
 

 

 University of Groningen

Temporal components of interspecific interactions
Samplonius, Jelmer Menno

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Samplonius, J. M. (2018). Temporal components of interspecific interactions. [Thesis fully internal (DIV),
University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/5e3b7e55-52bf-41b5-aca7-af8bea2d1cec


Jelmer M. Samplonius

General discussion and synthesis

Chapter 8

J.Sampl-thesis.Qxd_J.Sampl-thesis.Qxd  31-05-18  17:42  Pagina 157



Introduction

This thesis started out from the evidence that many animals adjust to climate change at
slower rates than underlying trophic levels (Visser and Both 2005; Thackeray et al. 2010),
and that this can have fitness (Durant et al. 2007; Reed et al. 2013b) and in some cases
population (Both et al. 2006) consequences. It also started from a small anecdotal obser-
vation in the field season of 2013, in which one of the coldest springs of the past century
caused tits and flycatchers to compete for nest boxes in unusual synchrony, ultimately
leading to a three species mixed brood (box A). This observation led me to think about
interspecific competition between tits and flycatchers and whether climate change could
affect interspecific synchrony by having a differential effect on the timing of interspecific
competitors, a topic that is rather rare in climate change literature. I hypothesized that
resident species could be expected to show a stronger response to temperature changes
than migratory species, since resident species generally spend the entire year at the
breeding grounds, allowing them to be more flexible in their response to changing condi-
tions. Migratory flycatchers on the other hand were expected to be constrained by their
arrival date in adjusting to climate change at the breeding grounds (Both and Visser
2001), preventing a strong phenotypic response to changing circumstances. Interestingly,
no standardized meta-analysis on the response of tits and flycatchers breeding in the
same populations was found, so this became one of the goals of this thesis.

In a broader ecological sense, I became interested in the potential limitations of the
question whether we can understand the timing response of one species by only looking
at the underlying trophic levels. For example, it had been proposed that adjustment to
climate change may not only be driven by underlying food peaks, but also by the pheno -
logy of predators (Both et al. 2009). In this thesis an alternative/additional mechanism
was hypothesized: that competing species within trophic levels may affect each other’s
optimal response, especially when they occupy a similar ecological niche. Our study
system of flycatchers and tits breeding in nest cavities turned out to be highly suitable to
study the outcomes of different types of interspecific competition, as it has been shown
that both exploitation (Gustafsson 1987; Sasvári et al. 1987; Török and Tóth 1988) and
interference competition occurs (Campbell 1968; Slagsvold 1975, 1978; Gustafsson 1988;
Merilä and Wiggins 1995), and tits and flycatchers also occupy a rather similar niche
during the nestling phase (Török 1986). Nevertheless, the question remained which
species groups within the resident-migrant continuum were expected to perform better in
a warming world, and whether the response of one species group could affect that of the
other. It was previously argued that long-distance migrants would do worse because of
competition with residents and partial migrants, who could progressively increase in
numbers  as winters become warmer, and hence occupy more breeding space (Berthold et
al. 1998). Evidently, many studies have studied how climate change could affect density
dependent components of interspecific competition, but only one paper discussed the
potential impact of climate change on temporal components of interspecific competition,
which found that flycatcher mortality increased when they bred more synchronously with
tits (Ahola et al. 2007). In order to understand how timing of one species might affect the
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settlement, timing, diet and fitness of another species, a more integrated approach
including both long-term and experimental work was required (this thesis). Ultimately,
we wanted to know whether phenological synchrony between tits and flycatchers could
be a driver of niche segregation in space, time, and prey choice.

In searching for literature on interactions between tits and flycatchers, I also stumbled
upon the work of Jukka Forsman and his coworkers in Scandinavia. Interestingly,
flycatchers were shown to eavesdrop on the information of tits with a very original
approach. Using artificial symbols attached to tit nest boxes, they showed that flycatchers
have a preference for empty boxes with tit symbols (Seppänen and Forsman 2007), and
this effect was strongest when tits were successful in terms of (simulated) brood size
(Forsman and Seppänen 2011; Seppänen et al. 2011; Forsman et al. 2012). The conclu-
sion of their repeated experiments was that flycatchers used these symbols linked to
manipulated reproductive traits of tits as information to select a nest box themselves. I
was rather skeptical about this work, because I found it hard to fathom that birds could
use arbitrary symbols to adjust their choices, so I decided to set up my own study on
social information use with artificial symbols (chapter 5). Interestingly, timing (or pheno -
logy) was again not discussed in any literature as a potential social cue, even though the
implications of Ahola et al. (2007) would be that flycatchers should avoid synchrony with
tits, as this leads to higher degrees of interspecific conflict, which the flycatchers generally
lose. Another goal of this thesis then became to study whether flycatchers could use tit
phenology as a social cue in their breeding site selection (chapter 4).

In chapter 2, I drifted a little from my ultimate focus, because in 2013 we decided to
replicate a study performed in the previous year, proving that nestling age affected the
diet parents brought to their nestlings . We also demonstrated the intertrophic effect of
timing, where flycatchers that were well matched with the caterpillar peak fed more
caterpillars, and also had offspring of higher condition. In chapter 3, we showed that tits
and flycatchers across ten European populations had differential timing responses to
temperaturechanges, with tits responding much stronger to annual variation in spring
temperature than flycatchers. This lead to a general divergence in synchrony between
these species groups with ongoing spring warming. In chapter 4, we experimentally
demonstrated that flycatchers adjusted their settlement decisions to the manipulated
timing of tits in the sense that they preferred forest patches with early hatching tits. This
thus shows that flycatchers use (heterospecific) information on the breeding phenology of
the tits when making settling decisions. Chapter 5 was somewhat of an intermezzo,
sparked by the interesting research done in the Forsman group. Unbeknownst to us when
initiating the study in 2014, we replicated a study (Jaakkonen et al. 2015) demonstrating
that social information use can be derived from both intra- and interspecific competitors,
and that this preference depends on the relative density of conspecifics and hetero -
specifics. In chapter 6, we used data from 2007-16 collected in our study population in
Drenthe, and confirmed previous research that flycatcher mortality in tit nest boxes is
indeed higher when they breed more synchronously with tits, and when tit densities are
higher. In chapter 7, we were unable to detect any effect of manipulated tit timing (same
experiment as chapter 4) on the nestling diet and growth of flycatcher offspring.
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However, later seasonal timing negatively affected dietary caterpillar proportions, and
offspring condition (the latter only in tits). In this final chapter 8, I will allow myself
some room for speculation to place my research in a wider context.

Differential adjustment to climate change between residents
and migrants

Anthropogenically induced climate change is one of the major threats to ecosystems, but
it also offers the opportunity to study how animals respond to changing conditions.
Adjusting to climate change might be achieved by being phenotypically plastic, or by
selection against late circannual timing genes (Charmantier and Gienapp 2013), or alter-
natively through an ontogenetic effect (Ouwehand et al. 2017). It is generally observed
that slopes (days per °C) of individuals match population responses, suggesting that most
adjustments happen through phenotypic plasticity (Charmantier and Gienapp 2013), but
most of these studies were done on tits (resident species). The mechanism of adjustment
may in fact differ between resident and migrant birds, because migrant birds have no
information on temperature at the breeding grounds before they arrive there from
wintering grounds that are thousands of kilometers away. Therefore, selection on arriving
early may operate in long distance migrants when temperatures change directionally. To
tentatively show this, in chapter 3 we ran “year” in the same model as “spring tempera-
ture”, demonstrating that on top of temperature responses, “year” explained additional
variation in advancement, but this effect of year did not differ between species groups.
However, we currently cannot demonstrate with population data that this is an evolu-
tionary change, as phenotypic plasticity may also simply operate through cues other than
temperature. Nevertheless, future studies could compare the responses of individual tits
and flycatchers and compare those to population responses to study whether climate
change operates mechanistically differently between residents and migrants.

In addition to this, it has been suggested that flycatchers may partly have adjusted
their phenology through evolutionary changes, because the individual slopes (days per °C)
were shallower than the population slopes (Both, in prep.). If this is true, flycatchers would
also be more rigid in their timing schedules, which would lead to early arrival even in
cold springs (if directional selection has operated in the past). In such cold springs, tits
would be relatively late (through their plastic response to temperature), and the synchrony
between tits and flycatchers would then be high, which chapter 6 showed can be deadly for
arriving flycatchers. More generally, if adjustment to directional changes operates through
different mechanisms in residents and migrants, it is possible that migrants fall into an
ecological trap (Robertson and Hutto 2006). Hypothetically, flycatchers will be forced by
their early timing  genes to arrive early at the breeding grounds after a set of warm years,
but will experience negative consequences of such early arrival in the occasional cold
years, for example because of increased fatal competition with great tits (chapter 6). It
would then be expected that tit timing or density can exert selective pressure on the
timing of flycatchers, but the question is how big we would expect this effect to be. 
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Consequences of temporal synchrony between competitors

If there is such a thing as a competition peak during the arrival period of migratory birds
(or more specifically for nest cavity breeders), then it would be expected that adjustment
to climate change is not only constrained by arrival date, but also by competition with
resident species. Migratory birds may be able to respond to this competition peak in
several ways, including adjusting their settlement decisions, adjusting their timing, or
adjusting their reproductive investment for the current year. To study whether the timing
response of flycatchers is affected by great tits, we used both long-term and experimental
data. In chapter 3, we showed with long-term data that part of the variation in timing of
flycatchers was explained by the timing of tits (in years with relatively late tits, fly -
catchers were relatively late), but we could not reproduce this experimentally (chapter 4,
no difference in flycatcher timing across manipulated tit timing treatments). Therefore,
the result in chapter 3 might be explained by any third variable other than temperature
which has affected the timing response of both tits and flycatchers. Moreover, the
flycatcher victims in chapter 6 were mostly late, immigrant males, which were rather
unlikely to get a female to contribute their (potentially)  later alleles to the gene pool
(chapter 4, late males have lower probability to get a female). Therefore, (to get back to
the question posed in the previous paragraph) I conclude that it is unlikely that selection
on early flycatcher timing is occurring through interspecific competition with great tits.
On top of that, only late females showed the differential settlement in response to tit
timing (chapter 4), adding to previous results showing that social information is mostly
used by inexperienced (later arriving) individuals (Seppänen and Forsman 2007). 

To study more broadly whether synchrony with great tits could affect the behaviour
and fitness of flycatchers, I performed experimental manipulations of tit timing. In
chapter 4, I experimentally demonstrated that flycatchers adjust their settlement deci-
sions based on the timing cues provided by great and blue tits, and in chapter 5 we
provided heterospecific and conspecific information, and demonstrated that flycatchers
copy the choice of the majority, which is strong evidence that heterospecific social infor-
mation use occurs in our study system. Chapter 4 and 5 clearly show that tits can have a
profound impact on the behaviour of flycatchers: flycatchers may adjust their settlement
decisions and move to habitats with relatively early breeding tits. Combined with the
analysis in chapter 6 that tits may become more abundant after warm winters, this might
have interesting consequences for social information use. For example, there might be a
tipping point at which flycatchers are more likely to copy tit behaviour than flycatcher
behaviour (chapter 5). When tits become more abundant after warm winters, flycatchers
may be more likely to copy their choices rather than the choices of their conspecifics
(chapter 5), the consequence of which is currently unclear. Hypothetically, the fitness
consequences could either be positive or negative. Copying tits may on the one hand be
positive in areas where tits are successful, which seems to be what flycatchers do
(Jaakkonen et al. 2015; chapter 5). The general rule of thumb appears to be: copy the
successful (Forsman and Seppänen 2011; Seppänen et al. 2011). On the other hand,
flycatchers may always do better to copy other (experienced) flycatchers, because they
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have a more similar niche. In this case, it would be expected that copying tits has nega-
tive fitness consequences. In this thesis, we have not tested whether flycatchers that copy
tit choices do better or worse than flycatchers that copy flycatcher choices, but this would
be an interesting avenue of future research. 

In chapter 7, we have attempted to demonstrate experimentally whether tit timing
may affect flycatcher prey choice and offspring condition. This was an important piece of
the puzzle to us, because both these species have in the past been shown to experience
negative consequences from mismatch with the caterpillar peak. We therefore expected
that if tits were more synchronous with flycatchers, that this may in general lead to some
degree of niche divergence and potentially fitness consequences for the flycatchers, being
the inferior competitor. We found nothing to indicate that flycatchers experience any type
of fitness consequences from phenological overlap with great tits (chapter 7). This was
surprising to us, as previous research had so clearly found a density dependent effect of
tits on the offspring condition of flycatchers (Gustafsson 1987; Sasvári et al. 1987). To
study in some more detail why we found no effect, we assessed the caterpillar families in
the diet of tits and flycatchers at the family level (Table 8.1). For this assessment we used
a subset of caterpillars that was brought to family level, which resulted in three main
groups, and some marginal groups. Here we focus on the three main groups (Geometri -
dae, Noctuidae, and Tortricidae). The result is that there is a rather even distribution of
these three main groups in tits, and a mildly skewed distribution toward Tortricidae cater-
pillars in flycatchers. However, this provides no convincing evidence that there is a clear
segregation of caterpillar prey types among tits and flycatchers. It must be noted that
these analyses focused on the late nestling stage of great tits, and the young nestlings of
pied flycatchers, and it is conceivable that later in the season flycatcher do differ more in
diet with the tits (both in caterpillar families with different phenologies (Naef-Daenzer et
al. 2000)). Another explanation for why no effect during the nestling phase was found is
the observation that there was differential settlement of flycatchers across tit treatment
groups (chapter 4, Figure 8.1, dash and dot line). This differential settlement may have
compensated for the negative effects that competition might have had during the nestling
phase.
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Table 8.1 Caterpillar family contributions to the nestling diet of  great tits (13–14 day old nestlings)
and pied flycatchers (4–5 day old nestlings) that we were able to identify at the family level. Data
come from 2015 and 2016, two years with low caterpillar densities. No compelling evidence of
niche segregation between tits and flycatchers in the use of caterpillar families was found.    

Geometridae Noctuidae Tortricidae

P. major 1108 (34.0%) 984 (30.2%) 1169 (35.8%)

F. hypoleuca 657 (25.2%) 736 (28.2%) 1216 (46.6%)
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The central question of this thesis was whether we could understand the optimal deci-
sions of migratory birds by only looking at underlying trophic levels, or whether interspe-
cific competition may also play a role in these adjustment patterns. We have clearly
shown that underlying trophic levels play a role in determining the optimal timing of pied
flycatchers (chapter 2), but we could not find much evidence that tits really affected the
timing of flycatchers (chapter 3 and 4). Synchrony between tits and flycatchers did affect
the intensity of interference competition (chapter 6), leading to differential settlement
patterns (chapter 4) of flycatchers. I have summarized these patterns in Figure 8.1. In
general we concluded that in our study system, resident tits adjust to climate change at
higher rates than migratory flycatchers, which to some extent will affect phenological
synchrony within this study system (chapter 3). We showed that this synchrony especially
affects competitive outcomes during the settlement phase of the arriving flycatcher. The
question remains how specific such patterns are to our study system. Differential pheno-
logical changes were also found in a study in Britain, where migratory flycatchers adjusted
their laying date slower than three resident species (again great and blue tits, but also
chaffinch, Fringilla coelebs (Phillimore et al. 2016). A recent meta-analysis also showed
that long-distance migrants adjust to temperature at lower rates than short-distance
migrants and residents (Usui et al. 2017), so we do think interpreting our results are more
broadly applicable, even though most of our effects were found during the settlement
phase.
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Figure 8.1 Ecological relationships between great and blue tits and pied flycatchers studied in this
thesis. Solid lines represent significant relationships, whereas dotted lines represent non-significant
ones. The dot and dashed line represents a hypothetical relationship that was not studied in this
thesis, which may explain why no effect was found of our experimental manipulation on exploita-
tion competition. 

J.Sampl-thesis.Qxd_J.Sampl-thesis.Qxd  31-05-18  17:42  Pagina 163



The consequences of differential phenological change could be that resident species
and short distance migrants will start occupying more suitable breeding locations, leading
to population declines in long-distance migrants (Both et al. 2010), especially those that
do not adjust their own phenology (Møller et al. 2008). Climate change has been
predicted to favour resident species at the cost of long-distance migrants, as after milder
winters more suitable nesting spaces are occupied by resident species (Berthold et al.
1998). This also relates to the biogeographical pattern of residents, which are relatively
much more abundant compared to migrants in more Southern (warmer) latitudes in
Europe (Herrera 1978). The question is what the role of differential phenological change
between residents and migrants is in these population patterns. Assuming that phenolog-
ical distributions overlap, if early breeding residents become even earlier compared to
later breeding migrants, it could be expected that they occupy more suitable breeding
territories. This could also negatively affect the population patterns of long-distance
migrants through interference competition for nesting opportunities (without there being
a density effect per se). In short, less synchrony could lead to more competitive exclusion
from suitable breeding areas. However, this effect is counter to our results, which show
that more phenological synchrony actually led to a higher degree of mortality (chapter 6).
So how do we interpret these seemingly different outcomes? What seasonal timing is
ideal for arriving migrants to both be well-matched with the food peak and avoid compe-
tition with residents? In our analyses the mortality of flycatchers was low when phenolog-
ical distributions overlapped a lot (like in the cold spring of 2013 when tits were
extremely late) or not at all (like in the warm spring of 2014), but high at intermediate
overlap. It seems like the best phenology for migrants would then be to arrive very early,
so they are both well-matched with the food peak and potentially avoid the negative
consequences of competition. However, it is well known that migratory species are
constrained by their arrival date, as they cannot predict the conditions at the breeding
grounds (Both and Visser 2001). On the other hand, conditions en route may select
against early arrival, causing additional migratory constraints (Brown and Brown 2000;
Both 2010b). Therefore, the quicker phenological advancement of resident species in
combination with them increasing in numbers after warmer winters is expected to nega-
tively impact populations of migratory birds, as was previously suggested.

Conclusion

Understanding the implications of climate change on species interactions within trophic
levels may be as important as understanding its intertrophic effects (chapter 2). If compe -
titors respond differently to temperature changes at their breeding grounds, their inter-
specific synchrony may be altered as a result, potentially having consequences on
interspecific competition (chapter 6), and thereby affecting the response of the inferior
competitor (chapter 4). Studying these differential effects within trophic levels required
an integrated approach, using both long-term data (chapter 3), and experimental studies
(chapter 4 and 7). Over all we conclude that interspecific synchrony is affected by climate
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change (chapter 3) and that this may affect the intensity of interspecific competition, but
mostly during the settlement phase of flycatchers (chapter 4 and 6) and interactively with
competitor density (chapter 5 and 6, Figure 8.1). The most pressing avenue of future
research is to unravel whether resident and migratory species have different mechanisms
to adjust to climate change (plasticity versus evolutionary change), because such differen-
tial processes could well lead to increased phenological overlap in cold springs, poten-
tially increasing the intensity of interspecific competition. Other options for future studies
could include the effect of climate change on the usability of social information. Climate
change might reduce the reliability of social information by decoupling the social cue
from the underlying resource information (Seppänen et al. 2007), for example through
trophic mismatch, potentially leading to maladaptive heterospecific social cue using by
migratory birds.
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