Tourism Pressure on Reproductive Success
In Indo-Pacific Bottlenose Dolphins A

(Tursiops aduncus) of the Northern Red Sea. A
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Anthropogenic disturbance is recognised as a key driver of 1. Tourism varied substantially over the study period, with known Reduced tourism pressure is consistently followed
wildlife population dynamics. In marine systems, tourism pressure declines during tourism shock periods; Arab Spring (2011-
may influence reproduction through behavioural and physiological 2012), Metrojet Incident (2016) and the COVID-19 pandemic
pathways, with effects emerging on timescales consistent with (2020-2021) (from >3 million to 7000 arrivals in 2020 Q2).
gestation.
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by increased dolphin births one year later,
indicating that human disturbance is linked to

2.Births show a strong and consistent seasonal pattern, peaking reproductive output.

During the COVID-19 pandemic, a sharp decline in tourism in the in May and June, with ~92% of births occurring in Q2—-Q3.

northern Red Sea was associated with an apparent increase in Tourism and Dolphin Births Over Time Seasonal pattern of dolphin births Key Insights:
dolphin calf births, providing a natural experiment to test whether 4
reduced human disturbance enhances reproductive success.
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e Reproduction is seasonally constrained but varies
interannually

e Tourism explains ~15% of independent variation

o Effects emerge at a 12-month lag matching gestation
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The study area is primarily used as a resting and socializing
habitat, suggesting that tourism may interfere with behaviours
critical to reproduction. We therefore tested whether reproductive
responses vary with tourism shocks or reflect a broader
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Ecological Interpretation:

relationship with sustained tourism pressure. T e — e Dolphins appear adapted to chronic tourism pressure, but
survey data collected by the Dolphin Watch Alliance, combining abrupt declines. * The stronger response following COVID-19 suggests that both
boat-based and underwater photo-identification to enable high- » This seasonal structure explains most variation in births (R* = magnitude and dUlEHEEEEEE R
resolution tracking across a population of ~500 individuals. 0.747 in full model) when including quarter. reprc?ductlve QLIPI _
 Reproduction is tightly constrained in time, requiring analyses to * Tourism effects act on top of a seasonally constrained
Research Question: isolate interannual effects. reproductive window.
Is dolphin reproductive success associated with 3.The association between tourism and births strengthens when Limitations:
tourism intensity, and does this relationship reflect incorporating temporal lag, peaking at 4 Qs (r = =0.195), with e Tourism data represent national arrivals (proxy for regional
short-term shocks or sustained tourism pressure? Bl e lations at other IaGREE SR pressure)
Method gestation period of Jursiops aduncus. e Environmental drivers not explicitly modelled (key next step)
constrained. : ;
//"_ . e = T [NWpartsaid Impllcatlons:
fam Alexandria Study Area: \I 4. Tourism anomalies (deviations from expected visitor numbers) Tours n o duct
e 2n. T : : : e : e Tourism pressure has measurable reproductive consequences
IA . I 27°24'26.3N; 33 5012.4EI are negatively associated with dolphin birth anomalies one - z S § fF')t o d
——————————————————————— - f : ; . e Even moderate reductions can benefit populations
| . < Suez Nggt'i'erg R;ngea | year later (r = -0.393, p < 0.001). Negative tourism anomalies | 2l
| m by S0km I : . e Management should consider cumulative and long-term
| e v - I (fewer tourists than expected) are followed by higher-than- it
: . A . isturbance
| _ | expected birth rates, while positive anomalies correspond to
I . = Sharm El I reduced births.
| Sheikh |
I [ & LBl G g I Reduced Tourism Precedes Increased Dolphin Births
| | "} B . I Tourism anomalies (lagged 1 year) vs birth anomalies
| N [asahaca § 7= | , +1 birth per ~1M tourists
| ‘\\ i sl ,"' Port safaga I
I \\ Gota El Dir o § = /,’ G\:§¢ I
I \\\\\ El Gouna®@ Abu ;ugar 4 / N I
I A \\\ // Marsa Alam 3 | 3
I /vz,ehg \\ = / : I
0 \\\ . I
I 25 5 \\\ I
\ \‘\'\/\,\/\/Nm K/;;\\ \\\\\ kiflighod ) Al-Kabeer B /
\\ — — — : \\“_“——_———-_——””/_’/ A R . S M i Ml L —

Data

e Dolphin births (2006-2025): Birth timing reconstructed from
iIndividual identification and calf morphology (e.g. fetal folds,
size, behaviour) and maternal sighting histories (last sighting
before new calf, pregnant, older calf presence).

e Tourism data: Official quarterly dataset “Egypt — Tourist o
Arrivals” published by CEIC Data, based on registrations from . e el 16408
the Egyptian Ministry of Tourism and Antiquities. Tourism anomaly (deviation from expected trend)

Birth anomaly (deviation from seasonal pattern)
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Data processing
e Aggregation: Births summed per year, quarter and month.
e Seasonality identified and removed: Birth anomalies calculated
within quarters to isolate interannual variation.
e Trend identified and removed: Tourism anomalies derived as
deviations from a linear trend model.

« Regression confirms a significant effect: 3 = -9.9 x 10", p <
0.001, Rz = 0.154.

o Effect: Effect: ~+1 birth per —1 million tourists

e 10% decrease in tourism — ~8.8% increase in births.

e Lag structure: Tourism variables lagged 3-8 quarters; the lag 4 5.Birth rates were higher following tourism shock periods (mean =
quarters (=12 months) showed the strongest association and 4) compared to normal periods (mean = 2.58), but this difference
matches gestation t|m|ng was not statistically significant (p = 0218)

e The stronger reproductive response following the COVID-19

Statistical analysis
e Correlation analysis: Tested associations between tourism and
birth anomalies across lags.

collapse, compared to earlier shock periods, suggests that both Food for Thought

intensity and duration of tourism reduction may influence : g i
. e |f reduced tourism improves reproductive success,
reproductive outcomes.

e Linear regression: Quantified the relationship between tourism where is the threshold at which disturbance becomes
anomalies and birth anomalies. unsustainable?

» Shock comparison: Compared birth rates following major . As tourism continues to grow, identifying these limits

Key Statistical Results

tourism declines (COVID-19, Arab Spring). Tourism effects on dolphin births . . G T
’ . may be critical for long-term population viability.
Statistical Measure Result
Basic Correlation -0.064 ?‘" Acknowledgements
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