. Intriguingly whilst the general trends
between both indexes show similarities there are distinct intervals in which
they deviate (Figure 6.3h). Remarkably, the difference between small and larger
specimens of G. inflata decreases approximately halfway between a minima and
maxima in insolation. It also has a statistically significant relationship to the first
derivative of the seasonal difference in insolation, i.e. the direction and rate of
change of insolation (Figure S6.3). This relationship appears to show a different
trend dependent upon the climatic state, with a positive trend during glacials
(n=12; r2=0.43; Suppl. S6.3) and a negative trend during interglacials (n=14;
r2=0.47; Suppl. S6.3). Were it to be a shoaling of the depth habitat then larger
specimens would be expected to show similar values to smaller specimens.
In the temperate and polar regions the depth of the mixed layer varies
seasonally. Convection of cooled surface waters in combination with wind-driven
turbulence results in downward mixing during late fall and winter leading to a
progressive deepening of the mixed layer. Variation in the ocean-land differential
heating directly affects the influence of wind strength in the region and thus the
strength of wind driven turbulence that mixes the upper ocean. The fact that these
events occur halfway between a minima and maxima in insolation may suggest
that the wind regime over this region of the North Atlantic is particular sensitive
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Figure 6.3. (opposite page) (a) Oxygen isotope of N. pachyderma plotted alongside (b)
the coiling ratio of N. pachyderma versus N. incompta (in % N. pachyderma) with an
addition temperature axis as derived from Darling et al. [2006]; (c) the standard deviation
of N. pachyderma and the (d) Δδ18O between N. pachyderma and N. incompta; (e) IRD
abundance; (f) insolation change at 45 °N; (g) stratification index as per the study of
Ganssen and Kroon [2000], i.e. δ18O of G. bulloidesminus δ18O of G. inflata converted to
temperature using a linear approximation of -0.22 ‰ per degree Celsius for the equation
of Kim and O’Neil [1997]; (h) Δδ18O between large (>250 μm) and small (212-250 μm)
G. inflata; (i) abundance of G. bulloides and (j) benthic oxygen isotope curve for C.
wuellerstorfi.
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to the reduction in seasonal temperature extremes. This evidence is supported by
terrestrial records. Pollen data shows that during periods of mixing the interglacial
forest extended into south-western Europe [e.g. Roucoux et al., 2007], replaced by
barren more arid conditions during stratification. These millennial scale climate
fluctuations have been linked to similar events (YD) during Termination I using
high resolution pollen records from the Mediterranean [e.g. Fletcher et al., 2013].
Likewise, the shift in both the abundance (Figure 6.3i) and the oxygen
isotopic standard deviation of G. bulloides corresponds to a change in the
insolation difference between March and June (n=26; r2=0.33; Figure 6.4), the
growing season of this species. This means that, when the difference between the
two seasons is greatest the growing season is reduced. Hence the surface species
has a ‘reduced’ range of values. Replenishment of nutrients via the decomposition
of organisms necessary for the phytoplankton prey of G. bulloides is dependent
upon turbulent processes, i.e. wind stress and internal waves, to recycle and
retrain nutrients into the euphotic zone. The destabilisation of the water column
allows the replenishment of nutrients into the nutrient limited euphotic zone,
creating the formation of a bloom that successive migrates pole-wards during the
year. It is postulated that during periods of reduced seasonality the stratification
that exists during the summer months was likely not as strong as it is today.
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6.3.5 Processes: rates and magnitudes
Movement of the polar front has strong implications for the extent of
sea ice cover over the North Atlantic and, subsequently, for the movement and
formation of different water masses [Adkins, 2013]. Furthermore, these long and
short term perturbations in the mid-latitudinal North Atlantic influence the faunal
population (i.e. planktonic foraminiferal population) by changes in temperature,
salinity (fresh water input by icebergs), movement of water masses and nutrient
availability. The different depth and ecological preferences inherent between
species of planktonic foraminifera allows for the reconstruction of seasonality (i.e.
relative duration of warm and cold season). Milankovitch [1941] stated that the
seasonal contrasts between warm and cold months enabled the build-up of icesheets ensuring a series of feedback mechanisms that would initiate a glaciation,
our results confirm a reduced seasonality for the glacial period (MIS8). However,
our results also show that a seasonal shift occurs between sub-stages concurrent
with a shift between warm (MIS7e) and cold (MIS7d) interglacial periods.
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Supplementary Information: The faunal response of planktonic foraminifera
S6.1. Species Ecology
Globigerina bulloides is an opportunistic species with a preference for high
productivity areas occurring in the upper 200 m and is spinose and non-symbiotic.
Neogloboquadrina pachyderma (sinistral) (hereafter referred to as N. pachyderma)
is a non spinose, non-symbiotic species calcifying in the top 200 m of the water column,
indicative for polar water masses (i.e. temperature and latitude). Changes in abundance
and geochemistry of N. pachyderma in the North Atlantic have been renowned to track
warming and cooling cycles correlatable to those of the Greenland ice cores. In addition,
changes in North Atlantic deep sea circulation seem to correlate to fluctuations in δ18O
and δ13C and abundance of N. pachyderma.
The non-spinose species Globorotalia inflata is considered to be a deeper dweller
calcifying down to water depths of 500–800 m with a narrower, intermediate depth
interval for the North Atlantic at 300-400 m water depth.
Globorotalia truncatulinoides is a deep-dwelling species, reproducing at ~600 m
with juveniles traveling back to surface waters to subsequently slowly sink down the water
column adding chambers during their descent, calcifying at depths down to ~800 m and
is therefore considered to record local hydrography down to the thermocline. For this
reason, and the suggested life span of this species of one year, (the geochemical signature
of) G. truncatulinoides has seen extensive scientific interest as a proxy for sub-surface
palaeoceanographic settings. In addition, the morphology (i.e. the coiling direction) of
G. truncatulinoides appears to be representative of water depth or different water masses.
S6.2. Analytical Methodology
Sediment samples were washed over a >63 μm test sieve, dried overnight prior
to being subdivided through dry sieving into 212-250 μm; 250-300 μm; 300-355 μm and
355-400 μm and >400 μm size fractions. Further subdivision using an OTTO microsplitter
(>250 specimens) was performed for ease of faunal abundance counts under binocular
light microscopy as grains are similar for quick and a more reliable species determination.
Single specimen of G. bulloides, G. inflata, G. truncatulinoides and N. pachyderma and
grouped isotope measurements of N. incompta, the surface dweller Globigerinita glutinata
(2 groups of 10 specimens) and the benthic foraminifera Cibicoides wuellerstorfi (2 to 10
specimens depending on availability) were analysed on a Thermo Finnigan Delta+ mass
spectrometer equipped with a GASBENCH II preparation device. Samples were placed
in a He-filled exetainer vial and digested in concentrated H3PO4 at a temperature of 45
°C. Subsequently the CO2-He gas mixture is transported to the GASBENCH II by use of
a He flow through a flushing needle system where water is extracted from the gas using a
NAFION tubing. The extracted CO2 is analysed in the mass spectrometer after separation
of other gases in a GC column. Isotope values are reported as the standards denotation
δ13C and δ18O in per mil versus V-PDB. Reproducibility of routinely analysed lab CaCO3
standards is within 0.12‰ (1 σ) for both δ18O and δ13C.
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Figure S6.1. Taxonomy of foraminifera utilised within this study.
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Figure S6.2 Relationship between the isotopic difference between N. pachyderma and
N. incompta and the standard deviation of single specimens of N. pachyderma showing
that when there is a large difference between the two species there is a smaller standard
deviation.
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Figure S6.3 Globorotalia inflata size differences as an indicator of water column
stratification. Difference between 212-250 μm and >250 μm G. inflata compared with
the first derivative of the seasonal difference at 45°N, red represents samples from the
Interglacial MIS7 and blue represents samples from the Glacial MIS8.
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Figure S6.4 The standard deviation of N. pachyderma compared with the first derivative
of the seasonal difference at 45°N, red represents interglacial samples note that when the
outlier is removed the r2 increases to 0.55. Blue represent glacial samples, the fact that
there is no correlation with seasonality could represent a change in this species response
to similar conditions.
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