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Outline: Emphasis on ecological signals

• Quick overview based largely on our earlier work on global cyst modeling, 
but with updates from work since

Methods used
• Document recent cyst assemblages in region with known variation in 

important ecological parameters: SST, SSS, disolved nutrients, coastal-neritic.

• Compare cyst data with ecol. parameters

• Statistical treatments: CA, CCA  (SMES – methods are published)

• Model ecological signals FOR USE IN PALEO-ENVIRONMENTAL 
INTERPRETATIONS



Ecologic signals from living 
cysts: global distributions



Sometimes 
very quickly!

Ecological change: a main driver for biostrat.

NB Other plankton much 
more affected than  
Dinoflagellates

e.g. K-Pg Boundary.
Probably explains why
some most common 
genera today are ancient 
cyst-formers -  Gonyaulax 
and  Protoperidinium
 



Ecological signals important in biostrat.

• Water temperature – climate change – paleoclimate

• Coastal/oceanic – picking shelf edge in basin modeling

• Salinity – climate change/SL change/ oceanic influence

• Dissolved nutrients – paleoproductivity

All are potential influences on LOCAL palynology boundaries:
First/last occurrence of species and relative species proportions in assemblages

2 most important in 
statistical database



Main sampling regions - recent cysts
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cysts reflect the standard biogeographic 
zones (benthic & plankton stages 
like molluscs) so excellent climate 
indicators!

sub-polar/temporate 
Biogeographic boundary

Standard biogeographic zones in the 
ocean from mollusks, fish etc.

Cf range charts in biostratigraphy

Environmental 
change

Cooling

warming

Temperature signalTemperature signal



Sub-polar/temporate biogeographic boundary: data



Nutrient signals – Upwelling and Eutrophication

2 main signals – 1) upwelling and 2) eutrophication (later )

2 types of upwelling: permanent
and periodic

Permanent upwelling – increased heterotroph cysts

Periodic upwelling more like eutrophication signals



High % heterotrophs in permanent upwelling and 
many other high-nutrient systems

Mainly Protoperidinium

Permanent upwelling signal

But note – associated dominance of 
cosmopolitans as nutrients less

Permanent upwelling signal



Temporary upwelling is weaker - signal reflects this

Blooms of L. machaerophorum
In areas of upwelling relaxation

Bringué, Pospelova and Pak, 2013

NB: Relaxation phase other regions – 
other bloom species
e.g. O. centrocarpum – S. Africa;    
       G. catenatum - Portugal

Example - sediment trap from California:



Eutrophication signals  - the Oslofjord

• Ideal example to study pre/during and post-eutrophication

• Mid-1800s - First large industry in Oslo area
• Rapid population increase

• Early 1900s - First sewage disposal outlets to Oslofjord
• Widespread during 1930s (WC)

• 1950s - worst eutrophication - collapse of local fishery

• 1960s-1970s - gradually more treatment

• 1982 - large new treatment plant in outer fjord
• > 20 years recovery until today
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Increased O. centrocarpum - opportunistic species- signals 
environmental change 
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New insight into nutrient signals for palynology

• Increase/dominance of heterotrophs is only one indicator of increased nutrients

• Temporary upwelling and eutrophication include increased opportunistic species as main 
signal.

For palynology:
Now recognize general range of signals – cosmopolitans to heterotrophs - with 
nutrient increase . Not just increase in heterotrophs.
And remember not all brown cysts are heterotrophs 

and not all protoperidiods are brown.



Coastal/oceanic signal
oceaniccoastal shelf

Most cyst-forming 
species
coastal

Shelf –
coastal/outer 
neritic species

Shelf-
edge

“spike”
Cosmopols

Outer neritic/oceanic 
species

Oceanic species

If shelf broad enough



Species: Reduced processes in Lingulodinium, Operculodinium and Spiniferites

Salinity signal

Assemblage: Reduction in diversity to just most cosmopolitan (opportunistic) species.

In extremes, even towards indigenous species, e.g. in Baltic Sea



Sorting out the signals: a job for biostratigraphers

• Overlapping signals may need sorting out

• Despite eventual help from AI, we still need Biostratigraphers!

Examples from our work
Using SMES we were able to separate signals: 
1. in living cysts 
2. in the interplay of sea-level rise, salinity and nutrients in the Paleocene-Eocene 

thermal maximum (PETM) dinoflagellate cyst assemblages from Spitzbergen -
part of an interdisciplinary project organized by Ian Harding, and 

3. in industrial projects.



Sorting out the signals in living cysts - Norway

• Signals often mixed in a 
region/basin

• SMES identifies 
different signals

e.g. temperature signal 
from biogeographic 
boundary

Salinity signal from Baltic

SMES Statistical treatments 
– CA picks out ecological 

signals



 IN           SH1     SH2      ON1  ON2   OC1    OC2 
 Inner neritic                Shelf              Outer neritic         Oceanic 

 
            
                   
 
 
 
 
 
 
 
 

shelf 
edge 

Combines  topographic (e.g. shelf) and hydrographic (neritic)  terms

identified key indicator species for ON1, ON2, OC1 for:

9 time-slices Cenozoic – E, L Paleocene, E,M,L Eocene, E,L 
Oligocene, M-L Miocene, E Pliocene
+12 L. Cretaceous – L Albian, E,M,L Cenomanian, Turonian, 
Coniacian, E,L Santonian, E,L Campanian, in Statoil project.
                                                                                                                             

Identifying rel. water depths for longer geological sequences to pick flooding surfaces

Picking shelf edge 
may be useful info. for 
basin modelling?

What SMES can do for biostrat – SL change
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Impletosphaeridium spp. 

 PALEOCENE 

Palaeoperidinium pyrophorum 

Thalissiphora pelagica 

 IN           SH          ON       OC  
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           Areoligera spp. 
 
 
 

    Spiniferites ramosus group 

  Glaphyrocysta ordinata 

    Hystrichospaeridium tubiferum 

Nematosphaeropsis spp. 

Impagidinium spp. 

key indicator species Integrated from same 4 wells 

Both presence and 
relative amounts 
important
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"Depthcurves" E. Maastr.-E. Campanian from CA axes 1-2
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CA of Micro and Paly compared for Paleogene

depth

-3
-1
1
3
5
7
9

11
13

-4
-2
0
2
4
6
8

10
12
14

CA
 B

en
th

ic 
fo

r a
m

s

C A
 B

en
th

i c 
Fo

r a
m

s :

A x
i s  

1

A x
i s  

2L.
 O

li g
.

E.
 O

l ig
o c

en
e

L.
 E

oc
en

e

M
.  E

o c
e n

e

E .
 E

oc
en

e

L.
 P

al
eo

ce
ne

-3

-1

1

3

5

-2

0

2

4

CA
 M

icr
o

-3

-1

1

3

5

-4

-2

0

2

4

6

CA
 D

in
os

CA
 M

IC
R O

:

Ax
is  

1

A x
i s  

2

C A
 D

in
o s

:

Ax
is 

1

Ax
is  

2

Different microfossil 
groups contribute 
different 
information



Dinoflagellate cysts in deep-sea sediment traps around the northern North 
Atlantic: implications for paleoceanography

Barrie & Amy Dale

Living cysts we are working on now

A serious look at 
the Oceanic 
Signal!

Amy and Barrie Dale


Dinoflagellate cysts in deep-sea sediment traps around the northern North Atlantic: implications for paleoceanography
Barrie & Amy Dale
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Background and objectives

Long recognized that cysts in bottom sediments seem to reflect basic water masses and biogeographic zones in the oceans.



Indicator species have been identified for major environmental parameters (e.g. SST, low-salinity, high nutrients, and oceanic waters).



Cysts thus have potential for reconstructing paleoceanography from deep-sea cores, and great efforts have been made to develop statistical methods using cysts in present-day surface bottom sediments as modern analogues. If cysts produced in surface waters are rapidly transported to deep-sea sediments, bottom assemblages should directly reflect environmental parameters from surface waters – as the basis for accurate modern analogues.



Our study investigates cysts from deep-sea sediment traps:





How do cysts in present-day near-bottom waters (traps) compare with cysts in bottom sediments used as paleoceanographic analogues?



Do cell-contents in cysts from traps suggest evidence of the expected seasonality in surface plankton – in support of rapid transport?









Fram Strait (FS)

2527m

1984-85

Greenland Basin (GB)

3445m

1985-86

Iceland Plateau (IP)

1880 m

1988-89

Aegir Ridge(NA)

3058 m

1985-86



Bear Island (BI)

2123 m

1984-85





Barents Sea (BS)

472 m

1989-90

W. Barents Sea(BAS)

2123 m

1989-90

Norwegian Basin(NB)

3296 m

1985-86





Lofoten Basin(LB)

3296 m

1985-86

 Traps situated between 400-600 m above seafloor

 Exception: Barents Sea Shallow, which was 100m above seafloor in water depth of 472m

 Sampling interval monthly or bimonthly (NB) throughout one year

We studied cysts in 9 sediment trap stations in Nordic & Barents Seas

3 new sites included here







Here we compare sed. trap data with N=1492 dataset (bottom seds.) from DeVernal et al. used for reconstructing paleoceanography in Nordic Seas









sediment trap station



Bottom sediment sample 

DeVernal et al. (ref: GEOTOP)

Limitations:

 seds. =  many years?

Traps = only several years

Hydrographics = tens of years

But still interesting comparison:

*Are cyst assemblages comparable?

*Do cysts with cell contents from traps

suggest seasonality supporting direct,

rapid transport from overlying surface

 waters?



Shows relevant information for attempts to reconstruct paleoceanography



How precisely cysts reflect over-lying surface waters now?







How do % total cysts in traps compare with nearest bottom sediment?



Main cyst types (> 5%)

Darker = sediment trap samples

 lighter = DeVernal et al. surface samples

much more in seds

much more in traps



Much more O. centrocarpum in seds



Much more Br. sp.protoperidinioids in traps



More P. daleii, I. minuta & I. pallidum in traps from some regions (biogeographic signals)



Sediments show integrated with 1000 years vs. today, cooler.
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O. centrocarpum

OCEN	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	72.106824930000002	78.41269840999999	71.479289940000157	81.414473680000285	69.11057692	79.207920790000159	73.879142299999842	27.542372879999917	48	Ocen TRAP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	1	12	5	22	17	16	3	2	6	P. daleii

PDAL	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	8.3086053409999998	1.2698412699999975	2.7218934910000003	2.4671052630000005	16.706730769999989	4.4554455449999955	0.97465886940000124	0.84745762710000005	3.2	Pdal TRAP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	11	6	7	2	24	25	5	4	92	N. labyrinthus

NLAB	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	8.6053412460000001	13.015873020000001	12.781065089999998	6.0855263159999975	4.206730769	7.6732673270000014	6.8226120859999995	25.847457630000001	25.6	Nlab TRAP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	6	4	19	6	0.5	13	3	3	0.2	Br. sp.protoperidinioids

BSPP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	6.2314540059999999	3.8095238100000004	8.9940828400000008	0.65789473680000221	0.12019230770000014	0.7425742574000016	4.2884990250000099	11.864406780000019	9.6	BSPP TRAP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	46	49	49	43	21	19	31	32	0.8	I. minuta

IMIN	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	0	0.95238095240000065	0	0.1644736842	1.682692308	2.4752475249999977	9.3567251460000005	9.3220338980000275	0.8	Imin TRAP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	1	2	1	14	22	10	21	12	0	I. pallidum

IPAL	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	1.1869436200000001	0.95238095240000065	0.94674556210000138	0.49342105260000002	1.322115385	1.9801980200000024	1.3645224169999999	22.881355930000005	12.8	Ipal TRAP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	4	2	6	1	0.5	9	33	47	0.8	S. elongatus

SELO	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	0	0.63492063490000183	0.59171597629999995	2.4671052630000005	5.048076923	1.7326732669999998	1.5594541909999977	0.42372881360000092	0	Selo TRAP	NA	LB	NB	BAS	BS	BI	FS	GB	IP3	4	1	0.5	1	8	1	1	0	1.8	What do cell contents show?

Barents Sea Shallow  

shows clear seasonality

P. dalei





O. centrocarpum





S. elongatus





P. americanum





Sph. Br. protoperidinioids





I. minuta



cyst  fluxes (#/m2/day) at Barents Sea

dark = cell contents      

light = empty cysts

May 

Jun

 Jul

 Aug

 Sep

 Oct

 Nov

 Dec

 Jan

 Feb

 Mar

 Apr



autotrophs

Heterotrophs

Total cyst flux





7889	3445	1643	7697	5389	465	519	224	141	255	43	11	P.dal	0	0	14.042735042735044	0	641.5476190476187	95.240963855421683	632.42475728155341	16.8	0	611.54761904761881	65.166666666666657	137.13194444444446	44.888888888888886	P.dal(cc)	0	0	0	0	2245.4166666666661	89.638554216867448	1537.6601941747574	50.4	0	22.23809523809523	0	0	0	O. cen	117.1633663366336	0	14.042735042735044	666.8193069306933	106.92460317460316	50.421686746987952	582.82281553398047	56	0	444.76190476190459	99.166666666666686	173.51388888888886	25.25	O.cen(cc)	0	0	0	3372.2004950495048	1015.7837301587305	112.04819277108435	1475.6577669902911	33.6	0	22.23809523809523	0	0	0	S. elo	0	0	14.042735042735044	95.259900990099013	96.232142857142819	11.204819277108436	111.6043689320388	16.8	0	61.154761904761898	8.5	2.7986111111111112	2.8055555555555554	S. elo(cc)	0	0	0	2572.0173267326741	588.08531746031781	50.421686746987952	520.82038834951459	16.8	0	5.5595238095238093	0	0	0	P. ame	0	61.88622754491017	337.02564102564105	0	0	0	0	0	0	0	0	0	0	P. ame (cc)	0	268.17365269461078	589.79487179487194	76.207920792079207	278.00396825396831	0	0	0	0	0	0	0	0	SpBP	117.16336633663363	1505.8982035928141	533.62393162393153	285.77970297029691	320.77380952380946	50.421686746987952	161.20631067961165	16.8	0	116.75	34	13.993055555555557	14.027777777777777	SpBP(cc)	468.65346534653469	825.14970059880261	14.042735042735044	533.45544554455444	64.154761904761898	0	24.800970873786405	5.6	0	0	0	0	0	I. min	1835.5594059405944	453.83233532934145	28.085470085470089	19.051980198019809	32.077380952380956	0	12.400485436893204	5.6	0	61.154761904761898	22.666666666666671	30.784722222222214	8.4166666666666661	I. min(cc)	4998.9702970297021	123.77245508982035	70.213675213675216	38.103960396039611	0	0	0	0	0	0	0	0	2.8055555555555554			Sample ID 		OPEN DATE		CLOSE DATE		I. min(cc)		I. min		I?.cez		P. ame		P.con		SpBP		O.cen(cc)		O. cen		P.dal		S. elo(cc)		S. elo		I. pal(cc)		I. pal		I. Sph 		N. lab		Calc cysts		S. tro

		BI1-1		12.aug.84		11.sep.84		 		 		 		 		 		4		 		 		1		 		1		 		1		 		7		 		 

		BI1-2		11.sep.84		11-Oct-84		 		1		 		1		 		3		 		 		 		 		 		 		3		 		3		 		 

		BI1-3		11-Oct-84    		11.nov.84		 		 		 		1		 		11		 		2		2		1		 		 		1				1		 		 

		BI1-4		11.nov.84		11-Dec-84		 		 		 		 		 		5		 		 		4		 		 		1		1		 		5		 		 

		BI1-5		11-Dec-84    		12.jan.85		 		6		2		 		 		13		 		19		74		 		1		 		7		 		4		5		 

		BI1-6		12.jan.85		11.feb.85		 		1		1		 		 		3		 		2		8		 		 		1		 		 		1		 		 

		BI1-7		11.feb.85		12.mar.85		 		4		1		 		 		11		 		10		4		 		 		1		1		 		5		 		 

		BI1-8		12.mar.85		11.apr.85		 		4		1		1		 		9		 		8		8		 		 		1		3		 		 		 		 

		BI1-9		11.apr.85		12-May-85		1		5		 		 		1		6		 		23		11		 		1		3		5		 		8		1		 

		BI1-10		12-May-85    		11.jun.85		 		4		2		 		 		9		 		13		6		 		 		 		2		 		1		1		1

		BI1-11		11.jun.85		11.jul.85		6		12		6		 		 		2		 		7		5		 		 		1		 		 		10		 		 

		BI1-12		11.jul.85		10.aug.85		1		29		11		 		 		14		1		21		16		 		1		2		6		 		16		6		 

		 BI-TOTAL		 		 		8		66		24		3		1		90		1		105		139		1		4		10		30		0		61		13		1



























 



Bear Island: 2123m

I. pallidum and

I. minuta w/ contents



Barents Sea: 472m

I. minuta, I.? cezare, 

P. americanum, SpBP,

O.centrocarpum, P. daleii, 

S. elongatus  w/ contents

		Sample ID 		OPEN DATE		CLOSE DATE		I. min(cc)		I. min		I?.cez(cc)		I?.cez		P. ame (cc)		P. ame		P. con(cc)		P.con		SpBP(cc)		SpBP		O.cen(cc)		O. cen		P.dal(cc)		P.dal		S. elo(cc)		S. elo		I. pal		I. sph		N. lab		Calc cysts		S. troch

		BS1-1		18-May-89		15.jun.89		128		47 		5		 		 		 		1		2		12		3		 		3		 		 		 		 		 		 		 		 		 

		BS1-2		15.jun.89		13.jul.89		6		22 		4		1		13		3		1		4		40		73		 		 		 		 		 		 		 		 		 		 		 

		BS1-3		13.jul.89		10.aug.89		5		2		1		1		42		24		 		 		1		38		 		1		 		1		 		1		 		 		 		 		 

		BS1-4		10.aug.89		07.sep.89		2		1		1		1		4		 		 		 		28		15		177		35		 		 		135		5		 		 		 		 		 

		BS1-5		07.sep.89		05-Oct-89		 		3		 		 		26		 		 		 		6		30		95		10		210		60		55		9		 		 		 		 		 

		BS1-6		05-Oct-89		02.nov.89		 		 		 		 		 		 		 		 		 		9		20		9		16		17		9		2		1		 		 		 		 

		BS1-7		02.nov.89		30.nov.89		 		1		 		 		 		 		 		 		2		13		119		47		124		51		42		9		3		 		 		 		 

		BS1-8		30.nov.89		28-Dec-89		 		1		 		 		 		 		 		 		1		3		6		10		9		3		3		3		 		 		1		 		 

		BS1-9		28-Dec-89		25.jan.90		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 		 

		BS1-10		25.jan.90		22.feb.90		 		11		 		2		 		 		 		 		 		21		4		80		4		110		1		11		5		 		2		 		 

		BS1-11		22.feb.90		22.mar.90		 		8		 		 		 		 		 		1		 		12		 		35		 		23		 		3		1		 		4		 		 

		BS1-12		22.mar.90		19.apr.90		 		11		 		3		 		 		 		 		 		5		 		62		 		49		 		1		4		 		7		2		 

		BS1-13		19.apr.90		17-May-90		1		3		 		 		 		 		 		 		 		5		 		9		 		16		 		1		 		 		1		 		 

		BS-TOTAL		 		 		208		41		11		8		85		27		2		7		90		227		421		301		363		330		245		45		14		0		15		2		0







     brown = heterotrophs     green = autotrophs     blue = oceanic

Cell contents (3): Cysts counted at Bear Island & Barents Sea traps

Species with contents

seasonal

little seasonal influence - I. minuta 





Winter outburst sedimentation at Bear Island Trap
(Honjo et al., 1988)







2123m





Bear Island winter outburst









Barents Sea – cyst and sediment fluxes
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cyst flux	18-May-89	15.jun.89	13.jul.89	10.aug.89	07.sep.89	05-Oct-89	02.nov.89	30.nov.89	28-Dec-89	25.jan.90	22.feb.90	22.mar.90	19.apr.90	7889	3445	1643	7697	5389	465	5109	224	0	1401	255	403	101	theca flux	18-May-89	15.jun.89	13.jul.89	10.aug.89	07.sep.89	05-Oct-89	02.nov.89	30.nov.89	28-Dec-89	25.jan.90	22.feb.90	22.mar.90	19.apr.90	0	588	3212	1165	1445	0	246	0	0	0	3	0	3	total sediment flux	18-May-89	15.jun.89	13.jul.89	10.aug.89	07.sep.89	05-Oct-89	02.nov.89	30.nov.89	28-Dec-89	25.jan.90	22.feb.90	22.mar.90	19.apr.90	222	201	66	109	110	33	14	0	0	30	1	14	5	time (opening date for monthly sample)

cyst and theca flux (#/m2/day)

sediment flux /mg/m2/day)

CA of Sediment trap samples stations

How do cyst assemblages (%) compare – traps and sediments?

CA of DeVernal et al. nearest bottom sample-equivalent stations
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